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EXECUTNG&JMMARY

The climate is changin@lobal & temperaturesare rising
as aresea levels throughounost ofthe U.S. Heavy rainfall

Chapter Leads
Karen Cozzettdrfstitute for Tribal

is increasing in intensity and frequency. Atlantic feame Environmental Professionals) & Dara
intensityis on the riseand the number of large forest fires | \arksMarino (Institute for Tribal
in the westen U.S. and Alaska is increasamgl is Environmental Professionals)

exacerbated by drought ahheat. In Aldsa and the Arctic
sea ice is declining, permafrost is thawing, and warming iy Chapter CeAuthors

more than twice the global averag@&/@lsh et al., 2014; Status of Tribes and Climate Changs
Hayloe et al., 2018; USGCRI®17). Working Group (STACCWG)

Recommended Citation

iven cl relationships with the natural worl mmin
Given close relationships with the natural world ste g Cozzetto, K.. Markslarino, D.. &

from deepspiritual and cultural connections and STACCW (2021). Executive
subsistence lifeways, Indigenous peoples are on the Summary. IrStatus of Tribes and
frontlines of those experiencing and adapting to climate | cjimate Change RepdMarks
change. Indigenous peoples possess incredible resiliency| Marino, D. (ed.)]institute for Tribal
innovation, borre from Indigenous knowledges,osldviews, | Environmental Professionals, pg, 6
and countless generations of connection to place (Ford etf 14

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, floodingand 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 commtmking care of one
another and all our relations.

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

TheStatus of Tribes and Climate Change (STR&®)rtseeks to uplift and honor the voices of
Indigenous peoples across the U.S. to inceaasderstanding of Tribal lifeways, cultures, and

worldviews the climate change impacts Tribes are experiendimg solutions they are implementing

and ways that all of us can support Tribes in adapting to our changing world. Given this, the STACC
Repot was written for diverse audiencescludingTribal managers, leaders, and community members
the authors offuture National Climate Assessmeantederaland state agencies and decisiorakers;
andnongovernmental organization®©ver 90 authors represeinig 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 currentpeer-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 Universityvith a cooperative agreement with the Bureau of Infia! F ¥ ANRQ ¢ NAOI t [/
Resilience ProgramiTEP is honored to have worked with these authwi® together, along with the
Steering Committee, form the STACC Working Group.



Why This ReportWas Qreated

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

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

the loss of ancestral lands, languageatural resources, and traditions. Due to colonializatiod

subsequent land disposs®on, social exclusion, and discrimination, researchers have identified
LYRAIASY2dza LIS2LJ S& 3If 20t f IN&A af¥R GRY SYKIA NRPY{YS yid f LID
2020; Nakashima et al., 2018). Trildleeve, hovever, continually proven to be resilient and innovative

which is evident in their creating adaptation and mitigation plans and continuing to rehadmional

knowledges to inform actions and strategidshis resiliency and adaptation dates back thodsaof

8SIFNE YR K2fR& (GNHS Ay (G2RIFIéQa OKFIy3Iay3a OftAYIGSo

As numerous Indigenous persons would attest ke ¢lose relationship that Tribes have with their

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

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 consequenef 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 withlonate 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 canndbe thought of as one monolithic grougiverse Indigenous persons are in dialogue
about synergies thatxist among their worldview®Numerousindigenougpersons have artulated that

their worldviewsunderstand all things as an interconnectetole, as sbwn inFigure 1 the Indigenous
Holistic Worldview lllustratianThere 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 perierces. However, aBigurel shows, each topic is interwoven with the others and all the
systems of the world. (Sdetroductionfor further discussion ofigurel.)

Although Indigenous peoples have been involved in various scientific reports related ateatinange
(see Ch. 1), a gap exists in the published literature of a holistiegth review of the unique
experiences of and threats to Tribes, in particular with firahd experiences described. The STACC
Report aims to fill this gap as well as pda/recommendations for decisianakers and diers
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, setfetermination, the federatrust responsibility, and consultation requirements

within the governmerito-government relatimship. 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 Fretgleaztly
QzSaiAz2yaszr yORPOD® {AYAfIFINI G2 adlrdSaz ¢NAO6SAE aGLIR2&aAcS
enforce laws, both civil and criminal; to tax; to establish and determine membership (i.e., tribal

citizenship); [and] to license and regulate aktiti A S& A GKAY (GKSANI 2daskeda RA Ol A 2
Questions, n.d.). The Indian SEletermination and Education Assistance Act of 1&Tisulates a
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Figure 1The Indigenous Holistic Worldview lllustration visually depicts the interconnected way in which many Indig
peoples experience the world and includes factors that influence theahatarld. The various topics that the STACC

Report addresses amecluded in the roots to demonstrate that while the Report is divided into independent chapters, the
topics are, in reality, part of an interdepemdevhole. ThigllustrationQ shape resemles 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 storyitelgration designCoral Avery

and Molly Tankersley



pathway forTribal control, responsibility, and autonomy over programs and services usually
administeredby the Bureau of Indian Affairs (USDOI-Belfermination, n.d.; USDOI Frequentisked
Questions, n.d). The federaiust responsibilityaddresses the reality thafribal nations ceded their
homelands in exchange for the guarantee of protection of thgints to sefgovernment and lands and
to provide for federal assistance (NCAI Tribal Governance, n.d.). The govetorgenvernment(or
nation-to-nation)relationship is a fundamental principle of the fedetmaist responsibility (NCAI
State/Tribal Relabns, n.d.), and governmeitb-government consultation must occur from the
beginning stages of all decistomaking that could potentially impact Tribes.

9ESOdzi A S hNRSNI momTpX 6KAOK ¢l & SailotAdaKSR Ay H
commitment to tribal sovereignty, setfetermination, and selfovernment. Its purpose is to ensure

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

0KSe RS@OSt2L) LRtAOe 2y AaadzSa oKI ekecativetdtenas LY RA L Y
reaffirmed by the Bidemadministration on January 26, 2021. Sovereignty is an inherent right of Tribes,

and the onuss on the federal government to ensure that right and governraergjovernment

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

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

change.

Chapter Number Chapter Title

Chapter 1 History of Indigenous Peopleshtational Climate Assessmen

Chapter 2 Worldviews, Knowledgg & Social Impacts

Chapter 3 Actionable Science & Collaborative ClimBtanning

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 DevelopmenRenewables, Sustainable Economie
& Carbon Offsets

Chapter 7 Energy & Just Transition

Chapter 8 Cultural Resources

Chapter 9 Emergency Management

Chapter 10 Protectionin-Place &CommunityLed Relocation

Chapter 11 Solid Waste

Chapter 12 Emerging Topics

Tablel. 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 cdoure within each chapter and the
Conclusion. Much like the interwoven nature of all the topics address#ds report, thekey messages
and recommendationare interdependent and can be distill@ato two themes:Respect and uphold
Tribal sovereignty and selfletermination and Integrate holistic responses in line with Tribal values

9



Key Message & Recommendation: Respect &ipthold TribalSovereignty and<elf-Determination

Tribal sovereignty andeff-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 theegisting right ® selfdetermination 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 decisioraking processefChs. 3 and 10). Many federal

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

Tribes should be central to such decisimaking. Engaging Tribes early and often helps to ensure

that programs developed araccessible 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

GNE & YR 2F0Syé Sy3al 3SY S paitnersbips beforaledSopingprojéce Sa G o
proposals. Building relationships with Tribal leaders, margagerd community members keyto

ensuring respectful dialogue and that intentions are trustviagrt

Increase cemanagement of natural resourcesCemanagement of natural resources involves
crossjurisdictional, cooperative, participatory collaboration in decisinaking, planning, and
enforcement (Ch. 3), and contributes to strengthening of foodiggcand 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 prett Indigenous and traditional knowledgés 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 occurfinginstanceduring climat¢ and

other disruptions such as wildfires, extreme weather, and the CQYIpandemic, 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@hs. 2, 3, 4, 5, and 12, a resource for better
understanding this concept is thiguidelines for Considering Traditional Knowledges in Climate
Change Initiative$ As described in th&uidelinesTribes must be able to choose to share or not
share traditional knowledges with others.

Provide adequate funding for climate change adaptatig@hs. 412 and Appendix A). Inadequate
funding remains one of the greatest bamsefor 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 thEribabcommunities are
experiencilg land loss due to erosion, flooding, and permafrost thaw (Chs. 4 anNdi)nwide,

at least $6.2 billion is needed over the next 50 years to protect, replace, and move existing Tribal
infrastructure. This amount included least $175 million needed anally nationwide over the

next ten yeargCh. 10).

! Guidelines for Considering Traditional Knowledges in Climate Change Initiatives:
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 efficieMlren accessing climate change

adaptation resourceslribes 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, andek@mpte,
programs that provide funding to construct public drinking water systems are located within seven
different federal agenciesnd there is no lead federal agency or program to help communities
facing relocation (Ch. 4.2.1 and 10).

Build and retan capacity within Tribes to manage and adapt their resources and infrastructure to
climate changehrough passing down of knowledge between elders and youth, workforce
development, professional training to increase technical and managerial expertistheand

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 professits) onthe-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, conitoute to strong economies, and help maintain cultural integrity. Federal
responses should integrate support for these local capduiilding and retention efforts.

Provide Triballyfocused data, resources, and actionable scienaesupport Tribal decisiemaking
(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

knowledge can be more relevant for planning and actiens¢ KS | vy A @S NER ATilbal 2 F 2 |

Climate TogP for instance, provides Pacific Northwest Tribes with reservasipecific climate

change d&a. Actionable science helps people make better decisions about things they care about
YR &aK2dzZ R adlF NI 2FF 6A0K GKS [dzSadAaz2ys a2 KId
engaging Tribes early and often (see above).

Support the planning and implemdation of Tribally-led solutions to Triballyidentified 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

aK

R
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accelerating Tribal resilience in a Tribdd#lgl environmentn whichthe 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 directithgir resources to strategically install PurpleAir
monitors and develop an Environmental Dashboard to help protect the health of their Tribal
members.
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Key Message & Recommendation: Integrdtielistic Responses ithine with TribalValues

As describe@bove, 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 actionablessteich as:

When devebping climate change solutions, recognize the interconnectedness of systems and
consider strategies that achieve multiple objectivésee Chs. 4.2 and 5). Ocean acidification and
harmful algae events negatively affect Indigenous food systems and seburitgn health, and

local economies. Solutions like clam gardemssentially, rock walls in bays or inlets that increase
shellfish productivity are an integrated response to multiple climate change impacts (e.g., rising
tides, food security, and ocean acidition) 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 &didiipnally,

rising af temperatures and increasy drought may stressative vegetationleaving plants more
vulnerable to insect outbreaks and providing greater opportunities for invasive plants to become
established. Largecale, uncharacteristically higieverity wildfireghat 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
droughttolerant and fireadapted vegettion species; inhibiting insect pests that affect foods such

as nuts, seeds, and berries; mitigating lasgale detrimental fires; and promoting the growth of
basketweaving 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, sdientnderstanding 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 changeconsiderations into ongoing planning and implementation proces¢€s$s. 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 ingglation, along

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

efficient, more inclusive with respect to decistoraking,andless timeconsuming ando lead to

actions that are more sustainable in the longrterCh. 12 describes how Tribes are participating in

a variety of crosboundary, collaborative projectécluding the Rio Grande Water Fund hosted by

The Nature Conservancy. The Fund supports iacgée forest restoration by a variety of entities in

thel FGSNXYIGK 2F 'y SEGSYyaAadS At RTFANB (2 SyadanNB |
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 RthB$Adorest,

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

Implement climate adaptation strategies that are proactive versus solely reac{@és. 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. Clisitient
drinking water systems, for example, pide 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 climateaesilient 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 gitde
significance of climate change impactEribes may have different views than their n@ribal
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 theoBugh 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, saffetermination, 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.

{ dzLJLJ2 NJjjusttriditiors &y from fossil fuelsTribal selfdetermination means that
decisions made by individual Tribes will vary, bjusatransition away from fossil fuels and
towards renewable energy will ensure that regenerative and sustainable economies areoé part

GKS NBali2NrdAz2y 2F LYRAISy2dza LIS2L) SaQ ftATFTSgl ea

dependent on fossil fuels, which is an unsustainable economic model, and the burning of fossil
FdzSta Aa dzZ GAYFGSE & RNAGAY Iy l@xs depehdéddon d& fons5ad S @

¢ KS

8SIFNEX YR GKS Of28dz2NB 2F (G4KS FNBIFQa O2If YAyYyS

transitioning to renewable energy development to improve the health of the community while also
creating new revenue and jol§earrative, 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 ctinue to strive to integrate topics holistically.

Building on the successes of Tribes and individuals who have dedicated their lives to elevating
LYRAISYy2dza LIS2LX SaQ 02y OSNya FyR AYLX SYSyidAiy3
2021 STAC Report demonstrates the unique climate change impacts experienced g arid the

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

and the increased impacts that many Tribal communities face maytdeiatproved 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 ouralations, we may collectively achieve a society in which all can thrive.

13
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NOTES ON TERMINOLOGY

The termnology employed throughout th8tatus of Tribes Chapter Lead

and Climate Change Repeeflects an effort to emphasize | kyje Whyte (University of Michigan)
the importance of the meanings of Indigenous concepts,
worldviews, knowledge, andnguages. In some cases, thel ChapterCoAuthors

are straightforward words that can be used whose meanir| Status of Tribes and Climate Changg
correspond appropriately with Indigenous meanings. In | Working Group (STACCWG)

other cases, readers have to exercise a respectful
interpretation that there may be few if any appropriate
Englsh language words that correspond appropriately with
Indigenous meaning&ome of theauthors of the

Indigenous peoples sections and chapter of the NCA4 Marino, D. (ed.)]Institute for Tribal
developed a document titlethdigenous Peoples Environmental Professionals, pp.cL5
Terminology for the Fourth National Climate Assessihent | 17.

where they thoughtfully laid out definitions of terms. While,,
for the most part, tle terminology used in thiReport is in alignmerwith the definitions in the NCA4
terminology document, there are a few slight differences. Readers dRéportshould expect to see
diverse choices made about terminology. The rule used irRéyortis to use terminology consistent

with the best exprasion of information about Indigenous understanding, experience, and goals with
respect to climate chang&he authors collaborated with one another to determine what choices would
be made about terminologyVhile the following list is not exhaustive, kieyminology and stylistic
choices are as follows:

Recommended Citation

Whyte, K., & STACCW@E021).
Terminology. IrStatus of Tribes and
Climate Change RepdMarks

Indigenous peoplest KS  SNX d Ly Ris & BedadlusitdDPselifetSrinifing societies

whose political and cultural foundations pexist the formation of the United States, regardlesshefir
NEO23ayAltAz2y altlidGdza o6& GKS ! yAGSR {iGlrGdSa 3I328SNYyYSy
recognized Tribes as of 2020, Native Hawaiians, stategnized Tribes, and unrecognized Tribes and

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

aAlbdz- A2y Aa 06SAy3a NBT-8dBnhaisian be heR resp&ig®byaising JS 2 LI S &
terminology that acknowledges Indigenous governance systems. Indigenous peoples are not

stakeholdes, but segoverning and sovereign societi@$e authors of the Report mustly on general

g2NRa A RN @@ dzf2id dadBeTS éomplex, plageased institutionsand scientific

traditions, which can fatb convey the diversity of Indig@us peopleSlifeways and social structurein

some parts of the &oort, the authors are deliberaté 2 dza S ¢2NRa &ddzOK 4 Gaz2YSe
differences across Indigenous peoples.

Terms such as Tribe, Tribal, Tribal peoples, Tedramunities, and Indigenous peoples are all used
OKNRdzZAK2dzi GKS wSLENIS Fa& FLIINRBLNARFGS G2 GKS 02y
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
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Capitalization choicesConsistent 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 authtvié sources on grammar and
stylet whether from professional societies, style guides, political agencies, or international
organizations offer different and incongruent guidance. The decisions about capitalization in this
Reportreflect the will of the authors and steering committee who sought to focus on being respectful of
Indigenous selfletermination and being vigilant about past anchtiauing textual assumptions that can
YFENBAYFEfAT S LYRAISy2dza LIS2L) SaQ LINBaSyoOSo

In this Rport, theterms L Y RA 3 Sy 2 dzA b | afefveirty Geditd de@note Sjkciic nieénings of
Indigeneity tied to government, culture, and diplomacy. For this regdee Reportis conveying to the
reader meanings that actually do fulfill a certain conventional wisdom about when to capitalize. There
may be some isolated instances in tReportwhen capitalization may not be respéditor

conventional, which the Repts leadauthors tookresponsibility in evaluating. In cases of the terms
"Indigenous peoples" and "Tribal nations," the rfd#owed in the Report inot to capitalize "peoples”

or "nations," unless a particular usage is conventional in some contextexameple of an exceptiois

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

Terminology related to ecosystems and climate changey RA 3Sy 2dza LIJS2LJ) SaQ (y26fS
developed different concepts for undeesmding 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 ndndigenous persons. Indigenous leaders, knowlddegpers, ad

scholars have expressed concern that some Entgligjluage concepts do not give sufficient awareness

or respect to how Indigenous peoples understand relationships with the environment, especially when
considering Indigenous conceptions of cosmology himsand 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 culturd$e authors took seriously th@roblem of navigating the

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

The Rportdoes in places, use more Indigeneunspired conventions in English, where appropriate. For
example, instead of "ecosystem sies," some parts of thReportdiscuss 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 Indigevaas.p& the

same time, some of these Enghisimguage terms are best preserved to protect the scientific integrity of

the terminology within particular literaturdn other cases, Indigenous peoples have used these terms to
enhance communication within afticultural exchanges of informatioin some parts of the Report,

Gly26ft SR3ISE Aa LI dzNTF fAT SR a aly26tSRIASEaE (2 NBTFE
peoples and across them.
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Certainlndigenoudndividuals and cultures refer to living éties as beings, and their use of this term

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

be provided as far as, for example, whether beings are welcomed or unwelcomed (e.g., pathogens) or
whether they hae long been present imdigenousommunities or areas or whether they are newly
arrived (invasive).

Some Suggested Reading with Connections to Choices on Terminology

.ANRIZE ad . omphhpod 2KIFEG 28 21 yid G2 ial@ndEthricidSiity Ly RA ISy :
Labels. American Indian Quarterly, 23(2)21. https://doi.org/10.2307/1185964
IJIHDefiningIndigenousPeoplesWithinCanada.pdf. (n.d.). Retrieved November 15, 202@jfroffiournals-uvic
ca.proxy.lib.umictedu/journalinfo/ijih/IJIHDefiningIndigenousPeoplesWithinCanada.pdf

CTKW (Climate and Traditional Knowledges Workgroup) (2016). The Ethics of Traditional Knowledge Exchange in
Climate Change Initiatives. Earthzihép://earthzine.org/2015/07/31/the-ethicsof-traditional-knowledge
exchangen-climate-changeinitiatives/. Retrieved December 1, 2020.

Johnson, J. T., Cant, G., Hovt, & Peters, E. (2007). Creating Awnlonial Geographies: Embracing Indigenous
t S2LX SaQ Yy24f SRISA | YR wAhA I Kli2d. MitpdD/§o2cdiD. 1UKIAIG45f wSa St NOK X
5871.2007.00441.x

Walter, M., & Andersen, C. (201L&digenous statistics: A quantitative research methodoldyginut Creek, CA:
Left Coast Press.

Whyte, K. P. (2013). On the role of traditional ecological knowledge as a collaborative concept: A pisébsoph
study.Ecological processe(1), :12.

Younging, G. (2018). Elements of Indigenous Style: A Guide for Writing By and About Indigenous Peoples. Brush
Education.

17


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

ACRONYMS USED IN THIS REPORT

ACS
AF
Al/AN
AIHEC
ANCSA
ANTHC
AOS
AP
APHIS
AQP
ASPIRE
ATNI
BGA
BIA
BLM
BMP
BOD
BRFO
CAA
CAKE
CASC
CCHRC
CDC
CFLRP
cfs
CJRF
CNRA
CPN
CRCCS
CRS
CRWU
CSA
CSKT
Csz
CTKW
CTUIR
DOE
DOl
EAB
ECHO
EEOP
El

EPA

U.S. Census Bureau's American Community Survey
Acre Feet

American Indians and Alaska Natives

American Indian Higher Education Consortium
Alaska Native Claims Settlement Act

Alaska Native Tribal Health Consortium

Arctic Observing Summit

Adaptation Plan

Animal and Plant Health Inspection Service

Air Quality Program

Advancing Science Partnerships for Indoor Reductions of Smoke EX|

Affiliated Tribes of Northwest Indians
BlueGreen Algae

Bureau of Indian Affairs

Bureau of Land Management

Best Management Practices

Biological Oxygen Demand

Blue River Foundation of Oklahoma

Clean Air Act

Climate Adaptation Knowledge Exchange
Climate Adaptation Science Center

Cold ClimatéHousing Research Center
Centers for Disease Control and Prevention
Collaborative Forest Landscape Restoration Program
Cubic Feet per Second

Climate Justice Resilience Fund

Chickasaw National Recreation Area
CitizenPotawatomi Nation

Cultural Resources Climate Change Strategy
Congressional Reaech Service

Creating Resilient Water Utilities

Climate Science Alliance

Confederated Salish and Kootenai Tribes
Cascadia Subduction Zone

Climate and Traditional Knowledges Workgroup
Confederated Tribes of the Umatilla Indian Reservation
Department of Energy

Department of Interior

Emerald Ash Borer

Enforcement Compliance History Online
Environmental Education Outreach Program
Emissions Inventory

Environmental Protection Agency
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ESFs
FARR
FEMA
FHORT
FRP
FWS
GAO
GAP
GCRA
GIS
GLIFWC
GSHP
HAB
HAE
HEARTH
HITS
HMGP
HMP
HNR
HRL
HUD
HWB
IDEQ
IDJC
IEN
IGAP
IGSMCAM
IHIs
IHS

IK
IPCC
IPCCWG
IRMP
ITEDSA
ITEP
ITF
KSM
LAWA
LPNF
MACS
MCL
MTE
MW
NAFSI
NASA

Emergency Support Functions

Federal Air Rules for Reservations

Federal Emergency Management Agency
Framework oHistorical Oppression, Resilience and Transcendence
Fire Radiative Power

Fish and Wildlife Service

Government Accountability Office

General Assistance Fund

Global Change Research Act

Geographic Information System

Great Lakes Indian Fish & Wildlife Commission
Ground Source Heat Pump

Harmful Algal Bloom

Harmful Algae Event

Helping Expedite and Advance Responsible Tribal Home Ownership
Home Inventory Tracking System

Hazard Mitigation Grant Program

Hazard Mitigation Plan

Hanford Nuclear Reservation

Health Reference Level

Housing and Urban Development
Health and Wellbeing

Idaho Department of Environmental Quality

Isle de Jeaharles

Indigenous Environmental Network

Indian General Assistance Program

Integrated Global System Mod&ommunity Atmosphere Model
Indigenous Health Indicators

Indian Health Services

Indigenous Knowledge

Intergovernmental Panel on Climate Change
Indigenous Peoples Climate Change Working Group
Integrated Resource Management Plan

Indian Tribal Energy Development and $termination Act
Institute for TribalEnvironmental Professionals
Infrastructure Task Force

Kerr Sulphurets Mitchell

Lake of the Arbuckles Watershed Association

Los Padres National Forest

Multiagency Coordination Groups

Maximum Contaminant Level

Menominee Tribal Enterprises

Megawatts

Native Agriculture and Food Systems Scholarships
National Aeronautics and Space Administration
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NAU
NCA
NCAI
NFIP
NGO
NHBP
NIACS
NICC
NIMS
NOAA
NPNH I
NPS
NREL
NRF
NTAA
NTEMC
NYCALC
0&M
ODEQ
PAH
PBPN
PM
PNSN
PNW
PSP
PTSD
PV
PWS
RCPs
RPS
RTC
SAFER
SAITC
SDS
SDWA
SEATOR
SMBMI
SMM
STACC

Northern Arizona University

National Climate Assessment

National Congress é&fmerican Indians

National Flood Insurance Program

Nongovernmental Agency

Nottawaseppi Huron Band of the Potawatomi
Northern Institute of Applied Climate Science
National Indian Carbon Coalition

National IncidenManagement System

National Oceaniand Atmospheric Administration
Native PeoplefNative Homelands second workshop
National Park Service

National Renewable Energy Laboratory

National Response Framework

NationalTribal Air Association

National Tribal Emergency Management Council
Native Youth Community Adaptation and Leadership Congress
Operations and Maintenance

Oklahoma Department of Environmental Quality
Polycyclic Aromatielydrocarbons

Prairie Band Potawatomi Nation

Particulate Matter

Pacific Northwest Seismic Network

Pacific Northwest

Paralytic Shellfish Poisoning

Posttraumatic Stress Disorder

Photovoltaic

Public WatelSystem or Public Drinking Water System
Representative Concentration Pathways

Renewable Portfolio Standard

Reservation Tribal Council

Safe and Affordable Funding for Equity and Resilience
Southeast Alaska Indigenotliansboundary Commission
Sanitation Deficiency System

Safe Drinking Water Act

Southeast Alaska Tribal Ocean Research

San Manuel Band of Mission Indians

Sustainable Materials Management

Status of Tribes an@limate Change

STACCWG Status of Tribes and Climate Change Working Group

STAERL
STAR
STEAM
STEM
SYCEO

Sitka Tribe of Alaska Environmental Research Lab

Status of Tribal Air Report

Science, Technology, Engineering, &ntd Math

Science, Technology, Engineeriagd Math

Santa Ynez Band of Chumash Indians Environmental Office
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TAM
TAP
TAR
TCRP
TCUs
TDS
TEAM
TEISS
TERA
TNC
TWG
UCAR
UCMR
UNDRIP
USDA
USEPA
USFS
USGCRP
USGS
VA
VW
WCS
WQI
WQMP

Tribal Adaptation Menu

Tribal Alliance for Pollinators

Tribal Authority Rule

Tribal Climate Resilience Program
TribalColleges and Universities

Total Dissolved Solids

Tribal Environmental Action for Monarchs
Tribal Emissions Inventory SoftwéBelution
Tribal Energy Resource Agreements

The Nature Conservancy

Tribal Working Group

University Corporation for Atmospheric Research
Unregulated Contaminant Monitoring Rule
United Nations Declaration on the Rights of Indigenous Peoples
United States Bpartment of Agriculture

United State€nvironmental Protection Agency
United States Forest Service

U.S. Global Change Research Program
United States Geological Survey

Vulnerability Assessment

Volkswagen

Wildlife Conservation Society

Water Qualityindex

Water Quality Monitoring Program
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INTRODUCTION

TheStatus of Tribes and Climate Change (STR&g)rt Chapter Lead

seeks to uplift ad honor the voices of Indigenous peoples | para Markeviarino (Institute for
across the U.S. to increase understanding of Tribal lifewa] Tribal Environmental Professionals)
cultures, and worldviewghe climate change impacts Tribes
are experiencingthe solutions they are implementingnd Chapter CeAuthors

ways that all of us can suppontifies in adapting to our Status of Tribes and Climate Change
changing worldThe Indigenous peoples of North America | Working Group (STACCWG)

have seen many hardships, including legacies of coloniali
forced assimilation, intergenerational trauma, upheaval ar
repression of Native economic systems, and the Iosg gf (2021). Introduction. InStatus of
ancestral lands, languagenatural resources, and traditions Tribes and Climate Change Report
but have continually proven to be resilient and innovative [MarksMarino, D. (ed.)]Institute for
finding solutions. This resiliency dates back thousands of | Trihal Environmental Professionals,
8SFN& (2 GAYS AYYSY2NRLFE I pp. 2226.

climate.Futthermore, as this Report and the narratives
herein demonstrate, Tribes are often at the leading edge in adapting to climate change; implementing
locallybased, scientifically supported actions to mitigate climate change; and creating the necessary
systemicshifts to reconnect people with both environment and communidgspite 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 isntrg

Recommended Citation
Marks-Marino, D. & STACCWG

C
N

Tribal ability to respond to climate change is influenced by capacity and the degree to which they can
exercise their sovereigntyvhich is in turn influenced by external polici&se Doctrine of Discovery is
one such external policy and was utitizeom the mid1400s through the mid900s 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 1p@€ander
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 offleral India policy include Relocation (182B387)3 Allotment and
Assimilation (18831934), Indian Reorganization (193453), Termination (1953968), and Self
Determination (1968present) (Pevar, 2012Most recently federal Indian policy has coupl&lf
Determinationwith SelfD2 S NY I y OS> ¢ K A @niking audBaritgzahy dandg@@t & A 2 Y
NBaLl2yaAoAf dsquat&lan Wilkins & KiilkéGepiresiik Siark, 20)1This is implemented
acrossseveralfederal agencies througbelfdeterminaion contracts and compactsith Tribes to

manage, develop, and take ownership of th@iograms, functions, services, and activities, including
manyenvironmental and health programs.

