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COMMENT

WAMPUM Adaptation framework: eastern coastal Tribal Nations and sea level rise
impacts on water security
Kelsey Leonard

Faculty of Environment, University of Waterloo, Waterloo, Canada

ABSTRACT
Sea level rise (SLR) poses significant threats to northeast and mid-Atlantic Tribal Nations’ climate and
water justice. Existing SLR adaptation frameworks do not include Indigenous knowledge. Furthermore,
SLR adaptation policy prioritizes economic and property rights and is misaligned with Indigenous
coastal protection priorities. If Tribal Nations are to respond effectively to SLR then adaptation
frameworks must be designed and developed by Indigenous Peoples for Indigenous Peoples. Eastern
coastal Tribal Nations have a unique history of survival and resilience despite settler-colonial
expansion in the northeast and mid-Atlantic regions of what is currently referred to as the United
States. Experiences of eastern Atlantic coastal Tribal Nations highlight innovative response strategies
for SLR adaptation and coastal stewardship practices not reflected in existing adaptation frameworks
for the region. Indigenist SLR adaptation frameworks that utilize Indigenous knowledge are needed to
combat water security issues resulting from SLR risks such as flooding, saltwater intrusion, storm
surge, and erosion. This article proposes the WAMPUM adaptation framework informed by
northeastern and mid-Atlantic coastal Tribal Nation science and knowledge systems for climate
change adaptation to SLR.
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1. Introduction

Globally sea level rise (SLR) adaptation frameworks fail to
include Indigenous Peoples or knowledge in the development
of adaptation measures. This article introduces a unique set of
adaptation principles reflective of Indigenous resilience over
millennia in Atlantic coastal areas that can guide international,
national, and regional adaptation efforts moving forward. The
Fifth Assessment Report (AR5) of the Intergovernmental
Panel on Climate Change found that coastal communities
will be severely impacted by sea level rise (SLR) facing displa-
cement due to land loss by 2100 (Wong et al., 2014). Climate
change and associated impacts are persistent challenges to
Indigenous water security. The United Nations Declaration
on the Rights of Indigenous Peoples (UNDRIP) recognizes
Indigenous Peoples right to self-determination including
rights to Indigenous water justice (Robison et al., 2018). SLR
has been increasing globally since the mid-twentieth century
(Dangendorf et al., 2019) and in what is currently known as
the United States east coast climate change is exacerbating
issues of rising sea levels for coastal communities (Beckman
& Garcia, 2019; Marsooli et al., 2019). SLR generated by
anthropogenic climate change (ocean expansion and glacial
melt) already and will continue to have significant impacts
(cultural, economic, social, ecological, political, health and
spiritual) on coastal Tribal Nations of Turtle Island (North
America) (Jantarasami et al., 2018; Marino, 2018; Wildcat,
2013). SLR projections in the northeast and mid-Atlantic

models predict a rise of sea levels by as much as 12 inches
by 2050 and 29 inches by 2080 and within a rapid ice melt
scenario sea levels could rise in the region by as much as 6.5
feet by 2100 (EPA, 2014; Sweet et al., 2017). Sea level rise pre-
sents increased risks to coastal communities including flood-
ing, storm surge, saltwater intrusion, wetland loss, erosion
and inundation with vast implications for regional security
(Church et al., 2013; Kopp, 2013; Nicholls, 2018; Woodruff
et al., 2013; Xie et al., 2019; Yin et al., 2009). The Fourth
National Climate Assessment of the U.S. Global Change
Research Program identified that SLR threatens Tribal
Nations’ abilities to ‘pursue a mix of traditional subsistence
and commercial sector activities that include agriculture, hunt-
ing and gathering, fisheries, forestry, energy, recreation, and
tourism enterprises’ (Jantarasami et al., 2018, p. 579). SLR
will exacerbate inequality and jeopardizes Tribal Nations’
infrastructure, including water systems, as well as cultural
resources vital to sovereign integrity (Jantarasami et al.,
2018; Nash & Wholey, 2018).

Indigenous scholars and scientists have identified the
unique challenges facing Indigenous Peoples and nations
adapting to climate change and the compounded injustice of
combating settler colonialism alongside a climate crisis (Mal-
donado et al., 2013; Whyte, 2016). Although there have been
recent studies on climate change impacts for Tribal Nations
across Turtle Island (Maldonado et al., 2016; McNeeley,
2017; Whyte et al., 2016; Wildcat, 2013) to date there have
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been limited studies on the impacts of climate change and SLR
on Tribal Nations located along the Atlantic coast of what is
currently known as the United States (Cozzetto et al., 2013).
Eastern coastal Tribal Nations have fewer climate change
adaptation plans compared to coastal Tribal Nations in other
regions of the U.S. such as Alaska and the Northwest (Nor-
ton-Smith et al., 2016). Regional climate change studies of
the Northeast and Mid-Atlantic (Moser et al., 2008) as well
as state level studies of Connecticut, Delaware, Maine, Massa-
chusetts, Maryland, New Jersey, New Hampshire, New York,
Pennsylvania, Rhode Island and Virginia have little to no men-
tion of Indigenous Peoples (Epanchin-Niell et al., 2017; Fu,
2020; Gornitz et al., 2020; Taylor et al., 2020). Moreover, pre-
vious studies that may mention Tribal Nations located within
the region do not consider Indigenous knowledge or perspec-
tives on SLR adaptation measures.

There are numerous federally recognized and state recog-
nized coastal Tribal Nations in the northeastern and mid-
Atlantic regions with additional urban Indigenous commu-
nities throughout U.S. eastern coastal cities (See Figure 1).
For example, New York City has the largest population of
Native Americans and Alaska Natives of any city in the U.S.
with 112,000 individuals (Norris et al., 2012). Eastern coastal
Tribal Nations and Indigenous communities have a unique
history and ecological connection to the coastal areas and
waters. The primary focus of this viewpoint article is to pro-
vide a new framework for Indigenous adaption measures to
sea level rise that advance Indigenous water security utilizing
eastern coastal Indigenous knowledge systems and ways of
knowing. Indigenous scholars and others have noted how
Indigenous adaptive capacity is often misinterpreted through
the lens of western colonial adaptation frameworks and
many climate change studies use deficit language of vulner-
ability, risk, and extinction and fail to account for Indigenous
knowledge and innovation (Belfer et al., 2017; Reo et al., 2017).
As Cameron (2012) notes scholars must examine whether
existing climate change studies adequately assess the impact
of colonialism on current practices and policies in response
to environmental change. Current SLR adaptation measures
are not ‘politically neutral routines and procedures’ they rep-
resent contemporary exercises of ‘colonial power’ especially
given the absence of Indigenous voices in the design and con-
ceptualization (Cameron, 2012, p. 111). Dismantling colonial
power structures in ocean and coastal management requires
new SLR adaptation strategies that are not only inclusive of
but designed by Indigenous Peoples. The article presents a
decolonial and Indigenist SLR adaptation framework, the
WAMPUM framework, centering Indigenous knowledge sys-
tems and experiences of northeastern and mid-Atlantic coastal
Tribal Nations.

2. Sea level rise adaptation

Sea level rise (SLR) exacerbates flooding, storm surge, erosion
and salinization of land and water among other impacts. Scien-
tists have determined that communities already experiencing
increasing SLR will only continue to suffer impacts in the
future due to anthropogenic climate change (IPCC, 2012).
SLR adaptation measures in non-Indigenous communities

are generally conceived of in response to risk and economic
hardships imposed by climate change, and successful adap-
tation is often viewed as a high-cost process to the benefit of
the wealthy (Siders & Keenan, 2020). As such, existing adap-
tation frameworks favour property owners and urban areas
with high tax bases to implement adaptation measures such
as relocation and built infrastructure (Jurjonas & Seekamp,
2018). Jurjonas et al. (2020) note that existing adaptation strat-
egies are shaped by ‘ethnocentrism, power, and privilege’
(p. 1). There are no present SLR adaptation frameworks that
integrate eastern Atlantic coastal Indigenous knowledge for
SLR adaptation for water security or incorporate socio-cultural
valuations in SLR risk assessment.