3The TreatyMaking Era (~17%3871) and the Removal Era (~182650) overlap with the Relocation Era; the
Removal Era is very similar to the Relocatica Er

22

X«

(0]



On January 26, 2021, President Biden releasé@morandum on Tribal Consultation and
Strengthening Natioito-Nation Relationshipreaffirming the citical importance of Executive Order

G2

MOMTPS HKAOK OKIFINBSa ff FSRSNIt 3SyoOAasSa
GAGK ¢NRAOIE 2FFAOALFE AZé A ymembrdnduw lopesivBtiNte fallowing<
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 ®vereignty and selfjovernance, commitment to fulfilling Federal trust and
treaty responsibilities to Tribal Nations, and regular, meaningful, and robust
consultation with Tribal Nations corneostes of Federal Indian policyhe United
States has made sohn 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 charaje of which
disproportionately harm Native Ameans. 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 paly that affects Tribal Nens.

Understanding Tribal Sovereignty
In order to effectively support Tribes in their efforts to address climate change, it is vital to understand
both Tribal sovereignty, setfetermination, the federalrust responsibility, and consultation

requirements within the governmerb-government rdationship. 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
FrequentlyAskedQdzS & 1 A2y 42X YORPODP {AYAE NI (G2 adl dSa
governments; to make and enforce laws, both civil and criminal; to tax; to establish and determine

membership (i.e., tribal citizenship); [and] to license and regila@i A GA G A S &

2

GAGKAY

(USDOI FrequentBskedQuestions, n.d.). The Indian SElétermination and Education Assistance Act
of 1975articulates a pathway fofribal control, responsibility, and autonomy over programs and

services

usually axiinistered by the Bureau of Indian Affairs (USDOH3e&tiérmination, n.d.; USDOI

FrequentlyAskedQuestions, n.d). The federalust responsibilityaddresses the reality thatribal
nations ceded their homelands in exchange for the guarantee of protection of their rightsto self
government and landand of provisiorfor federal assistance (NCAI Tribal Governance, n.d.). The
governmentto-government(or nationto-nation) relationship is a fundamental principle of the federal
trust responsibility (NCAI State/Tribal Relations, n.d.), and governtoegavernment consultation
must occur from the beginning stages of all decigimaking that could potentially impact Tribes.

4 Memorandum on Tribal Consultation and Strengthening Nat@hlation Relationships, January 21, 2021,
https://www.whitehouse.gov/briefingroom/presidentiatactions/2021/01/26/memoranduron-tribal-

consultatiorand-strengtheningnation-to-nation-relationships/
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Elevatirg Tribal Voices

The STACC Report includes 34 narrative submissions directly from Mg are identified in the

Report by using green fonThese narratives include diverse voices that speak of the innovative, active,
collaborative projects addressittlge serious challenges that Tribes face, their searches for solutions,
their use of bothtraditionalknowledges and Western science, and much more. Impacts from climate
change and Tribal responses to climate change are as diverse as are the TribethaddoSsAs 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 &rand 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 reflectsrttention to uplift and honor Indigenous voicesectionl:
Briefing on Climate Change in the Tribal Congés¢s an overview for the reader to deepen their
understanding of how Tribal lifeways and cultures influence their potential responses to clinaatgech
and how their lifeways and cultures are dependent upon clean air and water, healthy soils, and the
ability to exercise their inherent sovereignfectior2: Impacts& Solutions by Topis structured to
highlight theTribal narratives by includingem in the beginning of each chapter, followlegreviews of
each topic by thaliverse writing teams. Th€onclusionKey Messages, and Recommendationkides

a full listing of the key messages and recommendations generated by the authors of each.chapter
Appendix AFundinghighlights key resources to assist Tribes in developing funding strategies for Tribal
climate change projects, amsppendix BResourceprovides descriptions and links tesources of all
typesmentioned throughout the STACC Report.

The topicreviews inSectiors 1 and 2 were written by teams of adiors representing a wide arraf
backgrounds and expertisgho include elements from their own experiences and knowledge as well as
information from the maost current peereviewed literatue. These teams providiiverseexpertise
writing stylesandperspectives orthe key points to aldress inTribalresponsato 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 SeeChapter 2: Worldviews ndwledges, & Social Impadt3he

Indigenous Holistic Worldview lllustratigRigure 1Wwas developed for thiReport to visually depict the
interconnected way in which many Indigenous peoples experience the world. For most Indigenous
communities, therds 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 lebealonialism, 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 has included Indigenous peoples in the last several iterations,
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most heavily irChapter 15Tribes and Indigenous PeopiesNCA4 (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 exhastive 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 dlescur betweemow and the next
publication.
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Figure 1The Indigenous Holistic Worldview lllustration visually depicts the interconnected way in which many
Indigenous peoples experience the world and includes factors that influence the naturaMivendrious topics that
the STACC Report addressesiractided 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 lllustration shape resembledsra turtle
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.
lllustration degjn: Coral Avery and Molly Tankersley
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SECTION 1: BRIEFING ON CLIMATE CHANGE IN THE TRIBAL CONT

Chapter 1History of Indigenous Peoples in National Climate
Assessments

History ofIindigenous Peoples in NCAs Chapter Lead

Key Message Kyle Whyte (University of Michigan)
Indigenous peoples have been substantively
involved in national and international climate
assessments for decades, and this involvement
has grown, including more Indigenous
engagement and authorship on the third and

ChapterCcAuthors

Julie Maldonado (Livelihoods
Knowledge Exchange Network),
Shannon McNeeley (Colorado State
University), Haley Mullen (University

fourth National Climate Assessments. There is of Michigan), Rachael Novak (Bureal
still much work to be done to engage and includ of Indian Affairs)
Indigenous perspectives, knowledge, and
expertise in climate assessments. Recommended Citation

Whyte, K., Maldonado, J., McNeeley
Recommendation S, Mullen, H., & Novak, R. (2021).

History of Indigenous Peopl&s
National Climate Assessments. In
Status of Tribes and Climate Change
Report{Marks-Marino, D. (ed.)]
Institute for Tribal Environmental
Professionalspp. 27%33.

Future reforms to make NCAs more inclusive
should acknowledge, learndim, and build on
Indigenous people3nvolvement throughout the
history of the US Global Change Research
Program.

Indigenous peoples globally have worked to advance their equitable participation istaiggs
AO0ASYGATAO NB LR NaraWprkihgyGrobhpSa clirefelctiahgy fBried following the

establishment of the New Zealand Climate Change Programme in 1988 and a workshop that same year
SYGAdt SR a/ tAYFGS /KFEy3aSY ¢KS bSg %ShHflyR wSalLkRya
cSFiA2y 2F GKS ' NOGAO /EAYFGS LYLIFOG !'adasSaavySyias
2 NXYAY3 tlthd Xhvie AaQddziérreritly, the @incil consists ofightarctic statessixIndigenows

permanent participants, and various official obses/erhe Indigenous permanent participants include

GKS 1 £Sdzii LYGSNYyFraGA2ylFt 132a20AF0A2y3 BINDGAO ! GKI O
Circumpolar CoungiRussian Association of Indigenous Peoples of the North, and Saami Canaticil

Climate Impact Assessme2004).Diverse scientific reports, more locally and globally, have their own

histories of engagement with and involvement of Indigenous peopgles, for example: Goode et al.,

2018; IPCC, 2019).

In the U.S., diverse ligenous 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. Weisgliss the many ways that, since
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at least the midl990s, 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
Act (GCRA). The GCRA0f 19®sét (2 | Rl yOS dal O2YLINBKSyaAgdS | yR
research program, which will assist the Nation and the world to understand, assess, predict, and
respond to humarh Y RdzOSR 'y R Yyl Gdz2NI £ LINRPOSaasSa 2F 3It20lf O

One of the first engagements wahe Native PeopleNative 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, Indigemontedge

keeping traditions, U.S. government, and climate sciencefilabreport from that workshop, titled

Circles of Wisdonwas published in 2002 (Maynard, 200Phe report references the Indigenous

focused chapter in the first NCA (NCA1L) (Natidrssessment Synthesis Team, 2000). It states
GC2fft26Ay3 GKAEA ¢2N)] aKz2LIE GKS RA&aOdzaairzy NBad#f G4
synthesized and augmented based upon comments from a number of workshop participants and other
reviewersintowhah & y 26 / KILIWISNI mu 2F GKS ! ®{® bl dAz2ylf 1 &
Notes). The chapteristited,t 2 G Sy G4 A+t /2y &aSljdzSy0Sa 2F [/ tAYIGS =11
t S2LJX S& FYyR 1 2YStlyRaé¢ 61 2dzaSNI S tf P Hnnnod

The chapter highlighted the ingptance of Indigenous knowledge systems and that Indigenous peoples
have a history of relating to humasaused climate change through lande changes imposed on them

by the actions of U.S. citizens and poliegkers. Key issues included tourism and comityun

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 regources (
351). The chapter advocates for more research relatingdigenous 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
includedwithin a regional section in the NCA1 Overview Report. A 1999 Special Issue on Indigenous
peoples and climate change in the academic jouNetive Americaseferences the Native Peoples

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

INNCA2YF NI S If®dX HangpdI GKSNB NS NBFSNByOSa Ay |
@dzt YSNI oAt AGASAaeE 2F bl GAGS ! YSNAOIyas AyOfdzRAY3I a
reduction of availability of traditional food souregproblems 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

Plans, 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, durihig broad period, Indigenous peoples

continued to organize efforts to address climate change. The Indigenous Peoples Climae Chan

Working Goup (IPCCWGyas established at Haskell Indian Nations University (2006) (She204:@).

Members of the IPCCW@e contributed to NCA and other climaiesessments. Grossman

documentedreports and conferences on Indigenous peoples and climate change during the years 2006
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and 2007 (Grossma@0080 = & dzOK | & (KS Db2NIKgSaild LyiRted y ! LILIX AS
Climate Change and Pacific Rim Indigenous Na(RHG65).

A second Native Peopl@dative Homelands (NPNH II) workshop was held in 2009 on the homelands of
the Shakopee Mdewakanton Sioux Community at the Mystic Lake Casino Hotel in Minnesotar(iVia
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 tédi Nations Framework Convention on Climate
Change. Thdeclaration 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 loweringcarbon footprint, among other topics.

Over 20 people served on a technical team for Indigenous pe@plesivement 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 repof@oastal Louisiana Tribes, 20R2ley, 2011; Souza

and Tanimoto, 2012). There were also Indigenous regional reports and media created outside of these
workshops (Blanchard, 2013; Redsteer et al., 2013; Ojirah,&2015). An author team was developed

that synthesizedhe information provided by the technical team, resulting in ME@A3hapter 12,
Indigenous Peoples, Lands, and ResoyBesnett et al., 2014).

The efforts leading to NCA3 coincided with iragi@g Indigenous leadership in climate change

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

National Center for Atmospheric Researofanaged byhe University Corporation for Atmospheric

ResearchlYf CAR)began hostinghe Rising Voices Center for Indigenous and Earth Sciemoies is

jointy ¥ dzy RSR 06& GKS bl aAaz2ylt hOSI yA O)QffigeRor Coastalk a LIK SNA O
Management. Rising Voiceseks to bridge diverse worldviews on @i@ change, with an emphasis on

Indigenous knowledges. The Indigenous Peoples Climate Change Warsinmcontinued to hold

studentoriented events engaged with saiific and other climate changssues (Shepherd, 2016). A

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

an interim synthesis between NCA3 and NCA4 (Ne®mith et al., 2016). The®DS2f 2 3A Ol f  { dzNIJ!
Climate Science Centers (now Climate Adaptation Science Centers) establisheddigem® s

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@11 and focused its supparh Tribal adaptation planning, training, data
RSOSt2LIYSyids YR £ SFRSNAKALI Sy3arasSySyidao ¢KS 5SLI N
Change and Natural Resource Science included members representing Indigenous peoples and

Indigenous issues. BR014, the committee published a report with a prim&jmate Change and

Indigenous Peoples: A Primand a guideTraditional Knowledge Guidelin@dorishima 2014; Climate

and Traditional Knowledges Workgroup, 2014). By 2014, Congress appropriated $10 million and
adzZLJIL2 NI SR GKS . L! Q& ¢NRokf /EAYIGS wSaiaftASyOS t N
its support. A special issue thie peerreviewed journalClimatic Chang@®cusedon 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., 2082016, USGCRP produced a synghesi

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 héalln 2016, NOAAstablished a 1Bnember 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 Indigertaied 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 Peoptdgmpter features an interactive map of Tribal climate change initiatives,
primarily supportel 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 overdDO entries of Tibal resilience actionsSimilar to NCA3, there was
considerable effort to get input anchgage Indigenous peoples andbil experts throughout the U.S

and its territories through regional workshops, engagement at major conferences, webinars, focus
groups, minigrants for communig meetingsand publicizing of the opportunities for public review
throughoutTribal 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) aachrough 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
AYF2NXYIEGA2Y 6SAy3d AyOfdzZRSR Ay (GKS LINPINI YQE NBLERN
aaaSaavySyid 6.dATSNISG fdX wanmoYuTy adGFdiSRY aG¢KS b
engagement in future assessments and include Tribal engagement as a metric of success for ongoing
STF2NI & ¢
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Chapter 2: Wrldviews, Knowledges, & Social Impacts

Worldviews, Knowledges, &d®ial Impacts
Key Messages

Chapter Lead
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Indigenous peoples have their own systems ¢
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 understanditigat all
things are interconnected.

Legacies left by colonialism in economic, soc
environmental, and educational systems havq
altered lifeways, traditions, practices, custom
and values of Indigenous peoples, influencing
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Recommendation

Climate change policy and climate science fields
should respect Indigenous selétermination in
governance and knowledge exchange. Indigenol
peoples should be conkad meaningfully from the
earliest stages of policy and research developme
Legal, policy, ethical, and cultural best practices
and requirements should be followed to make
consultation meaningful.

Indigenous Worldviews, Sovereignty, and Climate Change
CtKAad aSOilAz2y aSS1a (2 LINRPGARS a2YS 2F GKS 3ISySNI f
sovereigntyandintends 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 peopland 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 expressegtthaoguage,
practices, ceremonies, traditions, educational programs, mentorship bonds, and kinship networks (e.qg.,
clans, lodges) (see, for particular examples, Trosper, 2009; Menzies, 2006; Kimmerer, 2013). Today,
Indigenous peoples also commonly emploethods 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, procedyrasd protocols as setfetermining sovereign
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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 lawsdpolicies, including treaties, statutes, and
agreements that set forth rights, requirements, obligations, duties, and responsibilities.

CKSNBE INBzZ 2F O2dzNESZ Ylyeé RAYSyaAzya 2F LYRAISy?
semanticinadequai Sa 2F (G KS @S NdithoupiSIhdigendug pedldefRarerdiBaisa d ¢

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

overlapping dialogue among many Indigenous people about how Indigenous cultistesiels, 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 reghing this overlapping dialogue and provide a snapshot of some of the

relevant literature.

Ly GKS | o{ ¢Zt0d@RSSHNFIYSFNY NBY G GA2yaKALE Aa | GSN)Y d
relations with the U.S. federal government and to set forth extattons 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 federakygognized Tribes and the U.S., the exercise of Indigenous
soveSAIyie Aad GSIKSNBR (G2 | o{d a2gSNBAIyGes gKAOK A
- yIEGA2Y ®E

LYRAISYy2dza LIS2LX SaQ RAOSNES ¢2NI ROASga yR aecaidsSy
change adaptation and mitigation, informingwidhey 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,avating within the bounds of treaties, acts of

Qongress, 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 envirental change, whether changes are seasonal,
intermittent, or longterm. Ancient stories kept by Indigenous peoples tell of social and environmental
disruptions and convey lessons learned from the observations, experiences, and responses of their
ancestorqTherrell & 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 languadesligenous 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 Idgcles, 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, &l Dh et

al,, 2021, for example). Indigenous knowledge is often arttealahrough 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 titested knowledge systems. Indigenous peoples have
depended orsuch 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 experiencesotiaatmrecognition 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 gslacebased, 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 tésvaway from their

homelands (see Carroll, 2015).

LYRAISYy2dza LIS2L) S& &a2YSUGAYS&E NBfe dzll2y 9y3IfArak fI
2N aFff 2dzNJ NBfFdAz2zyaég G2 GNB (G2 02y@Seé GKS AYLRN
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 Intgs 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 treatiesh&ind

assimilative education, territorial trespass, cultural erasure, and the denial of their rightsto 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 athinherent 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 changgeto which some of the material in this repdrears 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 ared, disparaged, and disregarded lifeways, traditions, practices, customs, and values of
Indigenous peoplexreating generational and intergenerational trauma (Walters et al., 2011). The long
lasting effects of such deeply rooted historical trauma malytreoperceived outside of Tribal

communities, but are leading concerns within these communities (E€anspbell, 2008).

Indigenous peoples have, at the same time, worked ingeniously to create legal and policy avenues to
recover and protect their landsd selfgovernment. 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-Belfermination and EducatioAssistance Act

of 1975, as amended (25 U.S.C. 450 et seq.), and the Trib@deifnance Act of 1994 (25 U.S.C. 458aa
et seq.) involve Tribes taking on programs and services the federal government had administered in the
past. Court decisions have lealpartial victories for Tribes, such as the Boldt Decision that affirmed
treaty rights to the fishery in Washington state. Stadad unrecognized Tribes, working without
affirmation of their seHgovernment, have strategically used incorporation as(&@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 bfawaiian Affairs (OHA), a sgtiverning corporate body established in
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the 1978 state constitution of Hawaii (OHA, 2021). kieligenous organizations, such as the Inter
Tribal Timber Council (ITC), have developed strategies for sustainable econo@ie913).

Ethics of Multcultural Knowledge Exchange

This section discusses one of the most prominent issues in Indigenous f&mglagement with major
climate science institutions: the exchange of knowledge about climate change. There are ethésal iss
that must be understood when people seek to braid diverse knowledge systems together. The Climate
and Traditional Knowledges Warkbup developed a set of proposed guidelines for Indigenous peoples,
scientistsand government professionals when workingh 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 \¢fotlp.

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 &4agd2019). 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 Indigenoutesaiiination as
peoples. Based on thegeasons, there are ethical issues that can arise wheAmaigenous individuals
and institutions seek to exchange information about worldviews and knowledge tied to climate change.

These guidelines created by the Wanbup are intended to cover, in pécular, traditionalknowledge 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 Aoligenous climate change initiatives. Traditional
knowledge réers 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 Engiishcan 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 @ommon 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 otheran-human beings, persons, amdtities (ANSC,

n.d.; Simpson, 2000). Whattakes such knowledge traditional is not its age in the Western time system,
but its spiritual origins and relational validitthe way it fits into the First Instructions or ancestral
teachings of the Tribes (Marsd, 2004).

¢KS JdZARStAYySa F20dza 2y (g2 F2NNIGAGS,a®li KAOIf LINA
LYF2NX¥SR /2yaSyiadoé . NRFIRfesx GKSAS LINAYyOALX Sa Sadl
NEBflFGA2yaKALAS® &/ 2y & Shfdminunkhas 2oy doveraande Kdrnis ariiF OK ¢ NJA
expectations that guide and structure how different facets of traditional knowledge are treated by
LYRAISYy2dza FyR 204KSNJI SYdAGASas FyR Y2NB ONRBLIFRt& N
involves he identification and avoidance of risks that could lead to loss or harmful misappropriation of
traditional knowledge (CTKW, 291

Traditional knowledge has been shared most successfully where Indigenous protocols are respected and
followed. However, mut 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). Némdigenous persons must understand that shgriraditional knowledge
may carry risks for Tribeas 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 soluths 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 "traditiokabwledge" is used in multiple senses both

within particular Indigenous peoples and when working with +hesigenous persons, institutions, and
agencies. Some ways that Indigenous peoples use and share their knowledge are more like a kind of
practical infemation, and Indigenous knowledge holders often share the informational aspects of their
knowledge while keeping the spiritual aspects to themselves (SAMHSA, 2009).

CaseStudyTK S { G GS 2F 2Aa02yaiyQa wSaLlSOG¥FdxZ Lyi
The Wisconsin Governor set up the Governor's Task Force on Climate Change in 2019, including t
River Band of the Lake Superior Tribe of Chippewa Indians and staff members from the Great Lake
Indian Fish & Wildlife Commission (GLIFWC). The Task Fasagen to working with Tribes and
bringing in Indigenous knowledges they were willing to share in order to inform the science and ge
policy recommendations for the state of Wisconsin. The GLIFWC spokesperson brought in traditior
knowledges from Gjwe rice chiefs who monitor and interpret the health of manoomin, or wild rice, t
is a sacred and culturally important food. One observation from traditional knowledge, not generally
appreciated by scientists, was that there had once been seven boflieater in the Sokaogon Ojibwe
reservation that had now merged into a single body of water due to increased runoff. The rice harv
has decreased dramatically, to 5% of prior levels. A rice chief with Sokaogon Ojibwe believes this i
to brown spot dsease and rice worm infestations associated with higher runoff from extreme weath
events and increased humidity associated with climate change (Vaisvilas, 2021). These observatio
brought the Task Force to recommend creating a permanent Manoomin (&) ewardship Council
to work directly with rice chiefs from Tribes that voluntarily choose to work with the Council to provi
traditional knowledge expertise to the state of Wisconsin. The state is establishing a permanent
institution that will allowfor the voluntary submission of information drawn from traditional knowledg
that will provide a venue for manoomin rice chiefs to discuss their observations and assessments g
make decisions about what to share with the state. The Council can hopeafigle a test bed and a
way to spread the institutionalized use of traditional knowledges in a way that is controlled by the
knowledge keepers.

Social Impacts on Indigeus Peoples from Climate Change

Climate change has multiple amderconnected 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 (Dagt2;

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 tanchte change impacts. This section must be read with great
care given its coverage of the social layers that are connected to climate change.
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Indigenous peoples have diverse histories. For many Indigenous peoples, the influence of historical
traumasis aprominent 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 oftelinked social detaninants of vulnerability such as low
income, socieeconomic status, lack of savings, lack of information, inadequate housing, chronic
diseases, disabilities, minority status, and linguistic vulnerability (see review in the context of T8OVID
Hathaway, 2Q0). Further social vulnerabilities arise as a consequence of Al/AN resauodcplace

based lifeways (Ford, 2012).

These impacts must benderstoodunder different frameworks. Indigenous researchers have assessed
Indigenous responses to climate chang@auts through the following and other frameworks necessary
to understand them from an Indigenous lens. These frameworks are not exclasd/éhe authors who
worked on this section emphasize that the categories are provisional.

AnIndigenous deaonization frameworlkcan 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 (Armsiro®@g;
Simpson2017; Dhillon2018; Yazzie Riesling Baldy2018).

AnlIndigenous agency framewodan emphasize the governance and decisitaking
dimension of Tribes as agents that actively shape their own destiny through full automamy a
seltdetermination (Aate &Kronk 2013; Maldonado et al2013; Carro)l2015; Chief et a|.

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

AnIndigenous survivance/continuance framewodh focus on the goals of responses that
are more than targeted toward culturalrvival or subsistencas 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 asncestral 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 sirjglacebased histories,
collective identities, and deeply spiritual beliefs, climate solutions often involve negotiations
within their Tribes and with morthan-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 reaad 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). Théibaginjigaadeg Anishinaabe Ezhitwaad Tribal Adaptation Meniliustrates the use of

these kinds of frameworks (GLIFWC, 2019). Anishinaabe peoples of the Great Lakes region assess
adaptation opportunities through multiple perspectives. They assess cliragp®nses using some
common noRnTribal 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 morethan-human beings to adaptnaintain reciprocity and balance, and frame actions in the
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context of cultural calendarsi Tribal Adaptation Menexemplifies diverse dimensions of
decolonization, agency, and survivance/continuance.