Some of the existing adaptation frameworks for sea level
rise include ‘PARA’ protect, accommodate, retreat, avoid
(Doberstein et al., 2020) and ‘AAN’ armouring, acquisition,
and nourishment (Siders & Keenan, 2020). Additional non-
Indigenous adaptation measures commonly referenced for
SLR include planning, protection, accommodation, and man-
aged retreat (Fu, 2020; Gibbs, 2016; Klein et al., 2001; Tol et al.,
2008). Planning reflects the planning activity such as climate
change or hazard mitigation plan that is developed to address
SLR. Protection measures are engineering solutions designed
to reduce SLR risks and include actions such as seawalls, living
shorelines, beach nourishment, etc. Accommodation measures
work to change human uses of coastal areas through actions
including new zoning laws, infrastructure elevation, etc. (Fu,
2020). Managed retreat or relocation is the process by which
the shoreline is allowed to naturally evolve and human infra-
structure and uses are moved to safer areas through actions
such as voluntary buy out programmes and community reloca-
tions (Fu, 2020; Marino, 2018). Nicholls (2018) notes that the
response strategy of ‘attack’ is also being utilized to reclaim
land and promote seaward and upward development. The
militarized and combative language utilized in predominantly
western SLR adaptation typology is antithetical to Indigenous
epistemologies for adaptation to environmental change that
centres on kinship, relationality and ecocentric value systems
(McGregor et al., 2020; Reo et al., 2017; Whyte, 2017). Siders
and Keenan (2020) note that the reasoning behind selection
of certain adaptation measures over others by coastal man-
agers is largely understudied. However, those studies that do
attempt to understand coastal manager decision-making do
not include coastal managers and directors of Tribal Nation
Environmental Departments concentrating rather on individ-
uals within positions of city, state, federal or municipal govern-
ment. Why are Tribal Nations not being included in the SLR
research and adaptation frameworks?

Marino (2018) suggests the concept of ‘adaptation oppres-
sion’ to highlight western scientific and cultural biases
reflected in the limited adaptation options present in existing
frameworks (p. 12). Additionally, within the process of adap-
tation oppression Marino (2018) identifies three key aspects
of western colonial ethnocentrism that contribute to the con-
temporary oppressive limitations of existing adaptation frame-
works for Indigenous Peoples: (1) western property law
systems exclude Indigenous owners; (2) market and economic
valuations commodify the natural world solely for human
benefit; and (3) settler-colonial individualism undermines
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Indigenous nationhood, kinship and sovereignty (p. 12).
Hardy et al. (2017) underscore that existing processes for
developing response strategies to climate change are ‘color-
blind adaptation planning’ that ‘overlook racial inequality’
and systemic racism in environmental governance institutions
(p. 62). Existing SLR Adaptation typologies of the U.S.
National Oceanic and Atmospheric Administration, Federal
Emergency Management Agency, and U.S. Army Corp of
Engineers do not include Indigenous knowledge showcasing
institutional bias and inherited intellectual colonialism
(Bridges et al., 2015; NOAA, 2010). At the international
level, the Organisation for Economic Co-operation and Devel-
opment (OECD) and the United Nation’s Intergovernmental
Panel on Climate Change (IPCC) both advocate for SLR adap-
tation frameworks that also do not include Indigenous Peoples
or knowledge (OECD, 2019; Wong et al., 2014). Although
there is growing momentum for nature based solutions
(Arkema et al., 2017; van der Nat et al., 2016), many of the
‘hard’ adaptation strategies for SLR focus on engineering and
built infrastructure solutions (Jurjonas & Seekamp, 2020)
and are misaligned with Indigenous ways of knowing as they
do not account for ecosystem based management or prioritize
non-human relations and environment over human benefits
and use.

In 2019 the IPCC published the Special Report on the
Ocean and Cryosphere in a Changing Climate. For the first
time Chapter 4 on ‘Sea Level Rise and Implications for Low-
Lying Islands, Coasts and Communities’ highlighted the
importance of Indigenous Knowledge for building adaptive
capacity for SLR (Oppenheimer et al., 2019). Despite these
advancements current SLR adaptation frameworks for the
northeast and mid-Atlantic coastal regions do not include
Indigenous Peoples or knowledge; and they often do not con-
sider the cultural, social, political, or spiritual impacts of SLR
on Indigenous communities or Tribal Nations. Without indi-
cators of relevance and importance to Indigenous Peoples SLR
studies will not accurately measure impacts on Indigenous
communities and consequently will fail to develop adaption
options that respond to the unique needs of Tribal Nations.
Therefore, Indigenous designed adaptation frameworks are
needed that are a cultural match for distinct Tribal Nations
and climatic zones.

3. Northeastern and mid-Atlantic Tribal Nations

Tribal Nations in the northeast and mid-Atlantic are often
referred to as first contact Tribes recognizing their long history
of co-existence with settler-colonial societies who landed on

Figure 1. Northeastern and Mid-Atlantic Tribal Nations.
The map depicts the federally recognized Tribal Nations in the northeast and mid-Atlantic regions. However, not listed are state recognized Tribes, federally recognized Tribes with historical
ties to the region (but due to colonization no longer have land holdings in the region), and other non-reservation Indigenous communities including urban Indigenous communities all of
which have a range of potential associated water security climate change impacts due to SLR. The map is adapted from the Northeast Climate Science Center Tribal Partners programme
(https://necsc.umass.edu/indigenous-peoples-and-tribal-partners).
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eastern shores prior to westward colonization. As such the
examination of SLR impacts to water security for Tribal
Nations in these regions is ideal given their resilient history
of coastal management and continued stewardship of the
area. Tribal Nations are sovereigns with the inherent ‘authority
to address climate change as an important issue that affects
their lands, resources, and traditional practices’ (Redsteer
et al., 2013, p. 388). There are 24 Federally Recognized Tribes
(Federal Register 2020, see Figure 1) in the Northeast and Mid-
Atlantic regions of what is currently referred to as the United
States. There are additional state recognized Tribal Nations in
the region and non-recognized Indigenous communities.

Most of the northeast and mid-Atlantic Tribal Nations have
territory within the Low-Elevation Coastal Zone (LECZ) and
face severe water security threats to due climate change and
sea level rise. Eastern coastal Tribal Nation territories and
reservations are ancestral homelands as many Tribes were
never removed or relocated unlike some of the Tribal lands
and reservations established west of the Mississippi River.
However, population growth among the eastern coastal Tribal
Nations in the past century has exacerbated SLR vulnerabilities
as available livable land to accommodate population expansion
continues to decrease. Additionally, unlike non-Indigenous
communities Tribal Nations face many political and legal
obstacles to relocation and acquisition of new lands for SLR
Adaptation. SLR presents distinct risks for coastal Tribal
Nations in the northeast and mid-Atlantic namely that if cli-
mate change projections are accurate, and sea levels rise by
1–2 m by 2100, most existing Tribal territories and reser-
vations will be inundated and likely unlivable in the next cen-
tury. With increased extreme high tides and storms Tribal
Nations are experiencing greater levels of erosion and
saltwater intrusion impacting water resources and
infrastructure.

Under the Clean Water Act and as approved by the U.S.
Environmental Protection Agency Tribal Nations may apply
for Treatment as a State (TAS) status to administer water qual-
ity standards (WQS) for water resource protection. While
more than 60 Tribal Nations from other regions of the U.S.
have been granted TAS for the WQS Program, none of the
northeastern or mid-Atlantic coastal Tribal Nations have
been granted TAS status for WQS (EPA, 2020); and the
Penobscot Nation has been awaiting approval of their WQS
programme since 2014. Disparate treatment of eastern Tribal
Nations and the need for unity to scale up resources and pol-
itical strength in dealings with the U.S. federal government was
at the core of the foundation of United South and Eastern
Tribes, Inc. (USET) in 1968 (USET, 2020b). USET, a non-
profit, inter-tribal organization, provides technical assistance
for climate resiliency including water and wastewater utility
management for federally recognized Tribal Nations in the
region (USET, 2020a). Additionally, the Bureau of Indian
Affairs Tribal Resilience Program provides funding for feder-
ally recognized Tribes to build capacity related to ocean and
coastal management, climate change and SLR. The Mashan-
tucket Pequot Tribe received funding for a climate change vul-
nerability assessment and the Wampanoag Tribe of Gay Head
(Aquinnah) received an award to develop a strategic plan for
SLR and climate change adaptation (BIA, 2020). Despite

these resiliency efforts there remain unmet needs among east-
ern coastal Tribal Nations to address the impacts of SLR on
water infrastructure.