One reason why decolonization, agency, and survivanoéinuance frameworks are critical tisat
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 affeted 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 relattbegldo not

just utilize the environment, they inhabit it and maintain spiritaad 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 cernbpistorical, 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 gh 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). Extremtoctiments such as

floods or extreme heat events, in addition to impacts from lorgem climate changes, can harm

health and make activities risky, dangerous, or impossible, e.g., outdoor work and traditional activities
under extreme heat events, harvasg of driftwood during breakup of river ice, or hunting over thinning
seaice (Hansen et al., 2013; Jones et 2015; Sharma et al., 2020). These multiple and sometimes
cascading impacts can interrupt the transmission of traditional knowledge and reordhead 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 pe@pfeastructure, 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 atitkir 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 tlbcate community resources

that are threatened by flooding, sdavel 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 improveaccess to culturally important fish and wildlife. Funding allows Indigenous peoples
to developforestmanagemenplans so that their forests are less prone to drougittuced 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 moaiterall physical and
mentalwellbeing(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$aathiibnal 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, aggation 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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solar power. Rather, they are about empowering the community to restore, revitalize, and strengthen
their cultures, socialvellbeing and political sovereignty. For many Indigenous peoples, it is about
achieving good relationships witerdependence with the diverse nonhumans that share the
environment.
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Fgure 1. Word Cloud using words from the CRCCS Fgure 2. Word Cloud using words from the TAM

Words and concepts matter, and they influence how climate issues are characterized, problematized, prioritized, ai
upon. The spiritual, pladeased, and traditional wordsf Indigenous peoples are valaslen (Donatuto et al., 2020). On
recent project compared the language of two reports, the Cultural Resources Climate Change Strategy (CRCCS),
the National Parks Service in 20a6d the Tribal Adaptation Men AM), written by Tribal and nefribal partners, that
reflected Anishinaabeg worldviews and translated Ojibwe and Menominee words (Oh et al., 2021). Word clouds from
documents revealed differences in worldviews and values in approaching cuiues is adaptation. While there is overle
in the language of the documents (e.g., climate, cultural, change), there are important differences. The CRCCS empt
standard nomenclature of natural and cultural resource management, while the TAM @gmphasizes relationship
through language focused on othitan-human beings, adaptation, and community. See Oh et al. (2021) for a more de
discussion of findings. Graphic source: Oh et al., 2021. Figure numbers are from original source.
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Actionable Science & Collaborative Climate

Planning

Key Messages
Tribes are investing efforts in adaptation
planning and projects to keep their
communities, ecosystems, and people health
In doingso, they are implementing the most
cutting-edge work on climate. Tribal nations
are actively creating climateulnerability
assessments, adaptation plans, and hazard
mitigation plans. Protecting traditional
knowledges is an important part of these
processs.
Locally relevant and regionally specific
information is needed to understand local
climate impacts and develop solutions that
incorporate local, traditional, and/estern
knowledge for holistic solutions.
Actionable science eproduced in partnership
with Indigenous peoples can support Tribal
resource management decisianaking.

Recommendation

Support Tribal sovereignty and sditermination
through Triballyled climate adaptation planning tc
allow Tribes to prepare for climate uncertainty ar
associatedisks. Management decisiemaking
should involve consultation with Tribes early and
often, coproduction of actionable science, and th
incorporation of local knowledge.
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Introduction

The gldal rate of climate change is continuing at a rapid paoel 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 globspme more than others. Indigenous peoples and their livelihoods, in

particular, are affected by climate impac@ETHITA, 2019; Chisolm Hatfield et al., 2021; Jantarasami

al., 2018; St. Regis Mohawk Trj2@13; USRT, 2017). As a result, organizatmdsentities across the
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U.S. are taking collective action to reduce greenhouse gas emissions in order to reduce these impacts
(SteenAdams et al., 2020). Still, the uncertainty in future greenhouse gas emissions is substantial. As
such, differentrepresenttive concentrationpathways (RCPs) are used to model possible future
emissions scenario§igurel; adapted from Voset al., 2017). RCPs capture tHéeets 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 adaption strategies are needed to reduce these risks posed by climate
change.
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Figurel. Annual average temperatures across North America are projected to increase over this century,
greater changes at higher latitudes and @ndhigher C@emissions scenarios (RCP8.5; right). This figure shc
projected differences in annual average fgmatures for miecentury (20362065; top) and end of century
(2071¢2100; bottom) relative to the near present (1€2605) (Vose et al., 2017).

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 climigtes and can be conceptualized through the
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following stages: awareness, assessment, planning, implementation, and monitoring and evaluation
(Figure2). Building climateesilience 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 stéotbd implemented using a
combination of strategies.

Awareness

Monitoring

and Evaluation Assessment

Leadership, Partnerships,
Stakeholder Engagement

Implementation Planning

Figure2. Successful adaptation requires a continuing-nelnagement process. With this general appro
individuals and organizations become aware of and assessatigksulnerabilities from climate and ott
drivers of change, plan, take actions to redulese risks, and learn over time. The gray arcs indical
status of implementing this process with the status reported by the Third National Climate Asses
2014; darker color indicates more activity (Lempert, 2018). In 2021, there are more Tribal projects t
been implemented and some projects that are starting to be monitored and evaluated.

Actionable Science Basegbon Regional and Locally Derivéaformation

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 modetsindividual 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 sidebditled Protecting Traditional Knowledges in Locally Derivadi& so that the
information can be considered in a local context. Observations and knowledge of place are key to
understanding shortand longterm impacts and to supporting decisionaking in the face of

uncertainty. The cultural, social, economic, histdrigf R 3S23IN} LIKAO O2y GSEG 27F
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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 nexind knowledge provided by downscaled models
coupled with a knovedge 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.

Protecting Traditimal Knowledges in
Locally Derived Studies

It is important that the traditional
knowledges of Indigenous peoples [
protected, as recognized in the Unite
Nations Declaration on the Rights
Indigenous Peoples (UNDRIP; |
General Assembly, 2007; Stee
Adans et al., 2020). There ar
protocols that have been develope
to provide guidelines and
considerations (Sloan & Hostler, 201
CTKW, 2014) for collaborativ
research projects. This is particulan
important when using federal funding
from the U.S. governnm, which can
sometimes require that any dats
gathered for a project be shared an
made publicly available upo
conclusion of the project.

Within the Western science paradigm for climate adaptation
planning, there is a strong desire for more fisealed/bcal
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 rare closely resemble the scale of information
observed orthe 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 asupon 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 dcita
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 climatetdi@n and mitigation planning,
because it can bridge the gap between global and local effects (Cooney, 2012), while allowing for
opportunities to incorporate realime and local knowledge and data. Pairing downscaled climate
models with regionally spedifinformation 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, uaefuiglevant, 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 appropriatéor an illustration of this approach that builds on the application
of downscaled models, please refer to the narratbedow titled BringingTogetherdimate Data and
LocalkKnowledge to Regional DownscalBdta 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 decisimaking in resource management that Tribes can
use (Vogel et al., 2016). As a result, actionable science can be perceived as more holistic than current
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goaloriented management approaches. There is not a single manner for developing actionable science,
but Tribes should be consulted early and often when these typesforts are being considered.

Climate Change Planning

Adaptation planning is one type of actionable science that is improved through the use of locally
relevant information derivedrom traditional knowledge. There are opportunities to transform how
adaptation planning is approached and incorporated into existing Tribal planning efforts and documents.
/| SNIFAY SY@ANRBYYSyYy(lf | NSIFA&AX &dzOK tdneprésghtediidzNI f NI &
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 pest 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 anihgrgocess

that will need to occur simultaneously with implementati@welson &Andrew; 2020).

Tribal nations are among the most active entities in creating climate vulnerability assessments (VAs) and
adaptation plans (APs) (see databases createddtjtute for Tribal Environmental Professiorf{ITEP)

the! VAGSNEAGE 2F hNBE3I2yQRTCRMandtHElimate AdddtalioB KnowlddgeI S t NE
Exchange (CAKE) NetwQrA number of Tribes are also considering climate change as they develop
hazard mitigation plans (HMPs), while others hbeen included in stateor countywide HMPs.

Availability of this information for knowledge exchange and resource management is important for
allowing Tribes to builfom the knowledge, expertise, and experiences of other Tribal nations. The
abovementioned 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 HM&®sever, the Federal Emergency
Management Agency (FEMA) keeps records of which entities have finiEMAdpproved HMPs and

which have been funded to do so.

In regard to the VAs and APs, Tribal nations have taken arange of approaches to develop these

types of documents. Some make extensive use of habil#ability models, climatenodeling outputs
geographic information systems, remote sensing, and other technical Western sbiaseg

guantitative data to develop various vulnerability scenarios (USRT, 2017; CCTHITA, 2019; St. Regis
Mohawk Tribe, 2013). Other Tribal efforts incorporate traditidkrawledges, input from traditional
knowledge keepers, perspectives from local subjaetter experts, feedback from their most valued
subsistence hunters and gatherers, community meetings, youth involvement, and other types of locally
derived, placébased data to inform their VAs and APs.

5nstitute for Tribal Environmental Professionals:

http://www?7.nau.edu/itep/main/tcc/Mindmap/TribalAdaptationPlans

6l yAGSNAAGE 2F hNB3I2y QahttpsNFik@ltlimate.ubrégdiledus / K y3S t NB2SOGY
” Climate Adaptation Knowledge Exchange (CAKE) Netinitwk://www.cakex.org/resources/type/document
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HMPs are often based upon templates createdBMA 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
planningprocess 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 ssat 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 theare commonly encountered in Tribal planning efforts, such as vulnerability assessments
and adaptation planning.

Overcoming Limited Capacityhrough Partnership

Tribes are often understaffed and overworkedth a limited amount of time and resources fimcus

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 througmgetions 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 tmesuming, 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 EPé&nViibamental,community
comprehensive, anthnd/resourcemanagementplans (Dalton et a] 2018; Pletnikoff et al., 2@). The

BlAalso 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, ad 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 prdtmss @ribes to create a single
crosscutting 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 climatehange 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 @ortunities and resources available to assist. Collaborations and partnerships
with outside entities can lead to the goduction of relevant and important information. Strong
relationships and trust are necessary to form the basis for relationships leatWwgbal nations,
governments, staff, or intertribal organizations and other existing networks. Some of those Tribally
focused networks and boundary organizations include tnitsl consortia, ITEP, the Tribal Climate
Change Network (University of Oregpand 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 ftgliber research journal may hbe 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 prciig 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 impottanthese 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 collabation and partnership with Tribal nations, see the guidance developed
by the USFS (Steékdams et al., in pre¥s

Conclusions

It is important that Tribal nations can support their priorities in ways that honor their sovereignty and
rights to selfdetermination. Triballyled 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. Collabmgitnerships 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 resaae decisions.

BringingTogether dimate Data andLocal Knowledge to

Regional DownscaleBata to Advance Tribal Adaptation
SAN DIEGO COUNTY i P
ECOSYSTEMS: anning _ .

Climate change is a global phenomenon whose impacts
The Ecological Impacts of Climate . .
Change on a Biodiversity Hotspot 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 deted information
necessary for climate change adaptation planning and
implementation butis more effectivavhen coupled with
local and traditional knowledge. In 2018, the Climate
Science Alliance (CSA) convened a distinguished, bi
national team of ecologts, climatologists, and Tribal
leads to formulate a scientific assessment entiti8dn
Diego County EcosysterisieEcological Impacts of
Climate Change on a Biodiversity Hotsi@ennings et al.,
P 2018). This assessment was the first of its kind to pevi
Z;i’;f;gf”é;‘jﬁggffgﬁ;g Gii”g?’gﬁ;gi“”w regionally specific climate hazard information for natura
Change on a Biodiversity Hotspot” for use by communities in the south coast of southern California.
natural resource practitioners and managers. This document was published as a technical report for the
{GF 4SS 27T FdulthfCinat® Sadge ABsessment
(Jennings et al., 201&)owever, 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 jurisdictiong
boundaries and audiences that included natural resource managemerisialemakers, the public, and
youth. The results of the assessment were synthesized into specific resources that were created for
Tribal and norrribal audiences:




Asummarymagazinevas createdor natural resource practitioners and managers

A summit was heldfor assessment authors to interact and discuss findings with deemsaiers
and planners

Data from the assessment was integrated into a hama$c12" grade science education
curriculum for youth

I Ldzof AO OIF YLI A3y 56AS33 20 NBAH IR R FiSAZG £/ S RAZY Fai{ S
web page andoocketguidetargeted 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 regionatlpwnscaled
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 additichis §#
approach is being replicated by the CSA to suppor
planning efforts for Tribal nations within San Diego
County such as the La Jolla Band of Luisefio India
Climate Adaptation Plan (2019) and the Manzanita
Band of Kumeyaay Indians Tribal Resiliencesy P
(2020). The CSA is bringing together Tribal and no
Tribal experts in a process that equally values all
ways of knowing in the creation of strategies and

“San Diego Wildlife, Climate Change, and You!” Pocket

’ - Guides were distributed to local libraries targeted
solutions. These plans are living documents for the specifically for the public to learn more about the

Tribes that provide strategies and actiahe Tribes  /indings of the regional assessment and the 10 things

have created by building off the information-co they could do to help.

created with Western researchers and managers. These efforts take a holistic approach and integr
variety of sectorsincluding natural resources, infrastructure and economy, health and wss|rend
community and culturethat can evolve through successive updates, be expanded as needed, and g
different purposes over time as deemed appropriate by their respective Tribes. This flexibility and g
to adapt to a range of future scenaripsovides space to be resilient in the face of uncertainty.
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SECTION 2: IMPACTS & SOLUTIONS BY TOPIC
Chapter 4: Epsystems & Biodiversity

The narratives in this chapter illustrate the way
Tribes live and protect their ecosystems and
biodiversity through selietermination as
practitioners of biodiversity conservation and
ecological protection. The Fond du Lac Band of
Lake Superio€hippewdan Minnesota has taken
an integrated ecosystem magament approach
by incorporating Indigenous Knowledge to prote
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 knowdge to
develop a Comprehensive Burn Plan to develop
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
descrigiion of how the forests on his reservation
are dying due to climate change impacts. Lastly,
the Tribal Environmental Action for Monarchs an
Tribal Alliance for Pollinators describe their
partnerships that serve the central U.S. Tribes th
restored theirTribal lands to save the threatened
monarch butterfly A researched overview of
Ecosystems & Biodiversdsy it relates to Tribes
and climate changéllows these narratives,
beginning with the Key Messages and
Recommendation that the authors have idemitifi

Climate Change and Invasive Species on thg
C2yYR Rdz [FO .l YyRQa |
Written by: Christian Nelson from the Fond du
Lac Band of Lake Superior Chippewa

The Fond du Lac Band of Lake Supé&lippewss
community members have a closglationship

Chapter Lead
Kyle Whyte (University of Michigan)

Chapter CeAuthors

Coral Avery (Bureau of Indian Affairs/Affiliated
Tribes of Northwest Indians), Colle€ooley
(Institute for Tribal Environmental Professiona
[ITEP), Karen CozzettdTER, Rob Croll (Great
Lakes Indian Fish & Wildlife Commission),
Maurice Cruz (South Central CASC/University
Oklahoma), Paula Ezcurra (Climate Science
Alliance), PrestoRlardison (etired, formerly
Tulalip Natural Resources Treaty Rights Offic
Chas Jones (Affiliated Tribes of Northwest
Indians), Frank Lak® (S.Forest Service),
Connor Magee (Climate Science AllianBaya
MarksMarino (TER, Haley Mullen (University
of Michigan), Amber Pairis (Climate Science
Alliance), Hannah Panci (Great Lakes Indian
& Wildlife Commission), Belén Rodriguez
(Verité, Doris Duke Conservation Scholar),
Hilarie Sorensen (1854 Treaty Authority),
Alexandria Warneke (Climate SciencéaAte)

Narrative Authors

Elizabeth Azzuz (Cultural Fire Management
Council/Yurok Tribal Member), Jane
Breckinridge (Tribal Alliance for Pollinators),
Darren McCrea (Colville Tribe), Christian Nelg
(Fond du Lac Band of Lake Superior Chippew
Collin SAggs (Tribal Alliance for Pollinators)

Recommended Citation

Whyte, K., Avery, C., Azzuz, E., Breckinridge,
Cooley, C., Cozzetto, K., Croll, R., Cruz, M.,
Ezcurra, P., Hardison, P., Jones, C., Lake, F.,
Magee, C.MarksMarino, D.McCrea, D.,
Mullen, H., Nelson, C., Pairis, A., Panci, H.,
Rodriguez, B., SorenseH., Spriggs, &,
Warneke, A(2021) Ecosystems & Biodiversity.

GAGK OoF LI F3IAYEE] 6t Al InStatus of Tribes and Climate Change Repof 9
YITAYy3 UNBSeéoz Ftaz 1Y [MarksMarino, D. (ed.)institute for Tribal A
for many ceremonial purposeand | Environmental Professionaisp. 56¢80. )
GFFLIFFIAYEEF Q4 dzyAljdzS — (i

56

Q¢ Q)

No

o N
Q¢ Y
(s}



making snowshoes and woven baskets. Many plant foods and meslican be gathered from

baapaagimaak stands. There are also unique macroinvertebrate assemblages and other animals that rely
2y (KS&aS SOz2aeadsSya yR O2yGNROdzGS (2 GKSAN Fdzy Ol
occur within the watershed thaekds 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 Lakdraaantegrated
ecosystem management approach as well as incorporated Indig&moudedge 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 planniray 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.

C2yR Rdz [ F0Q& FT2NBada KIFI@S 2@SN) (dPlossiojastt NE YAt Sa&
transpiratiort where ash trees uptake ground water and release the water through their leavey

alter water tables and surface runpffotentially stressing a watershed already greatly affected by the
judicial ditching that occurred in thearly 1900s. Judicial ditching is the excavation of new water
channels, or straightening and deepening of existing channels, that was done Bartb&sn Minnesota

to drain wetland areas, including forested wetlands, in an attempt to make more landlzediba

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 charetkinto 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. Hardccess locations and small stesides

present a logistical and practical barrier for any possible taogde preemptive or podEAB infestation
treatments.

C2yR Rdz [ OQ& C Prdgeamsinsve collafforated & i fesegidh project since 2015 to
assess the viability of plang norrash trees in baapaagimaak stands vifie goal of ultimately

maintaining the hydrology of these systems in the event of-B8Bced mortality (i.e., keeping forested
wetlands forested). The early and ongoing results of this project and simil&csan the area are

helping guide current and future treglanting 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. Fodhal Lac supports existing state regulations of ash and other
hardwood movement and storage. Monitorin§f@ts are also carried out byur Invasive Species
PNEINIY Ay O2ftFro2NIGA2Y gA0GK GKS | {5!Qa !'tlL{ RAC(
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 Managertfen

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 | 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. | alwhyké 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, tbadwith 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 coordinationnking 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. | told my mom what we were doing in this project. And she said,
son | 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 | said, yes, mom, | do want us to
talk to other people because | think thatisw 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=q9c1KBgzUO00&feature=youtu.be
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Council Meting 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 prgtimuch 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 cambee 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 beeone 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 el 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 warkand 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 Fifthey came up and they helped us with our first burn that we did.
They brought a couple of fire engines and then they brought-maa crew from Alder Camp. And then
also the Yurok Wildland Fire, they helped put the fire on the ground and we burned seesroac 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 goerfect 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 territdfg.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. Dominégoresponsibility 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 ForegtJ.estimoniaf

Written by: Darren McCrea from the Colville Tribe

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. | have Lewy bodyedéisn When | was 15 years old, |

was in a Native youth program and | job shadowed a guy on the Spokane Rez named Neil Abrahamson.
He taught me how to set up logging units. | also planted trees and did some tree thinning for the
Spokane Tribe. A little lat on | bumped knots and cut logs for another company. | worked at a post and
pole plant on the Colville Indian Reservation in Inchelium. And | worked at a little plywood mill, a little
south of the Canadian border here in Washingstate in a town calleKettle Falls. The day before |
presented at the Affiliated Tribes of Northwest Indians Conference on Global Warming at the Northern
Quest Casino, | 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 issudNational Gegraphicthat says we've lost B8 of our insects

from 1990 to 2016The Spokesman Revigwt me on the front page of their paper about them. Let's

see. This is, would be back at the beginning of Sebex and August, talking about thésdppearance,

of the insects. But what | presented at the ATNI conference was that | noticed all the trees dying. |
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. Pineedles are supposed to come on in different parts of the

branch.

% Observed Evidence of Changing ForesfBestimonial https://youtu.be/BOobl8Sehw
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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 | first noticed this in 2014. Last two signs | want ta sbarego out and

| can take a pine needle. | can take say eight of them. | can put them into a bunch and | can start pulling
those pine needles apart in, say, quartech pieces from one end to the other. | can go and | can rake

up a pile of needles witmy hand. And it doesn't take a very big area because of the amount of pine
needles. | can takénat pile of pine needlegut it between my hands and scrunch it ahdn it to

powder. Either that, or | can bunch up a bunch of them and, and pull thent.apar

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 | can pull eight apart, a person wouldn't be@bled@ve with just one.
You cargo out and you cald feel a leaf, say a maple leahd you can feel how mudhinner they have
become. Pine branches asepposed to go straight ound lean down. Not anymore. All theanches
aretrying to become a leadsr reaching for the light. THeses are ding sofastthey don't have time to
shed their branbes. They'ralying from theground up. The trees amdry and brittle, but they look like
they're flourishing.

Darren McCrea (04:38):

It doesn't matter what species;will be showing you exam@ef me breaking saplings, bydu should
almost be able to tie thenin a knot. Prandustrial revolution C@sat at 280 parter million. Todayit

sits at 417. That's an increase of abou¥@(lhe elevated levels of £€feforcing our vegetation to

grow atan accelerated rate. Exmghing has a tipping pointThey're being forced to grow in an
accelerated rate and they don't have enough nutrieaitsl water to sustain themselves using that type
of energy to grow that way. So thanks for listening to what | 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 caustill,
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 needlasd £his 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 Whipulling 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? | guess 2nd of October isn't it, 2020. Pine seeds will germinate during the winter
and they'll come up in the spry 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
Aad GKS ySEG @SIENXY b2GA0S G(KFG 0§ k§daB 6o the dedt G LIN
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 lod like they're flourishing. It doesn't matter what species: a maple tree or a pine tree,
hardwood, softwood, deciduous trees, conifers. Besyou guys.
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Left picture: Two years of growth. Note there are no lateral roots, the needles are losiminthand 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 siaeismmp

Tribal Environmental Action for Monarchs and the Tribal Alliance for Pollinators

Written by: Jane Breckinridge from the Muscogee Nation afdllin Spriggs from the Cherokee Nation

¢ Tribal Alliance for Pollinators

TribalEnvironmental 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 Natiaecdee (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 productionTo 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 wite tiemand. TAP is a new Natiegl nonprofit organization

that unites traditional ecological knowledge with cuttisdge 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 traditionsP@#so 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
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managenent practices created by the TEAM project to create a
conservation model that is transferable across Tribal
communities in different geographic areas.

Ahallmark 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

R‘rloﬁda Sellers, E?blogical Reource
Coordinator for the Chickasaw Nation Cult.  9rOUps. Past
Centerdemonstrates how to stratify native ~ examples of direct
plant seeds to Ryan Herrod of the Wetumk:  technology

Indian Community during a TAP training

transfer to these
workshop.

cohorts have
included native plant horticultural training to the Yuchi
Language Pro, interactive education/conservation
outreach tables at multiple powwows, pollinator plant )
seed cleaning demonstrations for Seminole Nation Wine
grape farmers, and TAP recruitment at the Native A
I 2Ny Kkl 2y 2NAy3 | YSNA O Qa CE
Nebragka. Without TAP, communities such as these wou g
not have access to conservation information produced b§
Native people and tailored for their needs, atost likely
any monarch conservation outreach at all.

A
)

Historic_ally, intertibal coIIabora_ltions on habi_tat Yuc’;i ‘Lgh’g Qégé Project stu dents trans planting
restoration efforts hae been virtually nonexistenthe milkweed as a handen training exercise to boos

TEAM project was groundbreaking in establishing a newtheir language skills.

precedent of cooperation and assistance, and TAP is

building on and expanding those relationships. Participating THhee 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 arique 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 oribd 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 th@ribes 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 valldesharevere 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 benés to ecosystems that are being impacted by climate change.
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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 assistan
in connecting with Native monarch conservation efforts incl@eC, NatureServe, and the Oklahoma
Monarch and Pollinator Coalition.

Partnerships with Tribal colleges create additional

avenues for transferability and lortgrm impact

through the creation of educational programming

that will continue to be used as aucula 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

communitiesin other parts of the state,

: S empowering them to become community

Blane Stacy of the Oklahoma Conservation Commission le - educators and policy influencers. TAP currently

gte': ;fl':? I\/r\]/?)riiizlgr:)r?r;];&?gf r";g?ﬂf‘(fxe INVasive SPEC€ has a multidepartmental pgrtngrship with the
College of the Muscogdéation in Oklahoma and

has received partnership requests from the Fond_da Tribahnd CommunityCollege 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 Ffaz2 LI NIYSNR 6AGK [ |y Dacalg Bfack Uiike@isy Ndttieid € = h {1 f | K
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 butteries as a handen 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, EEaSteawnee, 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, Alabaweassarte Tribal Town, Kialegee Tribal Town, Ponca

Nation, Tonkawa Tribe, Siaee Tribe, Karuk Tribe, lowa Tribe of Oklahoma, Cherokee Nation,

Delaware Nation, Modoc Nation, Quapaw Nation, Kickapoo, Nottawaseppi Huron Band of Potawatomi,
lowa of Kansas and Nebraska, Yuchi, Se@egaiga, and Fond du Lac Bandaile SuperioChippava.

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.coror contact Collin Spriggs ebllin@tribesformonarchs.org
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Ecosystems & Biodiversity

Key Message

LYRAIASY2dza LIS2L) SAQ ¢ 2 Nicéh@in§ o telatibndBy, résgotishility, S
and reciprocity as critical concepts. These concepts may inform Indigenous responses to clima
change impacts. Examples of these impacts include increases in destructive wildfires and inva
species and decrsas in ice cover due to warming temperatures. Indigenous actions to address
climate change are vadtut some specifics include cultural burning, protection of keystone spec
and observation and evaluation of invasive species before deciding how toneksp

Recommendation
LY RA 3Sy 2 dza -detdBrinatibnSad fRactiid®drstof biodiversity conservation and ecologics
protection should be respected and reinforced. This can be accomplished through collaboratio
across jurisdictions; consultation andnsent in the first stages of land and water planning,

research, and management processes; increasing support mechanisms for the exercise of Tri
a2O0SNBAIYyGeT YR GKS NBY2@Ff 2F ol NNASNA
management practies. Special measures need to be taken to provide access to and managem
off-reservation areas to promote the retention of culturally valued species to the maximum exte
possible. This helps to ensure the promotion and maintenance of Indigenousrammdraditional
knowledge systems, livelihoods, meanings, and identities. Where retention is not feasible, med
are needed to support Tribes in making new relationships with newly arriving living beings.