4. Sea level rise impacts on water infrastructure

Tribal Nations along the eastern Atlantic coast face significant
threats to water infrastructure due to SLR including land loss,
saltwater intrusion, flooding, and wastewater treatment con-
cerns. Non-indigenous population growth in combination
with SLR poses unique threats to Indigenous water security
as fresh water supplies are under increasing stress due to
increased demand resulting from sprawling development in
coastal areas surrounding Tribal Nation reservations and ter-
ritories and projected SLR induced migration (Hauer, 2017;
Neumann et al., 2015; Sanchez et al., 2020). Moreover, Tribal
Nation population growth is also increasing, but available
land is not. Reservations are limited geographies due to the set-
tler-colonial state with limited opportunities for acquisition or
reclamation of ancestral Indigenous lands. With limited land
availability Tribal Nation freshwater supplies may not be
able to support continued population growth especially if
supplies are further diminished by SLR.

Tribal Nations in the northeast and mid-Atlantic rely on
coastal aquifers to meet drinking water supply but SLR
increases the threat of salinization of water supplies due to
saltwater intrusion (Jurjonas & Seekamp, 2018). Many Indi-
genous Peoples in northeastern and mid-Atlantic coastal
regions of the U.S. lack access to adequate water infrastructure
and Indigenous residents of Tribal reservations often rely on
private wells and septic systems vulnerable to not only climatic
changes but contamination because of jurisdictional failures
and environmental racism (Ravichandran, 2015; USGS,
2020). Saltwater intrusion increases with SLR and jeopardizes
groundwater supplies through salinization of freshwater aqui-
fers reducing available water quantity and quality and threa-
tening Indigenous coastal water security (EPA, 2016). Tribal
Nation water infrastructure is further threatened by coastal
flooding. With increases in flooding event frequency and
intensity water infrastructure has limited opportunity for
response to one event before another extreme flooding event
may cripple the system. This was an issue for communities
throughout the northeast and mid-Atlantic during Superstorm
Sandy in 2012 and Tribal Nations were also impacted at that
time. Power disruptions during Sandy further exacerbated
water security issues for Tribal Nations and flooding inun-
dated low-lying roads making system repairs and emergency
response more difficult (EPA, 2016).

Wastewater infrastructure poses additional threats to Indi-
genous water security. Many eastern coastal Tribal Nations
have septic systems that will require infrastructure improve-
ments to be more resilient to SLR and storm surge. Wastewater
contamination of drinking water supplies due to failed septic
systems because of SLR is an increasing concern for Tribal
Nations. Flooding exacerbated by SLR creates extreme events
that could allow contaminants from septic systems to enter
ground and surface waters within Tribal Nations reducing
water quality and quantity for daily livelihood needs (EPA,
2016). Indian Health Services currently works with Tribal
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Nations throughout the northeast and mid-Atlantic to
improve water and sanitation infrastructure, but current fund-
ing allocations are not sufficient for meeting all current water
security needs in response to SLR. Northeast and mid-Atlantic
Tribal Nations face distinct challenges to water security given
increasing SLR threats (land loss, saltwater intrusion, flooding,
wastewater treatment) and require an Indigenous SLR adap-
tation framework that prioritizes Indigenous adaptation
options.