Climate @ange, Ecosystems, and Biodiedy: A Broad Perspective

Indigenous peoples often describe their experiences with and knowledge of climate change in terms of
the responsibilities they have to support thesllbeingof human and othethan-human entities now

and for generations to com&esponsibilities do not refer to actions that take place in isolation.
Indigenous concepts of responsibility are seetmlogical systems approaches to understanding and
responding to climate change. By systems, it is meant that the causes and effdotsaté change are
viewed as functions of interconnected, cressale relationships. Indigenous experience and knowledge

of climate change move beyomdrrowdescriptions of climate change impacts, such as changing water
temperatures in riversindigenous poples often recognize that such a change is exacerbated by
breakdowns in responsibility between human groups to the environment.-Buarerican 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 ewdder 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 Indigenokisowledge leepers to engage with scientists.

Indigenous systems approaches, then, often involve grassroots, battoattivities as responses to

climate change. Systentsvel action can start with families, clans, or lodges and ripple out through
different parts of society. This is different from ethsystems approaches that start with attempts to
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view an entire system from a higher scale (e€gional, state/provincial, national, global) and issue
analyses and recommendations from that vantage point.

Holistic Approaches to Ecosystems and Biodsity

Indigenous peoples approach climate change through seoidogical crossystems concepts, often

dzaAy3 GSN¥a tA1S aflyRé G2 adGlyR Ay ¥F2N) O02YL)X SE a
English, some Indigenous peoples use concepts] S ¢ O02aY2QBAaA2y ¢ a1 AYyOSyidNA
Y6IEGdz2NBZé¢ FY2y3d 20KSNARZ (G2 RSy20S8S aeadsSvya GKFG | NB
Indigenous peoples also use their own words integrated within English language discourse. Margaret

Noodn (2017) discusses the concept of ganewendamaw, which denotes complex caretaking and

responsibility in the Anishinaabe language. Jeanette Armstrong (1998) discusses the concept of

VI 6QIlIAYSAESS o-HEQ0K RBxAGSHI 62§ N @ractioh With daShNaier, 2 T LIS 2
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 knowletligrs have expressed different
understandings of othethan-human entities as setletermining 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 shrimpsome Indigenous

persons as a source of teachings, knowledge, and moral protocols supporting coexistence (Reo & Whyte,
HAMHO® Ly OSNIIAY O2yGSEG&AT LYRAISy2dza LIS2LIX S&aQ N
sovereignty relating to thé&and, 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 ecologyjroate 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 organisralsiding 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 theseepts 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 cimate or socieecological 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.
Reciproity 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 tarttlerstanding 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 cultral, 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 Indigenoudgzeopordinated 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 mutugid protocols to appeal to in times of disruption or hardship
(Trosper, 2002).

Case Study: Beaver and Coho Salmon

One example of the value Indigenous peoples place on relationships and interconnected systems
involves beaver and Coho salmon habit&savers once populated many drainages and were criticg
the habitat quality and populations of Coho salmon across the Pacific West in many coastal riveri
systems. Fur trapping and industrial riverine development for hydrologic modifications (atgr, w
resource impoundments and dams) actively removed beavers from many river systems. Beavers,
significant natural gednydro engineers, promoted and maintained aquatic habitat features, such ag
ponds and backwater habitats in fluvial river valleys thiactly increased the suitability of habitat for
Coho salmon. Coho salmon, as an anadromous fish, spawn in freshwater creek and river system
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
ceremony), politically (e.g., treaty rights), and headtise (e.g., nutritious diet). Efforts by Tribes for
riverine restoration coupled with beaver and@osalmon conservation are understood to be critical
O2YLRySyida 2F || KSIFItGKe Fljdz A0 aeadasSyQa 7 dz
mitigation measures to alleviate the effects of climatiduced drought and changes in precipitation
regimes (Dittbrenner et al., 2018; DeVries et al., 2012). These efforts involved political mobilizatio
leaders, actions by family members, harvesters, and knowledge keepers, studies and regulatory
activities by Tribal and intertribal staff, and partnershipith other actors in the region (Ebbin,
2012).These grassroots efforts start with people taking personal responsibility locally and coordin
with others in ways that provide the basis for scaling up.

For some Indigenous peoples, ecosystem corai&m protects key species for biodiversity while also
conserving key sources of community medicine, food, and cultural actjatied which are tied to
maintaining and increasing the use of language, family activities, ceremony, and other broad&l soci
groups such as clans, lodges, and houseigenous 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. Rded 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 blgnera
times of their life cycles (e.g., mating or breeding), and retaining plant and animal propagules that
sustain populations. This sustainable resowuuse also consciously influences ecological processes (e.g.,
cultural burning, discussed below) that gamve the socigecological system as a form of mutualism
(Garibaldi & Turner, 2004Conservation 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 eneinan

A respect for the aforementioned concepts and practices is crucial in some Tribal aifdilb@in
relationships for environmental problem solving (Reo et al., 2017).

COVIEL9as a Systems Issue

The COVIA9 pandemic is another systems issue that ba understood similarly to ecosystems and
biodiversity. Some Indigenous peoples face severe threats from the pandemic duedgigtiag
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inequalities caused by Eufamerican colonial invasion and settlement, related to access to water,
economic opportuities, 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 panclaffects systems spanning
numerous relationships connecting humans and the environment. In particular, whenanuldnter
family ceremonial or subsistence activities that promote and foster broader-sooilmgical resistance

or resilience are preveet or greatly reduced, adaptive capacity to respond to climatic disruptions or
recovery following climatéinduced disturbances such as storm surges and flooding, wildfires,
heatwaves, and extreme cold weather events may also be reduced.

As one of the gratest 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 histdegakty and persistent socio
economic problems that many Tribes face (Bennett et al., 2017). In light of the Q9@ygHhdemic,

these climatic stressors and their systemic consequences are exacerbated by physical isolation and
digital disconnection, leavinthe 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). COWVIB could be considered the latest example of such an introduced
species. (Other introduced invasive species are discusstepih 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 highpeed internetare not able to access tirmgensitive information on how the

virus is spreading, updates on where to access healthcare professionals or supplies, or access to each
other to checkin on family and friends. For this or future pandemics that require the rieed

guarantine and selisolation, this divide can feel insurmountable. The inability to connect with others

can take a physical and emotional falhd the longer irperson contact is limited, the more individuals

lose the ability to create or maintainsgnse 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 fie 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
FLILJX @Ay3 FANB (G2 SyKFyOS (KS NBraahdicddesburkiggiod 3 NI f
prevention of burning) for ecosystem health (Maikock et al., 2019). Indigenous peoples have a long
history of managing the landscape through their use of burning (Boutsalis, 2020;-Bladkset al.,

2019; MarksBlock, 202D 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 astimagking. Burning can be

understood as a strategy for addressing climate change, as drier grasslands and forests and changes in
snhowpack and snowmelt are connected to less vigorous plants, increases in invasive species, insect
outbreaks, and stangeplacig 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 commomiggantil 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 ofndigenous peoples. In the Paciflorthwest, the United StateForest 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 conceptsranamement between the

USFS and the Tribal governments. Lake and Christiansen (2019) discuss the concepts of Indigenous land
d0S6F NRAKAL)I dzaAy3 FANB a | fFyR YFIyF3aSYSyid G222t o
diversified Indigenous burningpupled 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 fireadapted vegetation, and heterogeneous habitats (mosai@gtlyr reduced the threat

of and impacts of NnoIRS & A NBR GAf RTFANB & dé

An example of the interconnectedness of Indigenous stewardship, biodiversity, and ecosystems is the
coupling of sociecological and cultural fire regimes. Indigenous fire stewardshipcesest 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,ral spirituatritual obligations of having fires that increase resilience, diversity,
productivity, and functionality of firelependent plants, fungi, and animals that are highly valued Tribal
resources. From Indigenous perspectives, the use of fire adiffieeent ecosystems among varied

habitats in response to climate and so&ocological processes is and can be human services for
ecosystems and associated species (considered as relations). This stewardship approach can increase
and promote species divatg, resistance or resilience among habitats and between species (reduced
fuel loads and vegetation continuity, fostering drougblerant fire-adapted species), and so€io

ecological systems. This can help moderate or buffer against extreme events thateke range of
variation (e.g.natural fires or lightning being sporadic resuit more intensive fires, compared &n
intentionally culturaly burned area that moderates the intensity and severity of future fires), climate
induced disruptions (e.gintentional 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 drougtiblerant and fireadapted), and Eurdmerican coloral modification of
ecological processes (Lake & Christianson, 2019; Lake et al., 2017; Norgaard & Tripp, 204821 ake

Impacts on Ecosystems & Biodiversity Experienced by Tribes
The following sections describe some of the general and specific imfmaetosystems 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 resourcesdiéable (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
phenolodcal shifts that make resources less availaislavailable at times outside of a legal harvest

window orcandisrupt ecological interactionsesultingin ecological reorganization and changes in

species composition. This can lead to "biocultural hysistehie to interacting biological, ecological,

legal, social, and other historical constraints, resulting in disruption of Indigenous hoatare-social
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relationships and limiting capacities to adapt (Billiot et al., 2019; McKinley et al., 2019; Lgler et
2019).

Increasing Temperatures

While ecosystems on Tribal lands throughout the U.S. are experiencing impacts from climate change,
one example is in the upp&iidwest (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 tyietstyori

hunt, fish, and gather offeservation in the uppeMidwest Ceded Territoriesind these treaty rights are
directly threatened by climate change and its effects on culturally important beings. Increased air and
water temperatures will stress northe animal beings such as wood turtle, moose, American marten,
snhowshoe 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 cedaghbeador 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 Ted&@19), such as the modeled northward shift of suitable
habitat for sugar maple (lverson et al., 2008).

The Great Lakes, a resource vital to many beings in the igjkvest, including human inhabitants in

the region, are also experiencing warming, efhcould threaten the habitat and existence of many,

make thelakes 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 a
imperiling the entire food web of the Great Lakes, including ndgie trout (Folger, 2020; Treat et al.,
2020). Tribesnithe region, as well as inteibal agencies, have begun adaptation planning processes
together with other efforts to record vahble 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 ecosystemshafting, special measures need to be taken

to provide access to and management of$ervation areas to promote the retention of culturally

valued species to the maximum extent possible. This helps to ensure the promotion and maintenance of
Indigenouseconomies, 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 beingollaborative efforts and initiatives tveeen crosgurisdictional 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 anthropigelimate change. The recebdeaking

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 towildfire inception during extreme wind and storm events (County of Santa Clara Emergency
Management2020). This pattern is only expected to worsas climate change will continue to

increase the number of extreme fire days by 2100 (Goss et al., 2820j.0ctober 2020Californiawas

on track for another record wildfire seasomith over four million acres burned (Freedman, 2020). In

2012, the California Public Utilities Commission ruled that energy companies can turn off power during
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high wind event$o avoid wildfire. This often leaves alrcommunities, and many ruratibes 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 criticabstiucture and care for elders and
others who are at increased rigdRenewable energy development, microgrids, transmission
infrastructure, and other associated infrastructure in rural areasld help reduce these risks to Tribal
communities (se Chapter6: Economic Development: Renewables, Sustainable Economies, & Carbon
Offsets andChapter 7: Energy &Just Transitiofor more on energy developmén

While climate change is directly exacerbating extreme fire behavior, a history efippression and

loss of Tribal sovereignty over land management practices has removed fire from its ecological role on
the landscape (Norgaay8014). Historical fire regimes throughout the southwestern U.S. (with
presumed mean fire return intervals oftd 10 yearsaccording to the LANDFIRE database) were
disrupted through EurdAmerican colonial settlement of thé&/est, arrival of the railroad, and a national
policy of fire suppression. In Alaska, wildfires are becoming more frequent and severe as afresult
climate change (Woo et al., 2020).

As a result of higlseverity 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 runoffand 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 notestsfobut as shrubland.

Ecological disturbances like wildfire are increasing ecological transformation throughdsiutievest

and threaten already declining snowpaatater resources (Keyser et al., 2020).

At present, the Tulalip Tribes and the Swindmlisdian 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 tbkamnatic 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 wildlandurban interface. These research results will inform USFS Forest Plan revisions
and National Park Service (NPS) goetplanning under a warming climate and guideaed postfire
adaptive management by the NPS, USFS, Bureau @iMamagement, 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
OA2RAGSNBEAGED® hTGSY aAy Jlataho®Be idtrod8ddon Sstablisimant, | G S NI
and migration of a species that was initially not Indigenous or native (i.e., exotic) disrupts the integrity of
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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 concerningalied invasives which may be

held simultaneously within a community. Sor@nceptualize species as "nations" having their own
sovereignty, and species new to an asganot treated as invaders butther 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)ightful and respectful relationships with othénan-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 refgse tifneir 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 soedgological system (Reo & Ogden, 20I8)js approach then

mobilizes multiple ways of evaluating a newly arrived potential relative, including cultural knowledge,
rather than immediately engaging in the eradicatiorttué 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.
Same 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 & V@e@008). 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 at., 2019).

Some scientists have voiced concern that taking cultural concerns into account, such as through
AYO2NLIR2NFGAYy3 (GKS 02y OSLIi 2F aOdzZ GdzNIF £ 1Seéeadz2ysS
environmental, biodiversity, and economic harms asated with invasive species and claim that there

is insufficient evidence that it is effective (Garibaldi & Turner, 2004; Nufiez & Simberloff, 2005). This
criticism itself fails to recognize that Indigenous peoples often follow the same policy presaipfion
scientists to evaluate invasive species on a4Bsease 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 mgeaent).

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 wevsisécies 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, thaaase 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 culturakcdrnise 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 & Voeks2008). For instance, in the southwestern U.S. tamarisks are replacing culturally
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significant willows and cottonwoods. In the Pacific Northwest, escaped farm Atlantic salmon are

competing with and transferring diseases to the native, wild salmon, threagespiritual and cultural

practices and identitiesAnother 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 v quality, and may be more adaptable given industrial modification of the
NAPSNDRa KERNRf23IAO0 ySig2N] 6t SGAOK SG Ff®d®X HawnT

Dibaginjigaadeg Anishinaabe Ezhitwaad: A Tribal Climate Adaptation Menu

CKSNE Aa y2 gle& @2SONSyat A\y82arAyRBaEXAFSSE! o
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were given original instructions by the Creator. Beings that havaddahemselves outside thei
original community are still acting according to their instructions, but their actions may ng
balanced by the other beings in their new communities, in some cases causing disruption to the
function and health of an esystem. The Menu recognizes this conflict and suggests that cli
adaptation may require respectful actions to minimize or prevent the establishment of bakaan
gaaondaadag if they pose a threat to the health of the local environment. Culturppyoariate
approaches and tactics include not only physical and biological control, but also resf
observation, seeking traditional and cultural knowledge from areas where beings may be nati
the creation of new reciprocal relationships througifremony and harvest.

In the western U.S., American colonial settler fire suppression policies combined with a decline in
Indigenous land tenure have disrupted sceeimlogical fire regimes (including Indigenous fire
stewardship). This has contributed toetlexpansion of some conifers and hardwoods, as well as other
vegetation invading formerligurned habitats that hosted many figependent plant and animal species
on which Indigenous peoples rely (Huntsinger & McCaffrey, 1995; Keeley et al., 2010). 8athgequ
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 climatenduced drought (Knapp etl., 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. Congelurde impacts on the
guality 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 desedian 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 relatimssivith and reverence for species
and places are diminished or lost and not passed on to younger generations (Pfeiffer & Voeks, 2008)
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Responses to invasive species and climate change

The Indigenous focus on relationships and responsibilities increagestaveespond to invasive species
when compared tdVestern methodologies. For instance, while some species may be considered
culturally impoverishingeading to cultural erosion as described above, other invasives might become
used in culturally enrichingr 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. Inagasge

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 coibiite 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 protieg 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 ardeldtives

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
function while the habitatisbeing OG A @St & NBAG2NBR® Ly &adzOK | Ol aSxz
82dz2NJ NBf I iA2yaé A& SYONI OSR I'yR SESNOA&ASR o6& yz2i
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 respwithaifferent species

within ecosystems moving at different rates. Species may disappear from some regions and move to
others or may become extinct. New species interactiand ecological communities may develop with

no prior precedent, further challenging and complicatigstern 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, andd oESea Ice

5SANIRFEGAZ2Y 2F il a1l Qa LS00 e MRektivelyn&tdailyocclrdng S NI &
warm climatic cycles, but that has accelerated substantially due to climate change in the 1900s and

2000s (Jorgenson et al., 2001). Thegmdation has led to loss of ecosystem services, conversion of

dominant terrestrial landscapes to aquatic or wetlatyge classifications, and the alteration of

subsurface hydrology (Jorgenson et al., 2001).

Glacial retreat, which occurs whenever maifiof 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 previouslgosered becomes exposed, while rpisea

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 retreah@ sea level rise. Additionally, the isostatic rebowdich is

the rising of land masses once the weight of an ice sheet is removedytheast Alaska has the highest
measured rate in the world: the community of Yakutat has a measured isostatic rebatenof 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
baseddiet than other communitiegseeChapter 5: Health & Wellbeipgrhe 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 lecBlar(idl 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% (d.). Both scenarios will gregtimpact 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 susteffdacksMarino, 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 preémce 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, gsqaisure, and

more risk for these animals.

Inupiag and Yuik 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, thér distribution, and their behaviors, as well as the efficacy of the hunting methods they
have used for generations (Huntington et al., 2016).

Alaska Naties typically use snowmobilesd fourwheelers 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 (Mdksino, 2019), making winteirne

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 protetion 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, watégindridto 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, @per 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 ard/esternknowledge) 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 amadnzinity, 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 implicafomthe
environment. These approaches are appliediol climatic disruptions that result in degradation or
damage to valued spees used for resources, tocalized observations of climaticduced ianges to
species distributions, do seasonal or annual movements in rédat to ecological factors, be ¢y
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 Hur@and of the Potawatomi
of Michigan speak to the challenges and solutions Tribes
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 ho
they actively sought solutions to imementing a complete
network of air monitoringA researched overview 8ir as it
relates to Tribes and climate chanipdiows these
narratives, beginning with the Key Messages and
Recommendation that the authors have identified

Kootenai Tribe of Idah@\ir Monitoring Equipment
Written by: Carol Kriebs, Environmental Directqr
Kootenai Tribe of Idaho

I have been working with the Kootenai Tribe of Idaho sinc
July 9, 2018, and inherited an air station with equipment
that was 20plus years old. Theneere many things that
needed to be replacednd priorities had to be set on how
to begin. The first year the deck was replaced; the wood
constructionhadmade it unsafe for people to walk on due
to rotten wood under your feet. | was able to move some
funding around and replace it with a corrugated metal
platform. This allows snow to pass through the platform a
gives staff a slipesistant surface, as well as longevity for
many decades.
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In 2019, our sensors and equipment began to fail. Due to

COVIR9,6S KIFIR (N} @St FdzyRAy3d GKIFIG ¢layQid aLlsSyidsz az
to buyanew data logger and wind and temperature sensors. The data logger was so old that this model
gl ayQia S@Sy o0SAy3I ASNIAOSR eltheanthhhaBathappdaddyMyA y 3 L
nephelometer (PMs 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 replacerants, but conversations with the Idaho Department of Environmental Quality

(IDEQ) led to them sending us four akephelometers that they had replaced. We found one of the four
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that was still working. | did some research and found out these
units are being phased out. IDEQ has also loaned meSamipler
SO we can céocate, since no one was sure how long the
nephelometer would last, givingsittime to find funding to replace
our nephelometer.

Equipment failure is happening all across Indian Couatrgt
additional funds are greatly needed to be able to, at a minimum,
keep equipment running and in most casesipgrade. The
National Tribal AiAssociation has reported this need for many
years in theStatus of Tribal Air Repdd EPA leadership, and still
grant funds being allocated to Tribal programs continue to G
decrease. It is my hope that this article will shed new light on this Kelby Sullins from the Idaho

issue and help others to build partnerships with their states, for ~ Department of Environmental

gAGK2dzi GKS FOHLIBKSTYRRERYOa Qualtysettingughe portableair 1§ g 5§
been able to monitor through the smoke season. monttoring station.

b2G0F ¢ aSLIIA | dzNBY . FYyR 2F GKS t2dGFglGd2YAQa
Written by: Amy Boetcher, Environmental SpecialisiNottawaseppi Huron Band of the Patvatomi
" . ; il 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
componentsof our program with EPA GAP
funds and the rest with Tribal general funds.

Google Earth

Non-Tribal land located about 9 miles from Pine Creek NHBP is concerned about pollution from area

Reservation in Calhoun County, Michigan, showing industrial sources, particularly activities relating to land

farms (circled in or.ange) and oiI/ga.s wells (circled in yellow). use on and near local farm operations. With

There were zero oil/gas wells here in 2013. . . . ) .

few exceptions, Tribal members live inucdies

with at least 40% (and as much as 80%) of land use in crops and/or areafhithit?0 miles of
industrial farm operations (the Reservation is within five miles of three industrial farms). The Pine Creek
Reservation lies within the St. Joseph Riatershed, 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 dctie 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 allo monitor the potential impacts on our air.
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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 Heal
& Human Servicesi®at LakesIntegratedSciences and FeEie——e
Assessmentseports that one of the top five climate e
related health concerns in Michigan is respiratory
diseases. According to Johns Hopkins Bloomberg
School of Publitlealth adverse health impacts linked -
to PM include development/exacerbation of chronic
lung issues, heart attacks, and hospital admissions a
ER visits for heart and lung disease, among others. |y Streetview of arural oil and gas operation in

addition, PM is known to cause morekssfor elders, Calhoun County. Michigan.

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 F increase in average annual temgkerre. We do not know what intersectional impacts
climate change might have on PM pollution and Tribal member health.

B

PREVIOUS STEPS

In our first year focusing on ambient air (2018), we identified our generic concerns. They include: 1)

Tribal member healt, and 2) area sources of PM from agriculture. We started exploring how to perform

an emissions inventory (El) to create a formal plan of action. We utilized free online trainings, guidance
documents, and the Tribal Emissions Inventory Softveition(TEISS) to get oriented, particularly the

Inventory Preparation Plan vamd. We also read about the $28rpleAir monitor, known for its robust

dzaS Ay [/ FEfAF2NYAlL (G2 RSGSOG ta FTNRY gAftRTFANBad 2S5
citizers 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,

commercialgrade sensors used by EPA.

One challenge we fadn understanding local PM conditions is a lack of local monitors. Of the 68 PM
monitors currently operagd by the state of Michigan and Purplefahout80% are in its southeastern
counties. PM can vary from neighborhood to neighborhood, so local sogeare important.

CURRENT AND FUTURE STEPS

PurpléAir 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 havgaced our first ofReservation 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 TribakRurpionitoring
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network on an NHBP Environmental Dashboard. The Dashboard is a website for Tribal mgntbatsh
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
assassment 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
pollutantsof interest, and how to incorporate them

into the index.

GOALS FOR DATA

Pine Creek Reservation Tribal homes pictured just ¢ .
of an active ag field. We are curious what the In 2020/1, we plan to expand our screening of

prevailing winds blow onto the Reservation. neighborhoodscale PM levels by placing PurpleAir
monitors in other counties with an NHBP presence. Our-teng goal is to be able impact policy
relating to sources/impacts of particulate pollution that will help improve and/or protect our
community's air in an everhanging climate.
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Air

Key Messages
The federal government must uphold Tribal sovereignty, authogityg cemanagement rights
for air quality management. Impediments to exercising sovereignty could be removed. For
example, Tribes should be allowed to perform traditional-prevention activities on their
lands, such as cultural burning of tlemdscape 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 fg
are believed to impact rates of matity and morbidity from COVHDO.

Recommendation

Fully engage Tribes as-magulators 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,
does addressing underlying causes of environmental, social, and health inequalities and injust
with the full participation of Tribal peoples.

Spiritual Foundations of Tribal AiRelated 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 petyglégwind 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 tuhl 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 relatioagkipmerer, 2015;

Krakoff, 2008; LaDuke, 2016).

Tribal Sovereignty and Air Programs

Tribal sovereignty refers to the rights of American Indians and Alaska Nativesgowaifance, as

recognized in the U.S. Constitution. This concept recognizes thse fovereign 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 ifiatives. The 1984 EPA Indian Policy recognized the unique sovereign status of Tribes.
The Clean Air Act (CAA) Amendments 8301(d) of 1990 established a Tribal role in implementing the CAA.
The Tribal Authority Rule (TAR) in 1998 recognized the rightbefsTio 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 paticular Indigenous peoples, who should be consulted directly on these issues.
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and reeive longterm 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
guality on the 39 reservations in the region in tHesance of Tribagpecific regulations. In 2011 the EPA
promulgated the Federal Indian Country Minor New Source Reviewwhileh 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 0f 2000 requirelSS RS NI f | 3 Sy OA S A tatioreandSGo@dinatiSn withyIndian T2ibala dzt
Governmg’ (i duiEhér acknowledging the importance of Tribal contributions to air quality

management.

As of 20D there are 124 Tribes with either §103 (project) or §105 (program) air quality funéfimgany

Tribes conduct air quality activities throughdian General Assistance Progfa(iGAP) work plans and
funding. Tribes use 8103, 8105, and IGAP funding for neuftijrposesfrom conducting indoor air

guality assessmentndcompleting 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.

¢tKS blFGA2Y It ¢ NNDAARODStatdEof TEbal AiORepai® AR )oMIimes 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 onigli Tribal funding amount of $11 million (1996) would translate to $31
million if it kept pace with increasing health care costs, or $i@llion if it kept pace with the rate of
inflation (NTAA, 200).

Air Impacts and Tribal Vulnerability

The U.SDepartment of Health and Human Services Office of Minority Health (2018) has shown that

American Indians and Alaska Natives (Al/AN) have higher rates of disease and lower life expectancy than
Caucasians, often from diseases that can be connected to higls lef fine particulate matter (PM)

(such as heart disease, cancer, diabetes, and s{id&ee et al., 2019 as well as to lower incomes and

geographic isolationSee narrative titledd 2 G G | ¢ A SLILIA | dzNBY . FyR 2F (KS t
Matter Monitoring Programin this chapter for an example of particulate matter emissions and the

impacts to human healthAnNTAA white papé? states:

Studies have also been conducted specifically regarding asthma and AI/AN children.
We know that AI/AN children have greater incidence of asthaeparoximately 13%
compared with 8.6% of children of r&WAN descent) [Brim et al., 2008]. Health

U¢KS braGA2yFf ¢NROFE ! AN ! ahi®Odwv.dtdaiva@idorg{sttksif-tzal-aa-F ¢ NR 0 | f
report/

12Indian General Assistance Progratips://www.epa.gov/tribal/indianenvironmentalgeneralassistance

programgap

Bpel1Qa 2KAGS tFLISNIS5SGFATtAYT GKS {OASYyOS YR /2yySOih:
https://secureservercdn.net/198.7.233.47/7vv.611.myftpupload.com/wpontent/uploads/2020/05/NTAAsS
2020:White-PaperDetailingthe-Scienceand-ConnectionsBetweertAir-PollutionTribesand-PublicHealth.pdf

86


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

disparities such as poverty and inadequate access to respiratory care impact AI/AN
children with asthma that live on reservations, and environmental chaksgch as

both indoor and outdoor air pollution compound the problem [Lowe et al., 2018]. More
Al/AN people use biomass for heating and cooking than deAh@N people (in fact,

89% of families on the Navajo Nation reservation do), elevating the lef/bistio
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
activitessuchast2 8 S f A4GSR Ay (GKS b20GF 6l aSLILA | dZNR Y
agricultural development leading to increased windblown dust, pesticides, and herbésdes!l a®il

and gas wellsjre located a safe distance from Tribal lands and thiseSrhave robust air quality
monitoring programs could reduce the prevalence of air pollution related diseases.

by R

TheCOVEmdp LI YRSYAO KFa RAALINBLENIAZ2YIFGSt@ AYLI OGSR

persisting racial inequity have contributed 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 COMIBD | Y2y 3 (GKS ! Lk! b LJ2 Lz I @

al., 2020, as cited in Sequist, 2020). An increase in GOA/tbntagion and mortality has been

correlated with both longand shortterm exposure to air pollution (Comunian et al., 2020; Wu et al.,
2020). Climate change is exacerbating and amplifying theiséireg vulnerabilities and other social
determinants of health, which include economic and social conditicngh as income, education

levels, discrimination, and health care access and qualtigt influence a wide range of health
outcomes. Given the disrities in health outcomes for Tribal communities and the emerging
connections between air quality and COMI®risks, more research, improved air quality, and a focus on
addressing social, environmental, and health justice issues must be undertakear@fenDisease
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 drogght part by increasing the amount of dried vegetation
available to provideuel. As shown ifrigure3, the number of acres burned in wildfires has a clearly
increasimg 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 BMconcentrations have been shown itacrease respiratory and cardiac
illnesses, particularly in sensitive populations (Edwin & Mdélders, 2018). Polycyclic aromatic

hydrocarbons (PAHSs) are naturally occurring chemicals in fossil fuels such as coal, oil, and gasoline and

are alsoproducedwhefi2 3 aAf FdzSta 2NJ g22R3X 3IFNDIFISET 2NJ G20tk O

greatly increase the amount of PAHs containing Péhtering and transporting throughout the

FGY2ALIKSNBE O6YNI YSNI S Ft o wnuwnz FNRBY bl & NNE S

Thisincrease in Pisand other air pollutants caused by wildfires that are increasing in acreage and
duration from climate changeleads to an increase in indirect mortality. A recent study on the
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consequences of a spike in PMxposure by just 1 microgranepcubic meter (ug/rd) for just one day

f SR 2 andcd I RRAGAZ2YIE RSI (K& -daySviitiow that spand tfie St RS NI
RFe 2F GKS AyONBlIraS [IyR GKS F2tt2¢gAy3 G2 RI&a¢ o
peopleat large, as stated aboy@&ribal peoples experience increased deleterious health impacts for a

wide variety of reasons. Concerningly, analysis suggests that in interior Alaska, levels cAisdd by

wildfires in the month of July will increase byarerage of at least 20 ug/n® by the year 2047 due to

climate change (Woo et al., 2020).

Acres Burned in the U.5. 1983-2019
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Figure3. Acres Burned in the U.S. 198819.Data source: National Interagency Fire Center

In 2020, like in many recent years, dfites 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. Alaskbheawestern 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;ebe 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
guality from wildfires in recent years:

Among thellwestern states, all 215 Tribes experien@tJA a2 RSa 2F G0 KXxO1l RSya
32 ug/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, whidls 105,000,000 acres. (J. Payne, personal communication,

November 18, 2020.)
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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 weelobéQ

their air quality index (AQI) registered in the 400s to 500s with spikes up to agaea8 for

PMsfor 10 days straight (for reference, an AQI of §0m?3 or above is considered

GKEFT I NR2dzaé 0 @ 6. @ alO/ ldzAKSes LISNE2YylIf 0O2YYdzyA
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 hadwhiest air quality impacts since

2008. They measured AQIs in the 3@D400s 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 Confedated 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 unhealthyntesithy,

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 hehlof the land and its people (Boutsalis, 2020; MaBkack, 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, anditptehwildfires 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 preventventual 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 benefitoaig many that exemplifies the interconnected
relationship with theEarth that is integral to Tribal culture€SeeChapter 4: Ecosystems & Biodiveryity

In addition to clearing undergrowth, dead leaves, tree limbs, and other debris, Tribes may engage i
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 fidlelps control pests such as mummy berry, flea
beetles, and spanworm (Fater, 2028hme seeds, such as those from certain pine species, cannot be
released from their cones without firé&ational Geographijan.d.). Burning also returns nutrients to the
soiland allows additional sunlight to penetrate forests, supporting new growth Soils can be

impacted by climate change through changes in temperature and moisture patterns and by erosion
caused by frequent higmtensity precipitation events (Hamidoy 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 gr@d&mdford, 2003) Increased
populations of small mmamals provide food for raptordd,). Wildfire smoke appears to have a cooling
effect on water temperatures by blocking solar radiation, benefitting -eedder species such as salmon
(David et al., 2018).
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While cultural burning activities have been praetidchroughout 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 burfuono, 202) (See als&hapter 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 sa@aata Ana or Diablo winds are exacerbating
wildfires by drivinghem or by leading to the failure of electrical infrastructynghichcanignite

extreme fire events and contribute to drying conditigtisereby heighteringdrought impacts. These

dry windshave been documented to drive fire and smoke across large landscapes, knock down power
lines(causing mass blkouts), spark wildfires in backeintry settings, and heighten the danger of fire
ignition. Urbanization, particularly in southern Californiatspoiot 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 reeledping began, according to data from CAL FIRE,
while the Crek 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, persomahunication, 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 delivey. 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, changeésdnwil have an impact on

CNROFE O02NJ IFye2ySQav L) (Syesmls@hapsr 65 BcghBmicDgvsldment: RS @St 2
Renewables, Sustainable Economies, & Carbon Offsetiscussion of wind energyotential on Tribal

lands)

Extreme Heat and Huidity

With climate change comes increased heat in most locations. In the U.S., the past five years have been
the hottest years on recorand the year 2019 completed the hottest decade on record (Climate

Central, 2020). Many Tribal people work outdoorsettings 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
heatstroke or other heat related health problems, particularly in southern areas of the country.

In places like the Four Corners Region of3gthwest, trends indicate the largest increases in
temperature are occurring in the winter minimum temperaturesmgaer 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 olesvations 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 thogeagcess 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, foodreignty, medicines, and other

traditional practicesMore than30 ozonesensitive 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 livedaireathe. 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 fateifdg@untain Ute

Tribe, 2020).

Rising C@evels 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 mple 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 thdidwest will allow for increased survival ofgis 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 cheal&ri® & McCullough, 2006). (See narrative

titled/ t AYFGS / KFEy3aS yR LY@FaArA@dsS {inOfapter@:FEcodygtem$& S C2y R
Biodiversity) The longer growing season will also give EAB and other invasive (nonlocal) beings time and
habitat in which to expand their ranges. Whiggled deer will be able to expand their ranges and

population, which can have major effects on plants browsedd®sr d¢r 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 iwvasive 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 (Liuet 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 individualsespecially 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 potentialigh (Kenny et al., 2010jigh levels of

humidity can act in conjunction with higher temperatures in putting additional stress on human bodies

08 AYLISRAYy3I GKS 02ReQa loAfAGe G2 022t AdaStFo | A
viruses thrive in humid conditions. The lower sogiconomic 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 thedxitand 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 healthés adt 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 theWest do. Additionallycommercial air filters can be coptohibitive. Many Tribes are

actively addressing these dual concerns through Smoke Ready Communitiesitsydutselfindoor air

filter box fans'* The Air Quality Program (AQP) of the Confederated Tribes @dhalle Reservation

has been a leader in developiignoke Ready Communitt2mformation, providing webinars, printed
information, and other forms of outreach and education, in additiothiir air quality monitoring.

/| 2t gAfE£SQa !'vt A& FdzyRSR o0& |y 9t! 2mnp [/ tSFy ! AN
structure and financial support allow the Colville Tribe to invest deeply in building their AQP and
protecting the health oftieir 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, nasabngestions, 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 toeskinand throat irritation

(Arundel, 1986). Indoor air pollution is an environmental justice issue, as exemplified by the flooding
SPSyid Ay GKS adzYYSNI 2F wnmH 2y GKS C2yR Rdz [ O
caused extensive mold dage 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 ssiffficient in taking care of Band me®INE Q Yy SSRa s | &
other agencies were overwhelmed and unable to respond on the Reservation.

Br2¢ gAffS ¢ NAO S@tEs:/Hiw,cct-en2dam/I@kfaf-filterA £ § S N&
B2t @gattS ¢NAROSQaA { Y2 SttpwBivviRadt-err.2oNi/¥ndaeredd@comn@iditg dzND S &
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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 memgen mold prevention and removal, and
exchanging old, poorly operating woodstoves with updated, cleaner versiblesorganizatioffrees,

Water & Peopl# works with rural communities to replace opdine 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 monitoia tare 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 narratikottiedai

Tribe d Idaho Air Monitoring Equipme®td 2 A G K2 dzi LINRLISNI & Fdzy OQlA2y Ay 3 |
LINPGSOG GKSANI YSYOSNRQ KSFfGK FTNRY gAfRFANB avyz21s
Additional challenges experienced by somrébes, 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 gape &M&éIders,

2018). Alaskan Tribes andl&ges not only have a limited network of air quality monitors, but the PM
monitors that are in place measure the total mass ohRMithout differentiating between PMsfrom

wildfire smoke, road dust, vehideetc. (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 deserBouthwest, where dust impacts are increasing due to drought dammd that are
exacerbatedy climate change. In th&uthwest, fine and coarse dust are projected to increase
significantly (57% and 38%&spectively) (Achakulwisut et al., 2019). These increases are predicted to
lead to increases in climadgttributable cardiovascular diseases and mortality, asthmakated hospital

visits and other forms of dustelated morbidity and mortality, coupled with economic impacts. Most
studies focus on the human dimensions of dust, smoke, and other particulates, and thite is

research on climatattributable 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 les@st monitos, some Tribal communities

including many in Alaskaare turning to PurpleAir sensors (see narrative titiattawaseppi Huron

YR 2F GKS t20GF gt G2YA QA t | )Ndhikhdatbe éasly imstaligdif@ NJ a 2 y A
about $200 anywhere that haseddtricity and a wii 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 8103 or 8105 grants. The Hoopa Valley Tribe, for
example does not have CAA 8103 funding. Nonetheless, they operate twg bhitors and are
partnering in a project called th@SPIR (Advancing Science Partnerships for Indoor Reductions of
Smoke Exposures) study to study the impacts of wildfire smoke on indoor air quality and mitigate

6 Trees, Water & Peopléttps://treeswaterpeople.org/
17 ASPIREttps://www.epa.gov/airresearch/wildfirestudy-advancesciencepartnershipsindoor-reductions
smokeexposures
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exposure to community members. Tribes in California also have excellent working relationshiggewith
California Air Resources Board,ialhoften 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 Regulatorytiarity

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. Speciflgallribes should be involved astagulators 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, andanchasiwvell 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 frequensteand e

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
organizationswork collaboratively on keigsues, and truly be a part of air quality policy and
implementation. It also allows Tribes to replace outdated and failing monitors.

Tribal Sovereignty8ystemic, Transboundary, and Justice Issuekthe 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, buydhtough respectful interactions and

relationships. Solutions that are effective, ethical, and compliant with treaty and other obligations must
I RRNB&da&a dzyRSNI&Ay3a Ol dzaSa 2F SYy@ANRBYYSylltz az20Al
actions alme 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 accommaodation in all climatelated decision that affect their rights, air quality, and
health.

Air References

ABC7 News. 2020. August Complex Fire now the largest in recent California history, Creek Fire breaks top 10.
Available online

Achakulwisut, P., Anenber§,C., Neumann, J.E., Penn, S.L., Weiss, N., Crimmins, A., Fann, N., Martinich, J., Roman,
H., & Mickley, L.J. (2019). Effects of increasing aridity on ambient dust and public health in the U.S. Southwest
under climate changeseohealth3(5): 12¢144.

https://doi.org/10.1029/2019GH000187

94


https://abc7news.com/california-wildfires-fire-update-wildfire-disaster/3894361
https://doi.org/10.1029/2019GH000187

Arundel, A.V., Sterling, E.M., Biggin, J.H., & Sterling, T.D. (1986). Indirect health effects of relative humidity in
indoor environments.Environmental Health Pgrectives 65, 351. https://doi.org/10.2307/3430203

Boutsalis, K. (2020, September 20). The art of fire: reviving Indigenous craft of cultural burning. The Narwhal.

Bowe, B., Xie, Y., Yan, Y., AR Z. (2019). Burden of causgecific mortality associated with PM2.5 air pollution
in the United StatesJAMA Network Open(P21), €1915834.
https://doi.org/10.1001/jamanetworkopen.2019.15834

Brim, S. N., Rudd, R. A,, Funk, R. H., & Callahan, D. B. (2008). Asthma prevalence among US children in
underrepresented minority populations: American Indian/Alaska native, Chinese, Filipino, and Asian Indian.
PEDIATRICS, 12p e21%e222.

Buono, Page. (November 202Quiet Fira Indigenous tribes in California and other parts of the U.S. have been
rekindling the ancient art of controlled burninghe Nature Conservandydigenous Tribes Restore Prescribed
Burns in California (nature.org)

Centers for Disease Control and Prevention (2020, JulyH24)th Equity @nsiderations and Racial and Ethnic
Minority Groupshttps://www.cdc.gov/coronavirus/201Shcov/community/healthequity/race-ethnicity.html

Centers foDisease Control and Prevention. (2020, AugustBa3ic Facts About Mold and Dampness
https://www.cdc.gov/mold/fags.htm

Climate Central. (2020, January IE)p 10 Warmest Years on Record
https://www.climatecentral.org/gallery/graphics/tofd O-warmestyearson-record

Comunian, S., Dongo, D., Milani, C., & Palestini, P. (282@pllution and COVHI9: The role of particulate
matter in the spread and increase of COMIEh Q& Y 2 NB A R A interndtiohd JoifieaNofiBnirdninéntdl
Research and Public Healttv(12), 4487https://doi.org/10.3390/ijerph17124487

David, A., Asarian, J.E., Lake, F.K. (2018). Wildfire Smoke Cools Summer River and Stream Water Temperatures.
Water Resources Research, Volume 54, Issue 10. Pp72Z9@BWildfire Smoke Cools Summer River and Stream
Water Temperatures David- 2018- Water Resources ResearcWiley Online Library

Deryugina, T., Heutel, G., Miller, N., Molitor, D., & Reif, J. (20t6)mortality and medical casbf air pollution:
Evidence from changes in wind directidtps://doi.org/10.3386/w22796

Edwin, S. G., & Mdlders, N. (201Brticulate matter exposure of rural interior communities as observed by the
first Tribal air quality network in the Yukon fldburnal of Environmental Protectidd®(13), 142%61448.
https://doi.org/10.4236/jep.2018.913088

Ellis, T. (2019, July 25). UAF project seeks to provide air quality data for rural, remote Alaska areas.
https://www.alaskapublic.org/2019/07/25/uaprojectseeksto-provide-air-quality-data-for-rural-remote-alaska
areas/

Environmental Protection Agency. (2014, AuguRtlicy Assessment for the Review of the Ozone National Ambient
Air Quality 8andards.EPA452/R14-006.

Environmental Protection Agency. (2019, November 2hg danger of wildland fire smoke to public health
https://www.epa.gov/sciecematters/dangeswildland-fire-smokepublichealth

Fater, Luke. (2020, July 6). The Lost Art of Growing BluebeitieEire Gastro Obscura (atlasobscura.com).

95


https://doi.org/10.2307/3430203
https://doi.org/10.1001/jamanetworkopen.2019.15834
https://www.nature.org/en-us/magazine/magazine-articles/indigenous-controlled-burns-california/
https://www.nature.org/en-us/magazine/magazine-articles/indigenous-controlled-burns-california/
https://www.cdc.gov/coronavirus/2019-ncov/community/health-equity/race-ethnicity.html
https://www.cdc.gov/mold/faqs.htm
https://www.climatecentral.org/gallery/graphics/top-10-warmest-years-on-record
https://doi.org/10.3390/ijerph17124487
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2018WR022964
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2018WR022964
https://doi.org/10.3386/w22796
https://doi.org/10.4236/jep.2018.913088
https://www.alaskapublic.org/2019/07/25/uaf-project-seeks-to-provide-air-quality-data-for-rural-remote-alaska-areas/
https://www.alaskapublic.org/2019/07/25/uaf-project-seeks-to-provide-air-quality-data-for-rural-remote-alaska-areas/
https://www.epa.gov/sciencematters/danger-wildland-fire-smoke-public-health

Forbes, J.D. (2001). Indigenous Americans: Spirituality and[@eadalus 130(4), 288300.
https://www.amacad.org/publication/indigenouamericansspirituality-and-ecos

Garcia, E., Berhane, K. T., Islam, T., McConnell, R., Urman, R., Chen, Z., & Gilliland, F ABs@@it#)n of
changes in air quality with incident asthma in children in California, -2833.JAMA, 32(19), 1906.
https://doi.org/10.1001/jama.2019.5357

Hamidov, A., Helming, K., Bellocchi, G., Bojar, W., Dalgaard, T., Ghaley, B. B., Hoffmann, C., Holman, I., Holzkédmper,

A., Krzeminska, D., Kveerng, S. H., Lehtonen, H., Niedrist, &d&yd-., Reidsma, P., Roggero, P. P., Rusu, T.,
{tyid2as / o {SRRIAdzZ DT {1FINBDDA|1SZ 9dr X {OKIYKINIZ a
functions: A review of European caseidies.Land degradation & developmer9(8), 237&2389.
https://doi.org/10.1002/Idr.3006

Hatcher SM, AgnexBrune C, Anderson M, et &0VIEL9 Among American Indian and Alaska Native Persons
23 States, January 8duly 3, 2020MMWR Morb Morta Wkly Rep 2020;69:1166169. DOI:
http://dx.doi.org/10.15585/mmwr.mm6934el

Kenny, G. P., Yardley, J., Brown, C., Sigal, R. J., & Jay, O. (2009). Heat stress in older individuals and patients with
common chronic disease€anadian Medical Association Journal, (183, 10581060.
https://doi.org/10.1503/cmaj.081050

Kimmerer, R.W. (2015Braiding sweetgrass: Indigenous wisdom, scientific knaydeohd the teachings of plants
Minneapolis, MN: Milkweed Editions. https://milkweed.org/book/braidiegeetgrass

Krakoff, S. (2008). American Indians, climate change, and ethics for a warmingBreoner University Law
Review85, 86%698. https://papers.ssrn.com/sol3/papers.cfm?abstract id=1265804

Kramer, A. L., Campbell, L., Donatuto, J., Heidt, M., Kile, M., & Massey Simonich, S. L. (2020). Impact of local and
regional sources of PAHs on Tribal reservation air quality in the U.S. Pacific NorBeieste of The Total
Environment 710, 136412https://doi.org/10.1016/j.scitotenv.2019.136412

LaDuke, W. (2016Recovering the sacred: The power of naming and claiming. 2ridhéchgo, IL, Haymarket
Books https://www.haymarketbooks.org/books/90@ecoveringthe-sacred

Liu, F., Tan, Q. W., Jiang, X., Jiang, W. J., & Song, D. LEROAf relative humidity on particulate matter
concentration and ibility during winter in Chengdi®ubMed.govPMID: 29964970
https://pubmed.ncbi.nlm.nih.gov/29964970

Lowe, A. A, Bender, B., Liu, A. H., Solomon, T., Kobernick, A., Morgan, W., & Ger&d18).Er(vironmental
concerns for children with asthma on the Navajo nati@nnals of the American Thoracic Societyp)15/4%,753.
https://doi.org/10.1513/annalsats.20170874ps

MarksBlod Z ¢® OHAHANO® YINHzl yR , dzZNB]1 t NBAaONAROGSR /-dzft G dzNJ f
Ecological Dynamics and Political Ecology of Indigenous Burning and Resource Management. A dissertation

submitted to the Department of Anthropologynd the Committee on Graduate Studies of Stanford University.
https://www.firescience.gov/projects/172-01-3/project/17-2-01-3 MarksBlock CulturalFire Dissertation

augmented.pdf

Meadow, A. M., LeRoy, S., Weiss, J., & Keith, L. (2018). Climate profile for the city of Flagstaff, Arizona.
https://climas.arizona.edu/sites/default/files/pdfclimatgrofile. pdf

National Geographic. (n.d.) Resource Library/Encyclopedic Emtnrolled Burning | National Geographic Society
National Tribal Air Association. (2020). Status of Tribal Air Régtrs.://7vv.611.myftpupload.com/wp
content/uploads/2020/06/202eNTAAStatusof-TribalAir-Report.pdf

96


https://www.amacad.org/publication/indigenous-americans-spirituality-and-ecos
https://doi.org/10.1001/jama.2019.5357
https://doi.org/10.1002/ldr.3006
http://dx.doi.org/10.15585/mmwr.mm6934e1
https://doi.org/10.1503/cmaj.081050
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=1265804
https://doi.org/10.1016/j.scitotenv.2019.136412
https://www.haymarketbooks.org/books/900-recovering-the-sacred
https://pubmed.ncbi.nlm.nih.gov/29964970
https://doi.org/10.1513/annalsats.201708-674ps
https://www.firescience.gov/projects/17-2-01-3/project/17-2-01-3_Marks-Block_CulturalFire_Dissertation-augmented.pdf
https://www.firescience.gov/projects/17-2-01-3/project/17-2-01-3_Marks-Block_CulturalFire_Dissertation-augmented.pdf
https://climas.arizona.edu/sites/default/files/pdfclimate-profile.pdf
https://www.nationalgeographic.org/encyclopedia/controlled-burning/#:~:text=Controlled%20burning%2C%20also%20known%20as,public%20or%20to%20fire%20managers.&text=Two%20types%20of%20controlled%20burning%20are%20most%20commonly%20used.
https://7vv.611.myftpupload.com/wp-content/uploads/2020/06/2020-NTAA-Status-of-Tribal-Air-Report.pdf
https://7vv.611.myftpupload.com/wp-content/uploads/2020/06/2020-NTAA-Status-of-Tribal-Air-Report.pdf

National Wildlife Federation. (201@xtreme Allergies and Global Warming
https://www.aafa.org/media/1634/extremeallergiesglobatwarmingreport-2010.pdf

Peterson, T.C., Karl, T.R., Kossin, J.P., Kunkel, K.E., Lawrimore, J.H., McMahon, J.R., Vose, R.S., and Vin, X. (2013).
Changes in weather and climate extremes: State of knowledge relevant to air and water quality in the United

States. Journal of the Aiand Waste Management Association,(8 184197.
https://www.tandfonline.com/doi/full/10.1080/10962247.2013.851044

Poland, T. M., & McCullough, D. G. (2006). Emesdicharer: invasion of the urban forest and the threat to North
' YSNAOF Qa | &K NB&a2dzNOSaI2#2 dzNy It 2F C2NBAGNRI MandoovI M

Raine, S., Liu, A., Mintz, Joel, Wahood, W., Huntley, K., & Haffizulla, F. (2020). Racial and ethnic disparities in
COVIB19 outcanes: Social determination of healtimternational Journal of Environmental Research and Public
Health17, 8115https://www.mdpi.com/1660-4601/17/21/8115

Savo, V., Lepofsky, D., Benner, J. P., Kohfeld, K. E., Bailey, J., & Lertzman, K. (2016). Observations of climate change
among subsistenceriented communities around the worldNature Climate Change(%, 462,473.
https://doi.org/10.1038/nclimate2958

Sequist, T. D. (20200he disproportionate impact of Covi® on communities of coloNEJM Catalyst
https://catalyst.nejm.org/doi/full/10.1056/CAT.20.0370

Tie, X., Huang, R., Cao, J., Zhang, Q., Cheng, Y., Su, H., Chang, D., Poschl, U., Hoffmann, T., Dusek, U., Li, G.,
2 2NBEY 2L 50wdS 3 hQ526RI / ®5dI 06 H A MT vednoistBedRimdific LJ2 £ £ dzii A 2
Reports, T1). https://doi.org/10.1038/s41598017-159091

U.S Department of Health and Human Services Office of Minority Health. (2018, MardRr@8le: American
Indian/Alaska Nativehttps://minorityhealth.hhs.gov/omh/browse.aspxA3&Ivlid=62

Ute Mountain Ute Tribe (2020). Nuchit Ute Mountain Ute Tribe Climate Action Plan. A Collaboration of the Ute
Mountain Ute Tribe Climate Change Adaptation Planning Working Group and Colorado State University.