5. A path forward: WAMPUM Indigenous
adaptation framework for sea level rise

The combination of climate and water injustices facing Tribal
Nations in coastal areas requires the development of more
robust and culturally informed adaptation frameworks that
are reflective of the communities implementing the adaptation
measures. Continued use of adaptation frameworks that are
not created by and for Indigenous Peoples in response to
SLR for Indigenous water security only further adaptation
oppression. Northeastern and mid-Atlantic Tribal Nations
need an adaptation framework that is informed by eastern
coastal Indigenous knowledge systems. The proposed
WAMPUM Adaptation Framework for Sea Level Rise (Figure
2) builds on lessons of eastern coastal Tribal Nations SLR risks
and provides adaptation measures that are guided by Indigen-
ous knowledge systems.Wampum refers to carved quahog and
whelk shells harvested by Indigenous Nations along the Atlan-
tic coast and used throughout history as currency and to form
treaty relationships between Indigenous and settler peoples.
Across eastern portions of Turtle Island (North America),
terms of governance and treaty relationships, such as the
Two Row Wampum – Kaswentha, were constituted by a
wampum belt (Ransom & Ettenger, 2001). Through an exten-
sive Indigenous socioeconomic and political system, wampum
forms the foundation of historical and contemporary under-
standings of sustainability for many Indigenous Nations. The
WAMPUM adaptation framework synthesizes current adap-
tation measures implemented by northeastern and mid-Atlan-
tic Tribal Nations and provides general adaptation principles
to guide SLR response for Indigenous water and climate
justice.

5.1. Witness warnings from human and non-human
relations and follow the patterns of the natural world

Elizabeth James-Perry (2017) underscores a critical aspect of
SLR response for her Tribal Nation, the Aquinnah Wampa-
noag, noting that Indigenous knowledge is about ‘careful,
respectful observation and cooperation with natural systems
for a sustainable future’. Determination of adaptation
measures should be informed by witnessing and observing
the natural world. Furthermore, eastern coastal Tribal Nations
developing solutions to water insecurity resulting from SLR
should integrate the ‘Witness’ principle when implementing
future adaptation measures. For example, whales are species
of great cultural significance for many northeast and mid-
Atlantic Tribal Nations and patterns of whale beaching, sight-
ings, and deaths including unusual mortality events are key

climatic change indicators for Indigenous Peoples in the
region that relate to SLR and ecosystem health. Since January
2016, unusual mortality events, die-offs of whale populations,
have occurred along the Atlantic coast (Brown et al., 2019;
NOAA, 2020). These events and other changes in patterns of
the natural world including devastation of plant and fish
beings inform Indigenous responses and adaptation measures.
Coastal Indigenous knowledge prioritizes interconnected bal-
ance among all living entities. Therefore, SLR adaptation
measures to alleviate water security issues should witness the
impacts and changes not just to humans but also include
non-human relations.

5.2. Acknowledge traditional teachings and restore
cultural stewardship practices

SLR Adaptation frameworks for eastern coastal Tribal Nations
need to incorporate traditional ecological knowledge, cultural
stewardship practices, as well as Indigenous tools and infra-
structure innovations to address water security challenges. In
2012, Mashpee Wampanoag elder, Ramona Peters, and other
Mashpee Wampanoag environmental leaders founded the
Native Land Conservancy (NLC), the first Indigenous-led con-
servation organization in the eastern United States. NLC
champions traditional knowledge and stewardship practices
to restore Indigenous territories and address SLR (Zuckoff,
2019). Many of the northeast and mid-Atlantic Tribal Nations
have traditional ecological knowledge on SLR as their commu-
nities previously lived or occupied areas now covered by water.
Those teachings and practices should be prioritized for adap-
tation to SLR and can be combined if deemed appropriate
with other scientific measures for blended knowledge mobiliz-
ation for water security in coastal areas. For example, the
Wampanoag Tribe of Gay Head (Aquinnah) where one third
of homes rely on private wells as their source for drinking
water developed their own Wampanoag Environmental Lab-
oratory to provide regular water testing to their community
(Wampanoag Tribe, 2020). A critical adaptive capacity build-
ing initiative to address emerging threats of climate change
and SLR to water systems that restores tribal stewardship
and responsibility for water. In this way, it is important for
adaptation response efforts to include traditional knowledge
holders in the development and implementation of SLR adap-
tation plans created by Tribal Nations for water security.

5.3. Mend the shoreline and practice healing for coastal
and environmental sovereignty

The Shinnecock Nation prioritized Indigenous knowledge to
address shoreline erosion in their territory (a peninsula that
sits on Shinnecock Bay) and provide nature-based solutions
for healing in coastal areas of their territory (Sengupta &
Lawal, 2020). Coastal Indigenous knowledge of the region
recognizes the trauma that humans have inflicted on the
environment for centuries with the advent of colonization.
Contemporary adaptation measures of many northeast and
mid-Atlantic Tribal Nations work to mend the shoreline and
coastal areas through cultural and ceremonial practices that
promote healing and ecosystem rehabilitation. The
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Shinnecock Nation utilized their unique understanding of the
coastal area grounded within their Indigenous teachings and
language to design a coastal habitat restoration programme.
Shinnecock means people of the stoney shore, but coastal ero-
sion, storm surge, and flooding events had erased many of
those historic stone formations from the shoreline. In response
to increasing SLR risks such as flooding and erosion and to

protect Tribal infrastructure including water supplies the Shin-
necock Nation replenished their beaches with nature-based
solutions and added boulders along their shores to diminish
storm surge and tidal wave impacts. The Shinnecock Nation
also utilized oysters and eel grass to help fortify the shore
and improve water quality. Ultimately, the Shinnecock SLR
adaptation measures highlight the importance of mending

Figure 2. WAMPUM: Indigenous adaptation framework for sea level rise.
Framework for adaptation to sea level rise (SLR) informed by Northeastern and Mid-Atlantic coastal Indigenous knowledge systems. The ‘WAMPUM’ adaptation framework includes the follow-
ing SLR response strategies of witness, acknowledge, mend, protect, unite, and move.
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coastal areas and leading through healing and nature-based
solutions for Indigenous SLR responses in contrast to western
adaptation frameworks that rely solely on ‘hard’ infrastructure
solutions.

5.4. Protect future generations by protecting cultural
sites and ancestors

Eastern coastal Tribal Nations have a long history of coastal
management related to SLR. Many ancient village sites and
fishing areas are now submerged as sea levels rose in past mil-
lennia. One northeastern Tribal Nation, the Narragansett
Tribe, is leading scientific innovation for underwater archaeol-
ogy in collaboration with non-Indigenous scientists
(Knapschaefer, 2015). SLR will continue to inundate cultural
sites, but the investment in new technology and adaptive
capacity of the Narragansett will protect submerged cultural
resources for future generations. Adaptation measures that
consider inundation of cultural sites are pivotal to Indigenous
ways of knowing; however, existing adaptation frameworks do
not consider SLR impacts to cultural resources. Furthermore,
existing frameworks do not associate any linkages between
water security and cultural site protection. Conversely, Indi-
genous water security is inclusive of cultural resources and
works to ensure an adequate water quantity and quality for
cultural and ceremonial activities including the protection of
sacred sites that encompass a variety of waterscapes. The
Pamunkey Tribe utilized traditional ecological knowledge to
build a living shoreline along the reservation coast and
Pamunkey River to reduce SLR impacts on cultural resources
including a tribal museum, historic buildings, and residential
areas (Milligan et al., 2019). Studies have shown that cultural
sites (archaeological, ceremonial, historical, museums,
archives, etc.) across U.S. coastal regions are likely to be inun-
dated by SLR (Carmichael et al., 2018; Reeder-Myers, 2015).
Northeastern and mid-Atlantic Tribal Nations, such as the
Penobscot Nation and Shinnecock Nation, are also working
to protect their ancestors as burial sites and petroglyphs face
SLR inundation and erosion (Seacoast Online, 2018; Sengupta
& Lawal, 2020). The protection of cultural sites is an integral
principle of Indigenous SLR adaptation not only because it
advances Indigenous water justice but ensures the preservation
of eastern Tribal Nation history, culture, and ceremonial prac-
tices for future generations.