Weiskopf, S. R., Ledee, O. ETHmpson, L. M. (201¢limate change effects on deer and moose in the Midwest.
The Journal of Wildlife Management, 83(4), T631.https://doi.org/10.1002/jwmg.21649

Woodford, Riley. (2003). Regenemat Following Fire Creates Fertile Habitat for WildWkaska Fish and Wildlife
News Regeneration Following Fire, Alaska Department of Fish and Game

Woo,S. H., Liu, J. C., Yue, X., Mickley, L. J., & Bell, M. L. (2020). Air pollution from wildfires and human health
vulnerability in Alaskan communities under climate charigezironmental Research Lettet$(9), 094019.
https://doi.org/10.1088/17489326/ab9270

Wu, X., Nethery R.C., Sabath, M.B., Braun, D., Dominici, F. (2020). Air pollution and €ayft@lity in the
United States: Strengths and limitations of an ecological regression an8lgigisce Advancé$45), eabd4049.
https://advances.sciencemag.org/content/6/45/eabd4049

97


https://www.aafa.org/media/1634/extreme-allergies-global-warming-report-2010.pdf
https://www.tandfonline.com/doi/full/10.1080/10962247.2013.851044
https://www.mdpi.com/1660-4601/17/21/8115
https://www.mdpi.com/1660-4601/17/21/8115
https://doi.org/10.1038/nclimate2958
https://catalyst.nejm.org/doi/full/10.1056/CAT.20.0370
https://doi.org/10.1038/s41598-017-15909-1
https://minorityhealth.hhs.gov/omh/browse.aspx?lvl=3&lvlid=62
https://doi.org/10.1002/jwmg.21649
http://www.adfg.alaska.gov/index.cfm?adfg=wildlifenews.view_article&articles_id=60
https://doi.org/10.1088/1748-9326/ab9270
https://advances.sciencemag.org/content/6/45/eabd4049

Chapter 4.2: Water

Water-related impacts from climate change are of
particular concern to Tribes. The first two narrative
explain how two Alaskan partnerships, the
Southeast Alaska Indigenous Transboundary
Commission (SAITC) and the Southeast Alaska Tt
Ocean ResearchE8TOR), each composed 61J.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 lplimate change. The
SEATOR tests subsistence shellfish samples for F
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 eatthe lower
48 statesharratives fromthe Pyramid Lake Paiute
Tribe of Nevada, Chickasaw Nation of Oklahpm
Fond du Lac Band of Lake Superior Chipp@naw
Tribe of Montana, and the Eastern Sireee Tribe of
Oklahoma describdocumented evidence of climate
change. These Tribes have experienced severe w
temperature changes, variance in precipitation
frequency and amounts, and an iease in severe
weather eventsAll these changes have had a direg
SFFTFSOG 2y (GKS ¢NRoSaQ
lifestyles A researched overview @ateras it
relates to Tribes and climate chanigpdiows these
narratives, beginning with the Key Messages and
Recommendation that the authors have identified.

The Southeast Alaska Indigenous
Transboundary Commission

Written by: Frederick Olsen JiExecutive Director
Formed in 2014 as the United Tribal Transbounda
Mining Work Group, the Southeast Alaska
Indigenous Transboundary Commission (SEITC) i
consortium ofl5federally recognized southeast
Alaska Tribal govements created to protect Tribal
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lands and waterways for future generatioisach SEITC representative on our Board of Directors is
elected or appointed by their Tribal Counciltibes notify SEITC of representation by a Tribal Council
resolution orletter from their Tribal President.

i Taku / T'aakd Large-scale Mining in
Alaska-British Columbia
Transboundary Watersheds

Stikine / Shtax’héen

A S o i A
Past producer, exploratory,
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The Stikine, Taku, and Unuk Rivers flow from British Columbia, Cana
into Alaska.

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 lifetirpasalytic shellfish poisoning is common
now and each year concern grows for shellfish comstion, yellow cedars are in decline due to less
lasting snowfall in winter, anfish habitats are under siege.

NS e We seek to protect our customaand traditional ways

A ] " 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
0§KS I yR (K lsinceirfsle@@r®mofial. & R
have concerns regarding our shared transboundary
watersheds facing threats from major industrial mining
projects in British Columbia, Canada.

Tulsequah Chiéfline site, Taku River watershed,
British Columbia (Credit: Colin Arisman, The
Narwahl).

As polluted waters travel downstream, they destroy
delicate ecosystems and devastatédhife populations,
such as those of wild salmawhile 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.
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A major way that @inate change enters the transboundary equation is thealbed tailings storage

facility of many industrial mining projects, aka a Lake of Poison left behind after operations THeese.

lakes of poison need to be monitored for at le@80years eachThe proposed Kerr Sulphurets Mitchell

(KSMMAY S g2dz R KIF @S Gg2 &adzOK RIFYazr SFEOK GFftSNI GKIy

KSM Tailings Storage

View of TMF

North Cell ‘Splitter” Center Cell  *Saddle’ South Cell
(Years 1-25) Dam \ (lined) Dam (Years 25-52)

North Dam
708.5 feet

South Dam
776 feet

Hoover Dam = 726 feet Eiffel Tower = 984 feet

Space Needle = 605 feet

Huge dams proposed for passive water treatment at KSM project in BC.

As you read this, the abandoned Tulsequah Chief Mine continuedltdgthe Taku River watershed

since operations stopped in the 1950 e 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 lik Tulsequah Chief, what will happen whenam¥gay SQa t 1S 2F LRAaz2y
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 cotiesand

these values are part of our everyday livBlaring the customary and traditional values with nhon

Natives is essential for harmony between cultuné& continue to share life experiences on

transboundary and BC rivers as a way to raise awarehedsNJ 2 yf A Yy S @ AWhealthe LINE RdzO G A
Salmon Spoke'8K St LISR (2 LJzi | &aFlF OS¢ (2 GKS NAGSNAR |yR

SEITC has been nurturing relationships with First Nations for sgeairal. In ordeto create unity and
dialogue between Alaska Tribes and First Nations sharing transboundary watersheds, SEITC has held two
LYRAISy2dza € SFRSNARAQ adzyyYiAidaod 2SS I NB OdzZNNBydate LI

8 \When the Salmon Spokhttps://vimeo.com/424432430
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The upcoming summit will be centered arouth@ deterioration of the salmon stocks in the
region.Attendees will be asked to research possible solutions prior to the medtidigjenous people
have an obligation to take care of the land and wa&&ITC and our First Nations partners are
committed to working together to amplify clean water issu€atreach 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 withnigset 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 environmentalsieds 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. Thiis 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 climatg aiice 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 gpring and summer,
plankton grow wild, turning clear waters to a rainbow of §-
colors. Some of these plankton are knowrhasmful algal
bloom (HAB) species. If these HABs become abundant,
shellfish that consume them become toxic themselves, *:
posing a rik to human and animal health.
The occurrence of HABs in southeast Alaska is not new *
different. The Indigenous people of this area knew that
during summer months shellfish were unsafe to eat. Mar Snellfish harvested for subsistence toxin testin

adages exist that describe the transition in shellfidnyta dzY LJG A 2y NAA&A] &adzOK | axX a52
2y0S GKS KSNNAYy3I NBlOdz2NYyzIé¢ ahyteée KFNBSad akKStfFAack
GKSNBE Aa ayz2¢g 2y (GKS Y2dzylil Ayaodé ¢KS&AS FRIF3ISaz ot
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 shellfigoutheast Alaskd,5 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
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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 assocateith eating shellfish in their community.

SEATOR partners scan surface seawater using a microscope looking for HAB specigsestantdaisim
anddinophysis. Alexandriuim the most likely HAB species to be in Alaskan wgaeisit can be very
dangerous. When toxins frodlexandrium sppaccumulate in shellfish and people then consume those
shellfish, people can get sick wiparalyticshellfishpoisoning (PSP). PSP canse tingling lips and
fingertips, difficulty breathing, andn 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 awayom 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 ibe of Alaska Environmental Research Lab
(STAERL) to be tested for toxins. SERL has been in operation
since 2016 and has tested ovef@0 subsistence shellfish
samples for PSP toxins. The shellfish toxin data from SEATOR
partner beaches is astonishiagd one of a kind. Before the
SEATOR datzt, no data set of this magnitude ever existad i
southeast Alaska. Unfortunately, what it reveals can be scary.
Indigenous people from the region knew not to harvest shellfish
in the summer months. The SEATG@Radet supports this idea
fully. Starting in April, shellfish in many communities exceed the
regulatory limit for PSP toxins. However, due to changing

Alexandrium observed in a phytoplanktor - climate conditionssome species of shellfish are exceeding the

tow sample in southeast Alaskan waters. L . .

regulatory limit during all months of thyear. 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
toxins from these HABs and thenyd®@ i RS LJzNJ S (KS G2EAyad Ly FF OG0z T
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 aboverégulatory limit that yearand 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 shellfiaste 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 usagtidute 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
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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.

SEATOR Blue Mussel PST

2016-2020
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SEATOR blue mussel paralytic shellfish toxin data betweeraB@2620. All
samples above the red line exceed the regulatory limit.

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 southeakgAlome. In
the coming years, SEATOR partner communities will continue to fight climate change with innovation

and partnership.

SEATOR partners at the 2019 annual SEATOR Workshop
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SEATOR Partners

Craig Tribal Association

Chilkoot Indian Assodian

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 IndianCommunity
Petersburg Indian Association
Sitka Tribe of Alaska

Skagway Traditional Council
Wrangell Cooperative Association
Yakutat Tlingit Tribe

Climate Change Impacts on Water Qualégd Aquatic Life, Pyramid Lake, NV

Written by: Daniel MosleyFisheries Directog, 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 terminaltladée for
Truckee River Watershed. Several in$ NY SFFSOda KI @S 0SSy 20aSNBSR
climate over the last 12plusyears.

Pyramid Lake loses approximately 4 feet of lake elevation annually due to evaporation, which means
424,000 acre fet (AF) of water is needed from the Truck&eer 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 Riversions and out of basin
diversions © the Newlands Project (Figusg.

During the extended drought of the 1930s, Winnemucca Lake dried up, and the original strain of
Lahontan Cutthroat trout@ncorhynchus clarkii henshawiaw their last spawning run 1938. Adotal
dissolvedsolids (TDS)evels increased (Figure 2), species abundance and diversity decreased. Pyramid
Lake lost two native cyprinids, tlepeckled daceRhinichthys osculiisand the Lahontaredside shiner
(Richardsonius egregiou8oh were important to the diet of the piscivorous Lahontatithroat trout.

Since 1866, Pyramid LakBShas 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 levkeisay 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 24oot dropin lake elevation (FigurB). During this period, Toal 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 latgrears of this drought period. Pyramid Lake elevation rose 25 feet
during afive-year period (1995 to 2000) and then dropped 26 feet during an extendgedab6drought
through 2016.

Pyramid Lake Elevations

Feet Above Mean Sea Level

U i e % f N N P

Figure APyramid Lake historical water surface elevations (UB@&S.

Pyramid Lake TDS increased from 1986 to 1994rani2000 to 2016 (FigurB). During these periods
of drought, lake levels dropped 24 feet. In the early 1990s, Pyramid Lake Fisheries observed that
spawning Lahontaoutthroat trout were getting smaller in size, to the point the Tribe implemented a

Pyramid Lake Elevation vs Total Dissolved Solids (:28118)
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Figure BPyramid 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 trophize fish populidons. Increasing TDS levels/balso
affected the size and abundance of Tui Chub (Gila bicolor), the primary food source for the bigger
Lahontancutthroat 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 tefum five Pyramid Lake samples collected on
7/10/2020 and 7/14/2020 resulted in nodularin toxin concentrations from 2,064 to 10,00Qug/L,

which were some of the highest toxin concentrations the contract lab had ever seen. Nodularia
spumigena is adptatoxinthat can damage the liver.

Data obtained from the Western Regional Climate
Center (WRCC 2020a) depicts a general warming tre
for the Truckee River basin (Truckee Hydrologic Unit
Code [HUC] 16050102) datingdk tothe early 1900s
(Figure @& 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 alga&nd tolerant benthic oo
macroinvertebrates (planaria, snails, dipteraptc) Nodularia spumigena.
during Truckee River sampling events.

.
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Figure CMeantemperature bywvater year (ending in September) for the Truckee HUC,Z®. Datasource:
Western Regional Climate CenféfRCC 2020a).

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.
¢KAA KIF&a I RANBOUO SFFSOI
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 R@Rhickasaw Nation

Background on Chickasaw Nation Watersheds

The Blue River and the Lake of the Arbuckles are both vitally impdddhé southcentral region of
Oklahoma for ecological and economic purposes. These waters provide drinking water supplies to local
communities and habitat to many native aquatic species.
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The Lake of the Arbuckles has a total capacity of 108889fed 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 thefieery that is located near Wynnewood. Arbuckle Lake provides water
supplies for many residentndagricultural practices and is an iddizhing location focrappie, catfish,
bluegill, white bass, and largemth bass. The Lake is also importéonttourism and allows for fishing,
scuba diving, camping, and hiking at the nearby Chickasaw National Recraa#o(CNRA). The Lake,
part of a greater watershed, receives water from the Buckhorry, &andy, and Rock creeks, which are
all subwatersheds. The ke also receives groundwater in the form of spring flow from the Arbuckle
Simpson aquifer.

The Blue River is a system bedhg near Roff, OK, withsmutheastflow to near Durant, OK, ultimately

becoming aributary of the Red River at the southern berdof Oklahoma. The River spans a length of

141 miles and is one of the last frlewing streams in Oklahoma. The river contains a number of

aqguatic species (such as crappie, catfish, smallmouth, spotted, and largemoutthbasisaw anglers

as a meansf recreation. The River also contains other aquatic species, including subspecies of orange
0Stte@ RIENILSNI 02Ny y3IS GKNRBIG RENISNIFYR £SFaAd RINI
others. The Blue River is an important water supply to itheaf Durant ornthe lower end of the reach

andis 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
personalwater supply and for agricultural purposes, as well as mining comptraeatilize the waters.

Algal Bloom Impacts on Chickasaw Nation Watersheds

Within theseabovementionedbodies of water, as may be found in many others under certain

conditions aromd 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 posisiviesrfor bluegreen algae

(BGA) blooms in the more remote areas of the Lake of the Arbuckles. The Lake has been listed on the

P d{d 9YDBANRYYSYyi(lf tNRGSOUA2Yy ! A3SyO0eQa o69t! 0 onobd
issues. These BGA are nally present microscopic organisraind in these waters. The BGA are

photosynthetic organismthat need sunlight to survive and are tggily foundin the warm, shallow

waters that are undisttbed and receive more sunlight.
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Algal bloom presence lrake of the ArbuckleRhotocredit: National Park Service at Chickasaw National Recre#iea)

The HABs can occur due to a number of factors, which results in rapid growth or bladitiiage

organisms. Potential causes of increase in these blamaicreases 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 pfatentia
detrimental effects taaquatic life requiring prevention of consumption of watas wellas prevenin

of recreation inaffected areas.ricreasel numbers and surface aremwerage of HABsan lead to

blocked sunlight into the water column. As talgae continues to consunavailable oxygen, the

resulting effects may includish dieoffs. In the event of high enough concentrations, there is the
possbility 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

TKS [F1S 2F GKS | Nb dzO| t 308(d) Kst fét impaBesl yatersA ThegiGhiRkasawy” (1 K S
Nation helped bring togethea group of local landowners and producérorder to addressssues in

the Lake and to implement a series ofsbenanagemenpractices on privatéands.Thisresulting 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 \(&kiRthe

watershed The BMPsiclude:

0 removing eastern red cedar to allow for reduced uptake of water supplies to this species
0 opening grazeable acres
0 allowing return of native grasses
0 increasing habitat for groundesting birds
0 monitoring soil health on their respective propertiesewaluateand managesoil health over
time
0 altering grazing practices
0 altering application of fertilizers in order to reduce runoff into the waterways leading to the lake
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The Blue River also has a watershed griap was created from local landowners aptbducers who
were concerned about the diminishing quality of the Blue RiVkis resulted in the creation of the Blue
River Foundation of Oklahoma (BRFO). The BR&€b partneringvith the Chickasaw Nation on many
of the same best management practicthat LAVWA has implementedlue River has not seen the HABs
issue as Lake of the Arbuckles has,limth groups are working to implemergractices for the
conservation and overall health of their respective watershiedsurrentand 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, fighlidgyathering rights that are all

linked to good water quality, which includes water temperatures that allow-e@lter fish populations

to thrive. The Fond du Lac BaofdLake Superior Chippevisas treaty rights in parts of Minnesota,
Wisconsin, and Midgan, and they partnered with the 1854 Treaty Authority to write a Climate Change
Vulnerability and Assessment Plan. The plan states thatvealdr fish species, such as walleye and

trout, will likely experience population reductions as water temperatwasm 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 Laken a broad scale, researchers are observing large, freqardtpersistent
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 thesheae environment to

become warmer and more nutriestch, 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 reducgtdeams 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 climat
change on the Fond du Lac Reservation. Brt
trout are under threat of being extirpateds
the Reservation contains mainly cewdter
streams rather than colavater streams, so
iKSe R2y Qi KI @§ inpats &2
maintain coldwater temperatures.
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to climate change on the Fond du Lac
Reservation. Manoomin thrived in 2020 after §
localized drought, after experiencing nearly a ¥
decade of abowmormal highwater
conditions.
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Written by: John Doyle and Margaret J Egger&row Environmental Health Steering Committee

The Crow Reservation is located in the heamwf traditional homelands; we have been here for

centuries. Our Tribe currently has about 14,000 mempsame 8,000 of us live on our Reservation,

with many other members living nearby on historic Crow lands. Concerned about the impacts of climate
changeon our water resources and subsequent threats to community health, we interviewgdi30

TribalBders 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 @80 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 winterit never went
above freezing. Spring break up of ice on the rivers
5 ; L was a major event, recognized in ceremonies. There
Little Bigorn River, dring Crow Fair. Photo by kriste would be colliding ice chunks the size of car hood
Galbrait. and a foot thick. Now the prairies are brown for most
of the winter, and we have midvinter 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 coafirm
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.
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The Little Bighorn River is the source water for the publig
water treatment plant in Crow Agency, the largest
community on the Reservation and the Tribal
headquarters. With less winter snowpack in the
mountains, and htter 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 L
half out of the water, and we foresee future summers in &
which the river dries up by the time it reach€sow 2
Agency. Part of the problem is that the irrigators are el

diverting more water than ever out of the river. The watel | e Big Horn College students electrofishing
dZASNEQ | a420A1GA2y &3 6 KA O totestfish for mercurgontamination. RIFGAZY
the Reservation, are run by and for the benefit of the nor Photographer unknown.

Indian farmers ad 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 henadiéng 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 debates 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 nmigi

has collapsed. In a local Tribal community 600¢
8,000 people, we have lost more tharD00 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. Instea

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

Emery Three Irons collecting home wediter sample for

analysis, Crowater Quality Project. Photoy John ) )
Doyle. to plan for adaptation to current and looming

climate inpacts.

Tribal community nonprofits, the Tribal College, and other grassroots organizations are addressing some
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understand the nature and sources of water tamination, 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-§a#on jugs for those lacking

safe well water to drink. Currently we are working on other mitigation strategies to help swetecure
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families and to build community capacity to manage home plumbing and community water supplies.
Other grassroots organizations work on educating owtly@bout Crow traditions around water and
Western water science, on management of chronic illnesses, and on mitigating widespread food
insecurity greatly exacerbated by the COXtEDpandemic and accompanying further loss of jobs.

analysis from Chief Plenty Coups State Park, Crow Water Quality Projectbyhoto
Antonie Dvorakova.
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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
EasternShawnee 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 Riv@etavest. 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 havdtie@me
resilient, including resiliency in facing the climate changes that touch northeast Oklahoma. The Tribe is
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seeking mean 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
frequencyand 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.

Fishing after a flood, in what used to be a parking lo ..
Parameters such as pH, salinity, water temperature,

dissolved mygen, 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, paghegnd toxins from storm water

runoff, and high bacteria counts can be attributed to climate changes. Toesauting debris and

invasive plants, break down infrastructure, and destroy riparian trees. Small tornadoes have directly
affected the area recehy, 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 becane mor
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 ed of the spectrum, there was a recent drought from 2@4 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 agriculturacPallth 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 cliate changes. Northeasi§
Oklahoma has a large Tribal population, withe
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. Gatherirgd medicinal
and culturally significant plants and foods as well
as hunting and fishing for food are affected by iy

variances in phenology. 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 cam 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 Crigéel bave 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 aalturadition.

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 Pregarffrogram dedicated to the protection and
improvement of water resources in Tribal jurisdiction and the watershed. Funding for these programs is
through two US 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, droughplanning, 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 effets.

Water Quality Officer teaching students about tree
rings ard climate change.

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
whetherthat drinking water is still safe, even after a drought or a flood. Yeand surface water

monitoring data is evaluated to note changes in water quality due to climate change, particularly related
to temperature and precipitation. Information and eduiat are a key component to the WQMP to

keep the Tribe and the community aware of the status of the water quality.

¢KS 9FaidSNYy {KFgySS ¢ NKO Ssaading program in the régiom\aBda LIS OG SR |
continues to pursue a more resilient futurerfater quality through monitoring and commitment to

public health protection.
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Water

Key Messages

0 Climate change is negatively impacting water quality, increasing ocean acidification, leadin
an increase in the frequency and duration of harmfgkal 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 managemeaate impacted. Each of these impacts can threaten
local economies, human and ndniman health and wellbeing, and Indigenous lifeways.

0 Tribes and Alaska Natives are responding to these threats by drawing on traditional knowld
observing and monitoring war 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 egrmeaningful, and sustained engagement and consultation by federal
and state regulatory and other agencies on both water quality and availabilitpmatite associated
food and water security impacts of contamination, ocean acidification, hazardousaatjaiotoxin
events, and risks associated with both drought and flooding. Tribes and Alaska Natives should
supported in implementing Tribalgd planning and solutions, partnerships, and cooperative
efforts.
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location or time in the global hydrological cycle. These impacts alter the quantity, quality, or character of
water used, held, or valued byilbes and Alaska Nativetheir 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 mayezatahother or others, and there

may be other complex interactions. Howey#re root causes of these impacts are the changing
magnitude/intensity, frequency, or duration of extreme climatic events, together with climate cliange
related temperature, precipation, and humidity/aridity trends across regions and globally. Additionally,
the impacts may be cumulativa overlap in space or time. In this chapter, we conshu@av Tribal and

Alaska Nativeillage individuals, communities, governments, amganizations are impacted and are

forced to reckon with, mitigate, and adapt to this set of specific impactsloing soywe draw attention

to the key associated organizational, community, governmental, personal, health, economic, cultural,
subsistenceand other costs.

Herein we consider impacts related to overall water quality, harmful algae and biotoxin events, ocean

acidification, floodsgdams,drought, and waterand foodsecurity. This is by no means the complete set
of water-related climate changampacts but the elements of this set are held at the present time to be
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high in priority. Climate change impacts on water rigldgether with water management and
utilization, are also important and will be adeissed in future STACC Reports.

Overall Water Quality
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2019c, 2019d), results from models thatlize the Water Quality Index (WQI) (Horton, 1965; Tyagi,

Sharma, Singh, & Dobhal, 2013), and data from pe@ewed journals are summarized here.

Water quality forecasts developed using a nested modeling approach that includes GCM (general
circulationor climate models), emission scenarios, runoff modeling, water demand esiimatater
resources management modeling, and water quality modeling are regpenific, with the most

detrimental anticipated changes impacting Nevada and western Utah (up&&@deline in the WQ|

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 Eastn U.S. are not immune from declining water qualitgwever, the IGSMNCAM

(Integrated Global System Mod€&ommunity Atmosphere Model) approach, used to assess regional

and global climate change, predicts a 0 to 10% reduction in the WQI g8arelslert & al., 2015)

The implications of thabovecited modeling predict climate changeelated impacts on the WQI
parameters of dissolved oxygen, fecal coliform, pH, biological oxygen demand (BOD), temperature,
phosphorus, nitrogen, turbidity, and total soliddowever, sustained monitoring of additional Tribal
specific regulated and unregulated pollutants will provide a more complete picture of water quality
changes.

9t 1 Q& 9y F2NOSYSyild [/ 2YLX Al y OS-bdsedavitet uBlity kiolabngd figrS 09/ | h
publicwater systems (PWS). Focusing specifically on hdzgedmaximumcontaminantlevel (MCL)

violations, Tribes in Alaska, Arizona, California, lowa, Idaho, Minnesota, Montana, Utah, and Wyoming

were disproportionately affected by regulatediking water contaminants compared tmn-Tribal

PWSsources during 20k n mT 60/ 2y NRB&m. Sy 3 wA OkdsddRdatiomsi my 0 @ ¢ KS
included arsenic, coliform, nitrate, disinfection-pyoducts, and the surface water/lead

copper/groundwater monibring rules. Furthermore, unregulated drinking water contaminants and

health-based contaminants under consideration for future regulation under the Safe Drinking Water Act
6{5210 6SNB LINBaSyid Ay ¢NARolf tdzoftAO 2F0GSNJ {eadtsSy

Data from the four UCMRurveys completed to date by EPA indicate that for Tribal Public Water
Systems the most frequentjetected contaminants exceeding the health reference level (HRL) included
1,4-dioxane, perfluorinated chemicals (PFOS and PFOA), ivamagtrontium, chromium, and chlorate.
Additionally, molybdenum, haloacetic acids (HAA5, HAAG, HAA9), germanium, and manganese were
detected above the method detection limit. Sustained Tribal monitoring beyond traditional water
guality parameters is necsary 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 (s @&se 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% otthe 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), anudayy other ceoccurring 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
resour@-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 thevilV(Kely also
be impacted under the SDWA, UCMR, aadinregulated 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 lowerifigoH 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. Gienahand

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 priale help for local resource managers.

Ocean acidification has already impactattainIndigenous 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 pecies like Pacific salmo®iicorhynchuspp.), Dungeness crablétacarcinus

magisted, and bivalve clams.

Pacific salmon are being impacted by ocean acidification directly and indirectly. With increased
acidification, pink salmorQ(. gorbuschphave 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 increasirigagicidihas 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 importaohemercial 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 shel
RAaazfdziazy 20SN) GKS LI ad G2 RSOFRSa 6. SRyl NDS]
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 ateeenely vulnerable to predation during planktonic
larval periodsso any additional time spent in these stages due to slower development could greatly
reduce their populations.

ALt @S Y2ttdzala FNBE O2yaARSNBR (KS OFylFNEB 2y GKS
attenuation of shell development and shell loss. Impacts from elevated catioaide levels were first

seen in Pacific oyste€fassostrea gigasqguaculture 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 $ig@nning, rearing, and releasing juvenile clams

for decades. Most recentlyheir on-reservation shellfish program has been focused on the commercial

manila clam harvest, with over 20 million juvenile clams outplanted every year. Additionally, they

augmert beaches with Pacific oysters for ceremonial and subsistence harvest. While directly outplanting
juvenile bivalves is not a lorigrm solution, this does provide Lumfifibalmembers with abundant

resources to harvest, provided that the water quality igpeopriate. This could potentially serve as a

model for climate adaptation for otheFribes, but
longer term solutions must be found for Tribal peopl
to maintain sovereignty over their lifeways. As in the
coastalNorthwest, ocean acidification severelgnits
shell formation leading to decreases in available
shellfish stocks and reducing subsistence harvests i
coastal Alaska and the coastal northeast (D®&ney

et al., 2020).