5.5. Unite with other communities to build capacity,
plan relocation

Northeastern and mid-Atlantic Tribal Nations with support
fromUnited South andEasternTribes, Inc. (USET) and theTri-
bal climate science liaison in partnership with the Northeast
Climate Adaptation Science Center are actively working to
build Tribal capacity for climate change adaptation through
the development of climate change and hazard mitigation
plans. Intertribal organizations, such as USET, provide colla-
borative forums and educational opportunities for environ-
mental leaders and managers from eastern Tribal Nations to
gather and build both individual Tribal and collective capacity
(USET, 2020a). Restoration of Tribal sovereignty and territorial

integrity has been of increasing concern for Wabanaki Tribal
Nations (Aroostook Band of Micmac, Houlton Band of Mali-
seet, Passamaquoddy Tribe, and Penobscot Nation) and the
Mashpee Wampanoag respectively all of whom have faced
duplicitous political threats to diminish their rights as Tribal
Nations by state and federal governments in recent years. How-
ever, as Daigle et al. (2019) highlight Indigenous ways of know-
ing, especially storytelling, provide distinct tools for ‘adaptive
resilience’ among eastern Indigenous Peoples facing SLR chal-
lenges. Adaptive resilience building is mobilized when Indigen-
ous and non-Indigenous scientists and community members
unite for planning around SLR (Daigle et al., 2019). Among
northeastern and mid-Atlantic Tribal Nations there is a com-
mon philosophy – ‘WeMove Together’ – this practice of collec-
tive action is captured by different Indigenous languages such as
the Shinnecock who say ‘Mamoweenene’ and the Passama-
quoddy who say, ‘Menakatoluhkatomon’. The phrase under-
scores ‘the relational aspects of tribal culture to the social
ecological networks within the environment. It also describes
the collective nature of decision making or “kinship ties”
through clan networks as it relates to living within these social
ecological areas’ (Daigle et al., 2019, p. 783). Traditional kinship
networks can be reconstituted to dismantle past colonial disen-
franchisement as eastern Tribal Nations work collaboratively to
unite their communities to address SLR, climate change and
water injustices.

5.6. Move to new places with cultural connections and
rebuild

Historically, eastern coastal Tribal Nations had numerous vil-
lage sites and larger territorial areas that allowed communities
to adapt to climatic changes and move when necessary often
inhabiting certain areas on a seasonal basis. However, contem-
porary population densities and colonial policies have stolen
Indigenous lands along the eastern Atlantic coast making
land availability and affordability for Tribal Nations to retreat
or relocate to nearly impossible without financial resources
and or U.S. federal government intervention. Many northeast-
ern and mid-Atlantic Tribal Nations are already facing SLR
risks including but not limited to coastal erosion, sea level
rise, subsidence, storm surges, inadequate space for population
growth, saltwater intrusion, flooding, hurricanes, etc. In recent
years, the Passamaquoddy Tribe at their Pleasant Point/
Sipayik reservation faced increasing shoreline erosion impact-
ing water infrastructure including a wastewater treatment
plant (EPA, 2019). Adaptation measures were leveraged
based on existing capacities but continued projections of
SLR acceleration will only further inundate Tribal Nation
lands in eastern coastal areas. Federal legislation is needed
along with funding allocations that support Tribal Nation relo-
cation to areas along the eastern Atlantic coast that preserve
cultural connections and stewardship practices for ancestral
homelands.

6. Conclusions

The WAMPUM adaptation framework provides a path for-
ward for Indigenous water security in response to SLR.

CLIMATE AND DEVELOPMENT 7



Moreover, the framework is a model and call to action for
scientists, researchers, and Indigenous nations to reject
oppressive and colonial adaptation frameworks and develop
their own decolonial Indigenist frameworks that capture Indi-
genous knowledge systems for resilience in the face of climate
change. The six SLR adaptation principles (Witness, Acknowl-
edge, Mend, Protect, Unite, and Move) proposed in this article
embrace Indigenous knowledge and resiliency among eastern
coastal Tribal Nations for water protection. More studies are
needed that are Indigenous led and co-developed with Tribal
Nations in the regions to not only test the proposed adaptation
framework but explore additional climate change impacts on
Tribal Nations in eastern Atlantic coastal regions.
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