Monitoring for Harmful Algae and Biotoxins in the
Salish Sea

In the PacifidNorthwest, harmful algae and biotoxin
events are not uncommon occurrences, and Coast
Salishpeople have been harvesting shellfish safely
using traditional and observational methods since
time immemorial (Lewitus et al., 2012; Williams,
2006). Thananymilesof 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
import.ant fishery(Figure4). Humanrelated drivers, Figure4. The shared waters of the Salish $esin,
including global warming, nutrient runoff, and Coast Salish Nations, Northwest Washington, U
drought, are directly linked to increasing frequency, and British Columbia, CAN.

magnitude, and duration diarmful algaeevents (HAE). Shellfish safety concerns have prompted
increased and adapted monitoringrategies so that Tribal nations can make appropriate management

op
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decisions for their peopldSee narratives title@outheast Alaska Tribes Face Climate Change with
Partnershipand 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 througleldfish and crab consumption (McCabe
et al., 2016). In the Pacifidorthwest, paralyticshellfishpoisoning (PSP) events are considered

GO NI RAGR ¥ K I E yaliicRabegobgizaknowledge indicates that PSP events have been
seasonal and ongoirfgr hundreds of years. Recent analysis of kgrgn harmful algae monitoring
programs also indicasghat both duration and frequency of HAERre increasindhat they arelinked to
climate change, anthat theyare anticipated to cause negative impactstoarism, local economies,

and human health in the future (Gob|&020). While many government resource managers are aware
that shellfish harvest closures have serious impacts on economic mafkisgtslmanagers are keenly
aware that closures also hae@ influence on subsistence and ceremonial harvests while threatening
food sovereignty.

The state of Washington and British
Columbia manage PSP events by testin
mussels for toxins and closing
commercial and recreational
shellfisheries seasonally. BoCoast
Salish Tribes and First Nations have
sovereignty over their shellfish tidelands
and work with the respective federal anc
state government entities for testing, so
they can then manage their
shellfisheries. Since 2012, all Pacific
Northwest governmats monitor for

three main marine biotoxinf_ewitus et Figure5. Sampling for marine biotoxins (left) in the Salish Sea, and

al., 2012) but since the 2000s, more SO|Id Pha_lse Ad;orptlon Toxm_Tracklng (SPATT) sampler, Mgbh)
i ] is a passive, timetegrated toxin sampler used to track multiple
than a dozen emergent biotoxins have  toxins at the same time.

been identified as potentially impacting

marine shellfish andsharmful to humangVisciano et al., 2016These other toxis, including

freshwater cyanotoxins that can accumulate in marine shellfish, are not often monitored by state
governments in the marine environme(Reacock et al., 2018; Preece et al., 20Iivjesponse, 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 tgkigsires).

,n'»'ﬁ

Monitoring is the first step to safe shellfish harvest, and management and policy decisions for shellfish

closures need to be effectively communicated to respeciisibalnations(Figure6). Many of the old

adagesthat CoastSalipb2 LX S I NB FI YAfAFNI 6A0KS ad@akend aX G52y
longer true. Disruption to traditional knowledge can cadmrm to communities that heavily rely on
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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 eventglK 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.

DANGER 2| OPEN

TOXIC SHELLFISH

DO NOT EAT clams, oysters,
mussels, or scallops.

for Shelifish Harvesting
Shellfish are safe to eat. Biotoxin (red tide) levels are high; shellfish are unsafe to eat.

Shellfish in this area are unsafe to eat
due to biotoxins.

e - Thank You

Figure6. Examples of biotoxin closure signs. State of Washington Department of Health biotoxin closure sign (left).
Nation biotoxin opening and closure signs including Indigenous drawings. Artwork by Thayne Yazzie, Salish Sea
Center, Nottwest Indian College.

Drough and Impacts on Water Security

Waterislifet S2 L SQa o6l aA 0O dzaSa F2NJ gl G§SNI AyOf dzRS RNAY | A
animals and crops. For Tribes and Indigenous peoples, water extends beyond daily consumption and is
vital for cultural and ceremonial usicluding the cultivatia of plants and animals. Water is heavily
referenced as a living entity in stories, prayers, place naarabteachings (Chief et al., Z8)land

engrained in community activities such as subsistence gathering and growing of food aicthaied

plants (Chieét al., 208). The lethal combination of increasingly prevalent drought and the
corresponding reductions in water availabilighaving drastic impacts on the land and people,

particularly in the southwest and western U.S. Increasing wildfires, ladkngirey water for flora and

fauna including humans, and increasinglymmon water shortages have led to uncertainty concerning

the future viability of current water supplies (Wehner et al., 2017).

PLILINREAYEF GSt @ odbmr 2F (K Se odenSdndodei 71% bf thB NNIAKEQ 40 23ydaNFFAl yC
is covered in watefShiklomanov, 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 pasivo decades (Dieter et al., 20L8Nith climate change presenting immediate

visual, physical, spiritual, and mental impacts, water remdna®lement that has beethe most

sensitive to the changes in the weather and climateaddition, 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
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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
odzi Oly 0SS a4l TRS O MINR LIEzZ0EANS=HMi @t3UE, BOEB) 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 ofritikiny dvater

for themselves, their livestock, and crops. In addition to encountering inadequate and increasingly
unreliable access to sourcesdrinking water, many Tribal and Indigenous nations are currently

involved inprotracted waterrights settlemem negotiations, yetcross 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-allecated 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 th8outhwest have been primarily precipitatiesiominated. However, with the
observed increases in average annual temperatures due to htgaased climate change, the most

recent series of droughts beginning in the ed@B00s habeen temperaturedominated (Wall &

Overpeck, 2017).

In the northwestern region of the United States, drought may have profound impacts on Chinook
salmon (an important sustenance for PadNimrthwest Tribes), which are especially susceptible to low
streamflow and changes in streaemperatures (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 Reseavatitre
surrounding region, drought has caused significant water shortages, which in turn reduced the amount
of irrigation available to maintain agricultural fields during the 2(PP13 season (McNeeley et al.,

2017).

Precipitation Change

Factors conthutingto 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 ofdal@r&ade Basin has decreased

by nearly a third compared to the historical average (Chavarria & Gutzler, 2018). Similarly, under current
and projected climate scenarios, reeéntury streamflows in the Colorado River Basi® expected to
decreasenearly 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 watesers. Elders from thavajo Nation in the
a2dziKgSadSNYy ! ®{d NBYSYOSNI aly | odzyRFyOS 2F ayz2¢
seasons. Whereas now, the snowfall melts within the day and rainfaréinf Kl & RNJ a4 A OF £ € &
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(Tom et al., 2018). The implications of @verdecreasing 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
KiwSeélle blriAz2yQa /fAYFGS ' RIELGFGAZ2Y tfly ljd2dadSa Y
children they experienced much rainier, snowier, and cooler conditions than taddythey report an

overall decrease in rainfall since 1948 (Campo CAAP).2018

The Tlingit and Haida Indian Tribes of Alaska Climate Change Adaptati¢nlifzin& Haida CCAP,

20199F AYRA& GKI G GNBYRA AYRAOIFIGS 'y AYyONBIFAS Ay LINBOA
be less snow cover. Snow cover llankehat protects fragilecedar 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. Paradpxically

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
aSYyaArlAgdS alfyz2y &alMadygGCAB2BNPR dzy Raé¢ o6¢f Ay3AAl 9

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., 28). 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 supptrtthe need for municipal

water and the ability to run the hydrgenerator, forcing the Tribe tohoose to shut down the hydro

generatorand rely on diesel generators for electricity. This imbalance between available water supply

and demands forwaterany SNH& A& RdzS (G2 || G&AKATFTUG Ay LINBOALRGIE
GSYLISNI (dzNBa (GKFG NBadzZ da Ay tAGGES G2 y2 ayz2¢Ld O
2018).

Water and Food Security Impacts to WaterDependent Subsistencéiunting,and Gathering

Many Tribal and Indigenous communities are actively engaged in the cultivatigtiizationof

traditional nutritional and medicinal plarg such as corn, reedacorns, sage, juniper (including Eastern
red cedar) andmany othergNative 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 seisuriextricably 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 econesi{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 teresthe valuable resources these commities

depend on for the survival of their people, cultuesnd language and haseated a worrisome future for
those so dependent on water (Misra, 2014; Cozzetto et al., 2013).
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For Indigenous peoples the North, and in particular for the Inuit oflaska, reliance upowater and
the marine environment and its biodiversity has been and continues to be fundameritaditassurvival.
The coastal seas and ocean provide essential elememiteooverall wellbeing. In additiortraversing
sea ice is requid for most harvesting activities among Alaska Native communftfesse profound
relationships have economic, social, cultural, and spiritual dimensions inexplicable in the English
languagePresently, the integrity and stability of ocean ecosystem dynaraie being seriously
threatened by factors such as the loss of seadcean acidificationocean warmingmicroplastics
coastal erosionimpacts to marine mammal habitat including whale calving graad subsequent
impacts on food chains. Such condlits directly affect Alaska Natiieibal members that rely upon
seals, walrus, whales, and other marine mammals.

Concerning the loss of sea ice in Alaska, the Intergovernmental ®a@imateChangeSpecial Report

on Oceans and th@ryosphere in a Changing Climarelerscored thainequivocal linkage between

oceans, biodiversity, and climate change. The report highlights the essential dynamic between Arctic
flIYyRFIFIAG A0S YR FT22R a4SOdzNRA (& drefiMther dmphaasizesQa 021 a i
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 sourcdPCC SROCCC, 20(®E alsoChapter 4: Ecosystems & Biodiveryity

Food and medicinal plants are both seasonal and perertniafor some Tribal communities, notably
medicine people and subsistence gatherdingre is a specific timeline and protocokfproper

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 harvesant species needed for a tirgpecific 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 shast longterm delays in the intergenerationtgéachings and
sharing of cultural stories, practices, and languagdsch in turn may have physiological and spiritual
impacts (Swinomish, 2010; Donatuto et al., 2011). For example, if a specifiwateldspecies that is
considered to be culturally sigitant 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).

CKNBFGa G2 G§KS { ¢ A selantad an ks salidh fiskey AvhichislinRldcling, arg” |
O2YLlR2dzy RSR o0& GKS ¢NAROSQA @dzZ ySNIoAfAGeE G2 aSlk S
proactively creagd a climate action plan (Swinomish, 2023)d nearly 50 Tribes have followed suit

Water-related climate change impacts of concern to the Swinomish and dthlees include but are not

limited to increased flooding, ocean acidification, rising river temperatures, fdeséructive storms,

and habitat lossSimilarlyi K S | dzLJQ hakcartrificRllydeperdlupon 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 o 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
disappeargMarksMarino, 2019a; Mark$larino, 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 prevalenuestsf 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 grang 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 decadefong drawnout efforts to secure greater access to water righsate 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 providjrfor their families, the traditional knowledgef 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 suofikiamars, 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 waterand drinking watefChurch et al 2015)as well as water for fire protection
andrecreation. 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, watestorage in reservoirs in thuthwest hasdecreased since 2000 due to

drier and warmer conditions (Scanlon et, 2015). For the Colorado River Indian Tribes in Arizona, this
meant negotiating an agreement with the Bureau of Reclgonato use less water (from the Colorado

Rive) for agriculture in exchange fobtaining funding for the Tribes (James, 2020).

Climate change may also impact dam safety. The intensity and fregudrextreme rainfall events are

increasing as a resulf alimate change, which in turn has caused a number of damst(of which are

nearly 60 years oldo 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 wereatlyidpnilt 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 Interitine BIAs responsible for 90flusdams on Tribal

lands, and 138 of those daeNB O2 y &4 A K$ NB RBERETYR FRIONKE o0C9a! I HAM
RIY Aa Of I KIANFMNRR OKSYKANKSNE Aa | fA1StAK22R 2F |
Of r aaAFTASRKEEI HIBA 3gRF KX Ofi KANB  Aoas ifit fails (FEMA{ 2002 2 R 2 F S

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 (Chwh et al., 2015; Guarino, 2013). Entire villages and fishing sites have been destroyed
due to numerous dams that were built along tG@elumbia River in the Paciflorthwest, resulting in

125



impacts to the subsistence lifestyle of the Indigenous peoplesisfrégion (Smithsonian Institution,
2018;Church et al., 2015).ddn operations and reservoirs may le@adncreased river temperatures,
temperatures reach more than 68 degreeshealthy environments focold-water fish (such as salmon)
are created Smthsonian Institution, 2018; Nichols, 202@almon play key role in maintaining food
security and culture for some Bal communities in the Pacifidorthwest. The construction of large
Army Corps of Engineers dams in the MissowerfBasin resulted idestruction of communities and
permanent loss of land, along with all of the seemnomic and cultural trauma, some lastimgd
permanent, resulting frondisplacement from familiartraditional,and sustaining riverside neelands
and environmentslawsm, 2009).

It is especially importarfor state and federal government agencies involved in flood control and water
supply operationand management toneaningfully engage and consult with sovereign Tribal
governments and affected communities so that fuidwperation 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 maer are captured in the geologic record. Huntaings continue to be afflicted

by flooding; considerable resources are expended on preparing for and responding to floods. Extreme
precipitation events are projected to increasebioth observed total and heg precipitation in many,

but not all, regions of North Amerieamder multiple emissions scenariff3eneviratne et al., 201,2and

this will in generalead toincreased erosioand floodingand to a large set of related impacts

Flood control and mitig#on of flood impacts have yielded mixed results, sometimes inducing further
development and settlement in areas that continue to be susceptible to floq@irg, Horr& Webel,
2019; Peralt&& Scott, 2019)Flood hazards in both riverine andastal environments are exacerbated
by impacts from global climate change on the hydrologic system. Drandhted vegetation loss,
coastal and river system managemegmactices government policies, and natural resource extractive
practices are all imptant related factors. An especially pernicious aspect of coastal flo@disgciated
with sealevel riseis that this impact from changing climate will continue to grow in spatial extent and
magnitude over time athe climate warms andlacial ice contings to melt(see, e.g., Kirezci et al.,
2020)

The Coastal Environment

The mean global trend of absolute deael is illustrated ifrigure7. When it comes to floodindriven
by climate change, there is considerab&tainty concerning what has happenaddwhat is ongoing
and this can be coupled withodelbased forecasts as what the future is likely to brig in oceanic
coastal settings.
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Global Average Absolute Sea Level Change, 1880-2015
12

10 Trend based on tide gauges
— Satellite measurements

Cumulative sealevel change (inches)

1880 1900 1920 1940 1960 1980 2000 2020
Year

Data sources:

+ CSIRO (Commonwealth Scientific and Industrial Research Organisation). 2015 update to data originally published in: Church, J.A.,
and N.J. White. 2011. Sea-level rise from the late 19th to the early 21st century. Surv. Geophys. 32:585-602.
www.cmar.csiro.au/sealevel/sl_data_cmar.html.

+ NOAA (National Oceanic and Atmospheric Administration). 2016. Laboratory for Satellite Altimetry: Sea level rise. Accessed June
2016. http://ibis.grdl.noaa.gov/SAT/SealevelRise/LSA_SLR_timeseries_global.php.

For more information, visit U.S. EPA's “Climate Change Indicators in the United States” at www.epa.gov/climate-indicators.

Figure?7. Global Average Absolute Sea Level Change(28&86.https://www.epa.gov/climate
indicators/climatechangeindicatorssealevel

In the U.S. coastal environment, rising relative sea level due to global wagindnged ice melting and
thermal expansion of warming sea water causes inundation of areas formerly above s€BgitpueB).

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, laed magde

uplifting relative to sea level due to tectonic movements. Also, in a limited number of places such as the
Mississippi RiveDelta in the Gulf of Mexico, subsidence due to deltaic sediment consolidation, reduced
sediment delivery by the river, dtmasement subsidence coupled with absolute sea level rise due to

climate change collectively also drigeastal inundation (see, e.g., Wolstencroft et al., 2014; Turner,
2017)b h ! | Q& (¢TheRIS debdit8/pFovides an excellent summary of sea level trends in North
America and globally.
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https://tidesandcurrents.noaa.gov/sltrends/
https://tidesandcurrents.noaa.gov/sltrends/

Relative Sea Level Change Along U.S. Coasts, 1960-2015
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J Pacific Islands
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Data source: NOAA (National Oceanic and Atmospheric Administration). 2016 update to data eriginally published in: NOAA. 2009.
Sea level variations of the United States 1854-2006. NOAA Technical Report NOS CO-0PS 053.
www.tidesandcurrents.noaa.gov/publications/Tech_rpt_53.pdf.

For more information, visit U.S. EPA's “Climate Change Indicators in the United States” at www.epa.gov/climate-indicators.

Figure8. Relative Sea Level Change Along U.S. Coasts;2D460https://www.epa.gov/climate
indicators/climatechangeindicatas-sealevel

Due to their proximity to coastal shorelines, some Tribal communitiesluding but not limited to,the
Puyallupand QuileuteTribesin Washingtorstate, the Isla de Jean Charles Tribal ocoumity of

Louisiana, and Alaskative villagesut as Akiak, Kivalinand Shishmaref are especially vulnerable

to coastal flooding and erosipas they may be forced to relocate inland due to land,loksnately

leading toloss of identity, culture, and a subsistence lifestyiéalker, 2021Ristroph, 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 relocatyen after attemptst shoreline stabilization
(Dannenberg et al., 2019)t has been observed thatam surges from strong winds combined witie
increasinghumberof icefree days per year are contributing to more coastal flooding in coastal Alaska
communities.
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Source: U.S. Geological Survey. | GAO-20-488

Land loss at Isle de Jean Charles, Louisiana, from 1963 to 2002028J0

Summarizing 2008nd2009 U.S. Government Accountability Office (GAO) studies, the National Wildlife
CSRSNI GA2Y S6HnanmMmMUO AYRAOI (vBwlagésKverd affécté@tiNsBmeldégreg’byH n n !
flooding and erosiopand 31 villages face imminent threats that are compelling them to consider

LISNXY I ySyilG NBf20FGA2yoé {AyOS (4KSyxX G4KS tfrail {df
Fairbanks and U.8rmy Corps of Engineers, 2019) has been issued. It provides a contemporary look at
threats fromerosion,flooding, andhawingpermafrost inremote Alask@ommunities updates and

supplements elements of the prior GAO and National Wildlife Federationestualnd provides risk

ranking by community.

The Samish Indian Nation of Washington has observed a trend of rising sea levels over the last decade.
GLYGSYyaS 46AYyUGSNI ad2Nya KrgS SR G2 O2Faidlf Ff22RA
are both naturally occurring and predictable) have been larger than in the(pestksMarino, 2019c¢)

King tides coupled with winter storms have damaged infrastructure, leading to further flooding and

temporary loss of access to the mainland. Cultural sitesat great risk from the erosion caused by

NAaAy3 &SI -MariBog2d19d.Thednaphctddbf dea level rise highlight the importahce

threatened communities to be considering relocation, managed retreat (Siders, 2019), or protecting

existing ececultural resources.3eeChapte 10: Protectionin-Place &Communityled Relocatior)

129



July 2007

October 2019

Source: Federal Emergency Management Agency analysis. | GAO-20-488

Shoreline recession (land loss) at Newtok, Alaska, (GAO, 2020) d

erosion, permafrost degradation, and stodmiven flooding.

Riverine (Fluvial) and Lak&acustrine) Environments

Continental U.S. decadto centurylong fluvial flooding trends (Peterson et al., 2013) indicate that the
Midwest, Northeast, and uppeBoutheast have suffered greater flooding over tiifsee map below).
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Recent modeling of ture riverine flooding that incorporates global climate models (Hirabayashi et al.,

2013; Willner et al., 2018) has yielded early fessbut these forecasts have limitespatial resolution

and significant uncertainty. Nonetheless, Willneretal. (206i8) i1 S G KIF G aF2NJ 6 KS | y Al S
50 states, and the District of Columbia, will experience an increased flood risk if no additional protection

YSI &dzZNBa FFNB (F1Sydé ¢KSAS (elLlSa 2F addzRASa I NB A
inform national and regional flood planning.

Cycles of extreme flooding have severely impacted the Quapaw Nation (see narr&ivapiter 9:

Emergency Managemetited ¢ KS v dzl LI 6 bl A2y Q& LYO2N1LRNIGA2Y 27
PreparednesPlanning. During the 20182020 season, up to 80 inches of rainfall was recorded on the

Quapaw Nation. The associategtreme precipitation events give rise to flooding that not only damages
infrastructure and roads, but also negatively impacts plantingj lzarvesting (Mark&4arino, 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 BaRiver Band relocated its community at Odanah, WI, to higher ground in the period
1960 to 1990 to avoid repeated devastation from the Bad River flootRER( 2018 Although the

cause(s) of the 1960 flooding have not been linked to climate changedidgatation response of the

Bad River Band to the hazard is highly relevant. The Band remains vulnerable to flooding. In July 2016,
10¢12 inches of rain fell in the reservation area duringeaght-hour period that significantly damaged
transportation infratructure and was disruptive to their access to hunting, fishing, and harvesting of
traditional foods such as wild rice (Mark&arino, 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. Howevdrewit is dropped as rain, the rain may

quickly melt some or much of the existing snow very quickly (this is known as@nrairow event),

which leads to the rapid runoff into streams and rivers that causes flooding of downstream communities
(Musselman eal., 2018; Puyallup Tribes of Indians, 202@)ditionally, he formation of ice danifams

in rivers can be a major source of flooding in the spféng., Rokaya et al., 2018)his can also occur in

the winter due to rapid warming events, sometimes@uopanied by heavy rainfall.

In recent years, rain-snow events have caused flooding for the Confederated Tribes of the Umatilla
Indian Reservation in thidorthwest. In February 2020, the Umatilla River peaked at 19,000 cubic feet
per second (cfs), surpaing the previous recosdigh flowof 15,500 cfsecorded in 196%Stoelb, 2020).
Immediately after the flood occurred, a state of emergency was declared for the Umatilla, Union, and
Wallowa countiesincluding the Confederated Tribes of the Umatilla Reston, 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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Lakerelated (lacustme) floodingand inundationoccursin addition toriverine flooding. Recent
examples include high water levels in the Great Lakes area aibttieern U.S. While the connection
between suchhigh water levelgnd climate change has not yet been demonstratedefuted, this is an
area of concern for Tribes and Alaska Natillages with lake or shoreline frontage utilization

For exampleburial groundss A 1 K NBEYI Aya 2F [AGGES ¢NI gSNBRS .| @&
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 shorehdethat includes casal roads. The

lake and shore provide a fisheaypddrinking water and foster visits from tourists. In 2018, riverine and
lake/coastal flooding impacted the Community. Recently, the Community developed a draf22220
Keweenaw Bay Indian Community Hazard Mitigation Plauich addresses both riverine and coastal
flood hazards and their tigation. For those Tribes and Alaska Natiillages 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 resourcesymidigiod organizations

that will respond, and responses that can be readied for the future, etc., as these flood events are only
uncertain in their magnitude, duratigmnd timing, and there is no question as to whether they will

occur in the future.

Thelongterm warming of the Great Lakes is documented and signifi@agt,Anderson et a].2021).

With this warming comes a wide arrayinfpacts towater quality, regional climate, ecosysters, and

other areas including impacts yet to be identified or quantified. Declining winter ice on the Great Lakes
(Wang et al., 2017) and warmenater and aitemperatures have led and will lead to increased exposure
of coastal environments to colseason wave action as cgal ice formation and duration diminishes.
Warmerair temperatures will impact neashore geomorphic slope and related processes. These
impacts will be compounded when coupled with the abaescribed high lake water levels, regardless
2F (GKS ®d(slia SNRa Ol dz

Flood Inundation Mapping and Insurance

Regrettably Tribes have at times borne the cost of floadntrol measures implemented by other
government entities, mainly the federal government. The history (e.g., Lawson, 2009) of tH28tmid
century PickSloan program in the Missouri Riv@asin illustrates that numerous occupied, productive
and preciousTribalriverside lands were permanently taken almost entirely for the benefit of powerful
external constituents, with mass displacement of individuald @mmunities together with lasting
economic, social, food securjignd cultural hardships, some permanent.

2DNBIFG [F1Sa b2¢3 aLYy aAOKAILYyS NRaAy3d t+1S tS@Sta RAA
https://www.greatlakesnow.org/2020/09/michiganisinglakelevelssacredground/

2l Keweenaw Bay Indian Community Hazard Mitigation Pigps://www.wuppdr.org/uncategorized/202-2025
keweenawbay-indianrcommunityhazardmitigation-plan-draft-availablefor-review-openjuly-1st/
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Still, there aréeTribesand Villages that mayenefit from enhanced flood inundation mapping initiatives
and possibly from flood insurance, bathwhich are provided at the federal level, principally through
the Federal Emgency Management Agency (FEMA)e GAO (2013) reported that:

9 just37 of 566 federally recognizediies were participating in the National Flood Insurance
Program (NFIP)

1 mog Tribal lands remain unmapped by FEMA for flood risk, a consequence of prioritizing urban
over rural settings

1 without flood hazard maps,ribal communities may be unaware of their flood risk, even in-high
risk areas

9 Tribes may lack the resources and adisirative capacity needed to administer NFIP
requirements, and NFIP premiums aren too high for lowincome Tibal members

1 some Tibes do not have reservations over which they can enact and enforce the land use
ordinances that are required for NFIP peipation, due to individual allotment

It is not for us to say that a giv@mibe or Alask&lativevillage should or should not participate in the
NFIP. However, it could be of greatnedit to Indigenous communitiei§ FEMA would prioritize and
accelerate the progress of flood risk and forecasted inundation mapping in areas Witemdands and
Tribalcommunities exist. Further, FEMA, while subject to Congressional constraints on what it can do
when it comes to moiflying its programs and approaches, should engage MWidilgenouscommunities

to learn how its flooemapping andlood-insurance programs could better serve them and take timely
action to correspondingly improve those programs.

Landslides

Landslide, or @rth-movement, hazards are very diverse and range in size from shallow fetisand
postfire runoff to deepseated landslides capable of moving houses or entire landscapes. Very
generally, and ruling out alpine, quick clay, and other more restridestes of earth movement, the
former types of events may be relatable to existing moisture conditions combined with shemter
intense rainfall events, whereas the latter are more likely to be associated with deeper soil moisture and
groundwater conditims, compounded by geologic variables that may be related to seasonal trends in
(increased) precipitation or to even longerm climatic trends persisting over years or decades. The
range of earth movements under consideration here is potentraligtableto climate change, as
discerned, for example in southwestern ctel British Columbia (JacobL&mbert, 2009). As an
illustration, the Hoopa Valley Tribe of northern California has experienced significant damage from
previous landslides and as such hasated a significant portion of their hazard mitigation plan to this
hazard chss (Hoopa Tribal LEPC, 2014).

Conclusions

Climate change impacts on overall water quality, harmful algae and biotoxin events, ocean acidification,
flood and landslide hazardsd risk, drought and water security, dams/reservoirs and water supply
managementpiodiversity and landfast ice and sea ialgng with waterlinked food security are priority
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concerns for Tribes and Alaska Natives. Observations, experience, monitoragyremaents, and
analysis (inclusive of modeling and inference) document ongoing impacts in these priority rzoleas a
provide improved forecasts as tanges of impact(s) that may be expected.

Water quality impacts are far reaching and include ocean awadiibin along with increased prevalence
and frequency of biotoxins that originate from algal bloom events. These climate chrathgsed water
guality deviations from normal conditions result in a widege of ecosystem and human impacts that
include diseas, illness, mortality, water insecuritynd food insecurity. Tribal andIMge communities
and individuals must react and eventually proact to address water quality impacts imposed by the
changing climate.

Climate changedriven coastal flooding is alrdg 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 thedd.Begpast
several decades sdbeen identified ands 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 ieases 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 fundietptett

resources to support managed retreat for those communities in which such an approach is the preferred
alternative.

Climate changedrivenwateeNBS f F § SR A YLI Oda (2 LyRAISGodazd O2YYdzy A
water security are real and documted. 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 sustaineddnormative drought), or increased precipitation frequency, duratj@mm magnitude.

Informed deliberation, decisiemaking 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 andmiified on a periodic basis, e.g., evéige 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. Boentihing, the
development and implementation of any actions taken need to happen locally, at the sovereign Tribal or
Village level, ad not be imposed from without.
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Chapter 42.1:DrinkingWater Infrastructure

With the changing climate, drinking watgrfrastructure is a
big concern for Tribes. Tens of thousands of Native Amer
families do not have adequate access to safe drinking wa
alye ¢NRA0oSaQ ¢ GSNI dzi At A A
maintenance, adequate staffing, or sustained funding.
Waterinfrastructure and staffing deficiencies provide
opportunities to install climateesilient projects. An example
is the Chickasaw Nation and Choctaw Nation of Oklahom
their water resources issues include extensive drought an
flooding which impact theaiwater supply. In response, they
have developed a Drought Contingency Plan and adaptat
projects to address their concerdsresearched overview of
Drinking Water Infrastructures it relates to Tribes and
climate changdollows these narratives, begimg with the
Key Messages and Recommendation that the authors ha
identified.
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Leading the Way in Implementingdaptation 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 fedkly recognizedrlbe located in the soutitentral region of Oklahoma. As
a primary land holder in this 7,648 square mile region encompassing 13 Oklahomespting Tribe
has the potential to influence land management practices and conservation of many species in the

region.

JSNI GA2

The jurisdictional area of the Chickasaw Nation includes significant water resources of importance to the
diverse communities acrossitregion. The Arbucki®impson Aquifer is the principal and, in some
cases, the sole source of water for 150,000 people in soattiral Oklahoma, including the cities of
Ada, Sulphur, Mill Creek, and Roff and the rural water districts in Murray andidol@sunties. This
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drinking water source. Additional water sources in the area include the Red River and the Canadian

River.

The Choctaw Nation of Oklahonsaalso a federally recognized Tribe and is located in southeast and
eastcentral 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 headquareireDurant, Oklahoma. Durant draws all of its water
from the Blue River, a sprifigd river originating from the Arbucki8impson Aquifer (in Chickasaw
Nation jurisdiction). The Blue River does not have anglannel reservoirs, thus decreasing the
potential for providing reliable supplies during periods of drought. In fact, during a drought i 2011
year that was both the hottest and driest on recorthe Blue River almost ran dry below the ( & Q &
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, byemtlry, daily high

temperatures to increase by up to 6°F during the summer month&4@@nore days per year with
temperatues 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 wat&ther 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 disinfectionbyproducts.

Nations and Consortium Memlsasf South Central CASC

In 2012, the SoutiCentral Climate Adaptation Science Center (CASC) was funded by the U.S. Geological
Survey (USGS) with two Tribal nations as full consortium memligngkasaw Nation and Choctaw

Nation of Oklahoma. As consortium members, the Nations partner with the US@&8rdity 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
0KSANI 2dz2NR aRA Ol A 2 v & tdategickaddacticaNffanning far thé BoSth Ceht@I{CAIC, F 2 NJ
bringing Tribal voices to thefNB FNR y i 2 F (G-aking. ! { / Qa4 RSOA&aAZ2Y

Red River and Canadian River Future Streamflow Projections

The Nations led research at the South Central CASC to assessdamflsw in the Red River Basin

YAIKG OKIFy3aS Ay (KS FdzidzNBzX IABSYy GKS /! {/ Qa LINE2
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the Red River Basin is &ketgreatest risk of experiencing reduced flow. Throughout the basin, peak

flows are projected to be higher and low flows to be loyeefinding that is consistent with the

expectation that future floods will be more severe and droughts will be more extr@ine study also

assessed the climateduced hydrological changes on the aquatic ecosystems, including threatened and
endangered species. The Nations are continuing this research in the Canadian River Basin duging 2020

21 so that they have streamflow pegjtions for all their jurisdictions.
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Implementation of Water Adaptation

Projects

Adaptation is defined by the

Intergovernmental Pael on Climate Change

Fda aU0KS LINRPOS&aa 27F | Redzad
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2014). Decisions and actions to prepare for

adverse consequences of climate change

are known as climate adaptation strategies.

| With these and otherlenate-impact
research results, the Nations have begun to
develop water adaptation strategies. The

This photo is an aquifer recharge study porah which the  Nations are leaders in the region, working
Chickasaw Nation is partnering with Oklahoma State Univers ith water providers across their

East Central University, EPA Kerr Lab, and the City of Ada. | wi p
credit: Wayne Kellogg jurisdictions and assisting with identifying

and researching adaptation optior®ne
project developed arought contingency plan for the Arbuck8mpson Aquifet? 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 Nahs are also working with federal, state, and local partners to study
opportunities for artificial aquiferecharge options througbut their regions.

The Nations have started working with communities to examine wastewater reuse as an economically
viablealternative 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 partnenivith communities to reduce leakage rates in
water supplydistribution 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 losseand 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 ArbuckleSimpson Aquifer drought contingency pldnttps://www.okainstitute.org/drought-contingency
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Drinking Water Infrastructure

Key Messages

0 Tens of thousands of Native Americans do not have access to safe drinking water. Climate
change has the potential to exacerbate this latlkccess.

0 Operation and maintenance (O&M) of water systems is key to sustainability, cost effectiver
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. Prope
O&M may become even more critical with climate change as systems reéspamcreasingly
extreme climate events and greater uncertainty with respect to water quantity and quality
conditions

0 Water infrastructure deficiencies provide opportunities to install climegsilient infrastructure.

Recommendation

Climate change is aking it more urgent to increase resources for Tribal drinking water
infrastructure and for operatiomndmaintenance to eliminate disparities in safe drinking water
access and increase infrastructure resilience to clirmalated disasters and impacts.

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; Rallet al., 2019). Inequities in water access have come into sharp focus in
2020, during which a recosdreaking number of hurricanes have formed and millions of acres across
the U.S. hve burned, all amidst the COVIB pandemic (NOAA, 2020; NJ2Q20). 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, nongiit entities, academic institutions, and the private sector are all important
partners in implementing communied solutions to address the wataiccess gap for Tribal peoples

and all peoples in the U.S. (Doyle et al., 2018; ITF, 2008, 2012; Rollepel ).

CurrentSate of TribalDrinking Water

Tribal communities obtain drinking water from diverse sourgeduding 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 100@pyklic
drinking wder systems (PWSs). The vast majoidtyout 97%) are small drinking water systems serving
less than 10,000 customers (ComBgn & Richard, 2018; GAO, 2018). Various programs within seven
federal agencies provide funding for Tribal PWS construclioe @encies include the Indian Health
ServicqIHS) the U.S. Environmental Protection AgefidEPAYhe U.S. Department of Agriculture
(USDA)the U.S. Department of Housing and Urban Developr(t¢bD) the U.S. Bureau of
Reclamation, the U.S. Army Corpg£ofjineers, and the U.S. Economic Development Agency (GAO,
2018).The Federal Emergency Management AgeR&MA also provides funding to help utilities lessen
impacts from future natural disasters. Once built, system ownership is typically transfertieel Toibe
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(GAO, 2018). Tribal households may also obtain water fromTindxal PWSer 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 reguled 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 avefdgemiles one wsa for

water at a cost of about $Q00 per year or 5% of the average annual household incomere than

double the $450 per year paid by Navajo Tribal Utility Authority customers for 10 times the water (ITF,
2008).

Al/ANHouseholdDisproportionatey LackAccess tdeanWater

Data about drinking water deficiencies in Tribal communities may come from different sources and
cover different aspects of the access issumwvever, all sources indicate that AI/AN households
disproportionately lack access ttean water. Accordingtotie ®{ ® / Sy adza . dzNBI dzQa
Community Survey (ACSIative American households are 19 times more likely to lack indoor plumbing
than white households (Roller et al., 2019).

IHS''Home Inventory Tracking System (HIig$)e main database tracking sanitation deficiencies in

Tribal homes nationwide. In#ll{ = G KS GSN¥Y aalyAidliAzyé AyOf dzRSa
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 sydteth, 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 region2(QHS.

At the start of the 2020 QVID19 pandemic, IHS idengfil 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 Driking Water Act (SDWA) violations include failing to follow monitoring and reporting schedules
and violating maximum contaminant levels (MCLSs). A review of EPA data for Tribal PWSs in 30 states
showed that monitoring and reporting violations occurred at mgawice the rate for Tribal vs. nen

Tribal customers (Conreen & 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 PV6s had 50% or more MCL violations per capita thanTndoal customersindicating greater
consumer exposure to unsafe drinking water. However, Tribal PWSs in the remaining states had similar
or fewer MCL violations than their nefribal counterparts. Theost 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 (ComBgn & Richard, 2018). Potential emerging
contaminants in Tibal PWSs include perfluoro@estesulfonate (PFOS), vanadiwstrpntium, andin

particular, chlorate, another disinfection byproduct (Confgn & Crowder, 2020). Addressing SDWA
violations is important for reducing disparities in safe drinking water acces
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TribalDrinking Water DeficienciesMay Be Underestimated okJnknown

Although the above data sources help define the scope of the iddnkater access problem, thaeyay
underestimate deficiencies. AN are the most undercounted ratigroup in the U.Sensus bgn
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 unshelterdaho data are collected as to
whether plumbing functions wedindisreliable and if service is affordable (Roller et al., 2019).

LY FTRRAGAZ2YS LI{Qa IL¢{ RFdGFI0FrasS tA1St& dzyRSNBadA
RSTAYySa Fa AyOfdzRAY3I 020K RNAY1AYy3I 430ES NR S FARO A yadia
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 tt provide information to IHS because of cultural or other concerns (GAO,

2018). IHS Oklahoma Gjarea officials estimated that 100,000 homes eligible for IHS assistance may

not be in the database due to challenges identifying eligible homes within coiitisgithat have a mix

of Tribal and nofTribal residents and that are not on reservations (GAO, 2018). IHS Pqdtaad

officials estimated that an unknown number of eligible homes in their region are excluded from HITS

because of difficulties identifyingribal 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 indicatdnether deficiencies have been assessed, tairgghomes 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 toemtltlata 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 vi@as 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 ofinfrastructurelnvestmentNeedsMay Be Underestimated

Two reports describe investment needs related to drinking water infrastructure. Ai8lsal Report to

the Congress of the United StategsSanitation Deficiency Levels for Indian Homes and Communities

includes costs related to both drinking water and veagater infrastructure, reports costs related to
SEAaAGAYI ySSRaZ YR A& o6lasSR 2y RFEGlF Ay LI{4Y&d 1| 2Y
Drinking Water Infrastructure Needs Survey and Assesdiaarges solely on drinking water, projects
capitalimprovement 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 (USHERS),
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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 whetbrenot 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 sanitigfariency projects wer
considered feasiblevith a cost estimate of $985 million. Projects areexaluated annually to
determinewhethercosts and/or scoring have changed. Some Tribes object to the feasibility threshold
because they feel that their community projects will eevank high enough to be funded (SPPW, 2011).
Infrastructure costs may be underestimated due to the deficiencies in HITS.
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need estimated for the 201Bssessment 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
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population growth, private infrastructure (e.qg., private drinking water wells), or adapting drinking water

systems to be climateesilient (GAQ2018).

Natural DisastersSgnificantlylmpact Safe DrinkingWater 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 risksrikirtlyiand 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 tdatwth National Climate
Assessmentthe risk of climateand weathetrelated 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.

ClimateChangelmpacts on TribaDrinking Water Supplies andSystems

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 regidwowever, all regions will be affected by climate change.

Water Quantity andWater Demands

Rising air temperatures, greater evaporation, and increasing drought may all contribute to future
shortages in both surfacand 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 demandsef@griculture 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 snowk@an decrease aquifer recharge from slowly melting snow
(CTUIR, 2015). In Alaskeduced water availability due to surface hydrology chargmsd cause tundra
lakes used as water supplies to dry up, and residents are concerned that thawing permadyuistiesud
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to the ground absorbing more watatesulting in springs going dry (Brubaker et al., 2010; Kettle et al.,
2017). In the Alaska Natixé&llage of Waimright, thawing permafrost and erosion are ruining ice stored

in cellars for drinking water (Brukar 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 negatedvgter quality impacts.

Water Quality

Climatechange will likely contribute to and exacerbate water quality issues in both surface and
groundwaters. The strain on existing water systems will potentially ngagsadditional treatment

and/or the development of supplemental or alternative water sag¢GAO, 2020b). Permafrost thaw,
floodinginduced erosion, and wildfires followed by flooding can all contribute to increases in water
turbidity. Turbidity can interfere with the chlorine disinfection procesmsd associated organic matter

can react withchloring producing harmful byproducts (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 (KaruktSetlal., 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 Bearea 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 concernaldout sea level risenduced saltwater intrusion into coastal
groundwaters (GAO, 2020b; LNRD, 2016; Murtay.£2013; Shinnecock, 2018uring the 2013L6
drought, the Yurok Tribe observed increasing saltwater influence in some coastal water sujgply wel
(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 membereddurther 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
emotional R A LIANRGdzr £ O2yaSljdzSyO0Sa NBadzZ GAy3a FNRY GF .
where taking water may upset the balance of the place where it is needed (Cozzetto et al., 2018).

Infrastructure

Floods, wildfires, drought, permafrost thaw, anasion can all damage watsupply 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). Infrastructiee damag
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 ldkeels below intake infrastructurand caus them to suck in

mud, impacting pumps and filtration equipment (GAO, 2020b). Fire can damage well syaliemsg

for contamination by chemicals, microorganisms, and fire retardants (Waksom 20HB).
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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 felsalting in greater costs
(Brubaker et al., 2010; GAO, 2020b). Flood watersrddinate old infrastructure, overwhelming water
treatment systems (Stults et al., 2016). Réist sediments washing down during floods can clog water
intakes, shorten filter runs, and increase backwash frequency and the amounts of sludge to dispose of
(Gzzetto et al., 2018). Pofite sediments can build in and decrease reservoir capacity (GAO, 2020Db).

CascadindnfrastructureFailure

Tribes have concerns about climate hazard impacts on secondary infrastructure, which could lead to
cascading infrastruatre 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 servieguptions and/or unsafe

water being delivered (USEPA, 2013). Extreme events like flooding could damage or overload septic
systemscontaminating water supplies (PED et al., 2019; Waskom et al., 2013).

Compoundvents

Compound events in which two arore 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 contolfidgeding 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
accessibilityresulting in serioa health and safety risks for whole communities.

NonclimaticChallenges andOpportunities Facing TribaDrinking Water Systems

In addition to climatic challenges, Tribal drinking water systems face multiple, interconnected
nonclimatic challenges thahay interact with, compound, or accelerate climate change impacts

that may result in communities not reséng safe drinking wateGSuch nonclimatic challenges may

include undefresourced personnel, legal and jurisdictional issues, infrastructurariadinancial

issues, and inadequate operation and maintenance of systems. Some challenges are similar to those
experienced by other small drinking water systems. Others are unigue to the Tribal context (Doyle et al.
2018).

UnderresourcedPersonnel

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 haitedi knowledge of and time to

investigate diverse funding sources (Doyle et al., 2018}y Tay also have limited grant writing and
administration expertise. Additionally, there are no federal requirements for water treatment plant
operator certification for Tribal PW®Boyle 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 expertasd 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 challengesgecrditin
retaining personnelresulting 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 insufficiamtrkforce 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 gdpstand

institutional knowledge (Doyle et al., 2018).

Legallurisdictionallssues

Tribes face complex legal/jurisdictional issues affecting their ability to establish, operate, and maintain
drinking water utilities. These include land fractionation, processigaining rights of way, lack of clear
eminentdomain authority, and conflicting regulations witkspect toTribal hiring and contract

preference (Doyle et al., 2018). Grants may require a partial waiver of sovereign immunity, which Tribes
may not wantto 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 enwiental enforcementwhich can affect

utility construction and operations. For example, finding unanticipated hazardous waste when installing
distribution lines can increase costs and cause delays (Doyle 208). 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 et28113). Some Tribes may have litigated and

won their rights, but do not have the financial oesces 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 hunveh as
environmental water needs may go unmet.

InfrastructuralFactors

Existing infrastructure in many Tribal communities is aging and mayititia#ly been built to serve

smaller populations (Doyle et al., 2018; GAO, 202@kastructure nay thus already be starting 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 rakxtéo marginal areas with fewer and lower quality
water supplies.

Operation andVlaintenance

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 ferezinergency 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 i design life are diverted from providing drinking water infrastructure for those

gK2 R2 y2i KFE@S AlG® ! RSIljdd 4GS hga A& Itaz ONARGAOI

151



Without it, consumer health may be compromised. Proper O&M requiréicent 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 conditiongiestrictions 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 codtwithbe associated

with new infrastructure being proposed (Doyle et al., 2018; ITF, 2008, 2011).

FinanciaFactors

Tribal communities are often smaller with lower population densities. Both mean that Tribes may have
higher costs per household to constt, 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 lovincome levels. People may not be able to afford the true cosps@fiding

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 commadification of
water (Chief et al., 2016; GAO, 2018; BtA,2). 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 whait was in 1977 (Roller et al., 2019). Furthermore, appropridtedingcan be far below the
estimatedneed In 2016 for instance, Congress appropriated $99.4 million for water and sewage
infrastructure, less than 4% of the $2.7 billion IHS estimateaitid 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 fundacluding funds for water projects, and Al/AN are the most
undercounted rai@l 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 TribaBRWhstruction, 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 farsaitty both the

climate chagerelated and nonclimatic challenges facing Tribal drinking water infrastructure. We have
included some of the key recommendations belaswvell as examples of Tribaldd initiatives to

address some of the drinking water challenges discussedeWereaders to the reports themselves for
further information and additional recommendations suggested.

Improving thedimate Resilience of TribddrinkingWater Systems
Learn from extreme events taking place now to better prepare Tribal water utilities for the future
(Ekstrom et al., 2018)
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lessons learned from handling extreraeents 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 AQ019)
Climateresilient 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 systaeore climateresilient 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 wateugplies 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 puncpsénof power
loss, and having more than one route or mode of transport to reach water treatment plants (CCS, 2011;
Ekstrom et gl 2018). Such actions include examples of both redundancy (multiple ways of
accomplishing critical functions) and flexibilability to adjust if conditions are different than
anticipated). Both are important traits of climatesilient systems (CCS, 2011).

Develop and enact federal interagency climate resilience guidelines for Tribal drinking water systems
(TCCP AR019)
Interagency climateesilience guidelines could be based on already existing efforts and adapted to meet
the unique contexts and needs ®fibalRNA Y1 Ay 3 o SN aeaidSyad hyS NBazd
Creating Rebént Water Utilities (CRWE&)program.

AssistindJnderresourcedPersonnel

Provide Tribal water system operators with a paycheck and be(@fis2012)
In some cases, Tribal water system operators may be volunteering in that role. Providipchack and
benefits could increase operator retention once they are trained.

Recruit and train Tribal members as operat@f$-, 2012)
Tribal members may have greater incentive than fleibal operators to stay with a Tribal utility.

Increase fundingofr entities providing Tribalfocused technical, managerial, and financial training
and technical assistan¢Roller et al., 2019)
Entities providingrribaly-focused water system training and/or petr-peer learning include the
United Southern and EasteTribes, the Inteffribal 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 watssipratls who
make onsite visits to help with operations, finances, and management (RCG2@}.

23 Creating Resilient Water Utilities (CRW)ps://www.epa.gov/crwu
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AddressindnfrastructuralGonsiderations

Increase funding for operaticand maintenance to extend water system lifetin{€EF, 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&MetpEgskems 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 populatiemsities and/or challenging
environments, more decentralized and/or newer technologies may provide morecfiestive options
(Roller et al., 2019; GAO, 2020a). These include jodientry treatment (devices that treat water when
it enters a home), poinof-use treatment (devices that treat water at a tap such as a kitchen faucet),
remote monitoring and operation, loygressure micreor ultrafiltration membranes, and atmospheric
water generation (producing potable water from the surrounding air) (Retlat., 2019; GAO, 2020a).
Federal, private, and nonprofit investors could support commuleitiyresearch, pilot projects,
implementation, and evaluation of treatment and cost effectiveness (Roller et al., 2019; GAO, 2020a).
Regulators could develop standia and technical assistance for decentralized systems.

Make climate resilience a condition for federal funding of drinking water infrastru(@4©, 2020b)
A requirement to make climate resilience a condition for federal funding from programs admégiste
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, 2020Db).

Improving theOperation andMaintenance of TribaDrinking 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:
Developpartnerships 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 maintaininguer and sewer systems (ANTHC, 2020). It also helps
communities set selfupporting 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 Sadiefdfordable Drinking Water Fund, which
includes significant and continuous O&M funding for struggling water facilities (Roller, 2019).
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Improving theFunding of TribaDrinking Water Infrastructure
TheFederal Infrastructure Task Forceltoprove Access to Safe Drinking Water and Basic Sanitation to
Tribal CommunitiefTF) has developed a number of recommendations related to funding.

Federal agency recommendations in@d{d’F, 2008):
Making available funding more accessible
Using avaable 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 includg'F, 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 eduding 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.
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Various sources nofending prioritieghat include increasing federal and state funding and strategically
using and leveraging funding among agencies to finance:
Infrastructure, operatiorand maintenance (top recommendation of comprehensive 2008 ITF
report)
Entities providing technical assistance; technical, managerial, financial training (Roller et al.,
2019)
Communityled research, pilot projects, and implementation of alternative water treatment
technologiesincluding evaluation of treatment and cosftfectiveness (ITF, 2008; GAO, 2020)
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Chapter 5: Health & Wellbeing

The health and wellbeing of Indigenous peoples is clos
tied to the health and wellbeing of the environment, an
therefore climate change poses both unique threats ar
opportunities. First foods are a vital source of spiritual
connection andhave a strong history for Tribes. Climate
change threatens tht connectionhowever 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 suppd
and implement communitgefined climate strategies
and capacity building within their communities to
strengthen resilience and perseveranggesearched
ovewiew ofHealth & Wellbeings it relates to Tribes
and climate changéllows these narratives, beginning
with the Key Messages and Recommendation that the
authors have identified.

Setting the First Foods Table for Climate Resilien
Written by: Teara Faow, WenixN. Red Elkand
Colleen Sanders

For the Indigenous Peoples of the Columbia Plateau,
F22R A& 0KSANI Odzf GdzNBz A
the First Foods that have supported and nourished this
flyYyRQa TANRG odalir@afidnsiR Kept in ¥
harmonic balance that can be traced back definitively
least 10,000 years into history through artifact evidenc
and much longer than that through the knowledge the
Tribal culture and foodways preserve. The foodways 0
the Weyjitletpuu (Cayuse),. Y I G | £ HUm@atHlay; |
andWaldulapam(Walla Walla) people involve the
gathering of many essential First Foods for subsistenc
and the traditional Food table is set with fish, wild gam
roots, and berries. Cultural land management practice
emphasize preserving cold, clear water and forests tha
undergo periodic burning, providing Foods abundant if
essential nutrients, rich oilgnd sustaining energy. The
Creator decreed to the People that they carry a promig
a reciprocal responsibility to respectfully care for,
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harvest, share, and consume traditional Foods, or they
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may be lost. But neither can survive without the other, arithef
Foods are lost, the People will be lost tbeir fates inextricably
linked. Since time immemorigdhmanwit has taken care dahe
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 begat and onlyt path forward for climate
adaptation rooted in environmental justice and the rights of nature.

For Indigenous peopdethe world has ended many times before.

Cataclysmic events that have shaped the existing landscape of the

Pacific Northwest are recorded in the stories and pras of Tribal

people. When massive ice dams in the Rocky Mountains breached to

release the torrential Missoula Floods that carved the Columbia
First Foods Feast to celebrate tf WA?SN‘D";‘ :F)}N'EG LIk UK u? 0 KS ZC:)SI' YAMpZ
return of wapato at a CTUIR Trib: U KSNB ® 2 KSYy a2dzyu aydruptdd badketiog £ RS NI
member's home. Photo credit: Tear j KS g2 NI R ¢gA0GK | 4K FYyR FANB FYyR F2N
Farrow Ferman. [ 1S¢ 20SNI Tt=snnn &SFNE 325 LIS2LX S

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 conqueringtt®” Y yF 3SR agAf RSNy Saaé¢ FyR Aa

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 worldaltering changes, so it stands to reason that they will again carry the people through this

changing worldtoo.

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. Regardin

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, Wiih,

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 extragticolonial

2LISNF GA2yad adzOK 2F (GKS ySSR FT2NJ aOfAYFGS FRFELIWIEG
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, onettisawholly

unfamiliar and frightening. Indigenous management values the

land as it wants to be and prioritizes the species that are living

prosperously on its landscapdthout extra inputs like irrigation, CTUIR Tribal membgathering wapato.
feed, or fertilizer, and thus the least riskycamost resilient to NeW  py,ot0 creditTeara Farrow Eerman.
stressors. Climate adaptation must focus on restoring natural
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