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Credits
The Promoting Resilience and Adaptation in Coastal Arctic Alaska project was led by the Aleutian Pribilof Islands
Association and three of Alaska’s three Landscape Conservation Cooperatives (LCCs). Funding was provided by
the Bureau of Indian Affairs and the U.S. Fish and Wildlife Service. Agnew Beck Consulting, Inc. was contracted
to lead a team of consultants to carry out this project. The first half of this toolbox aims at one major goal of the
project: providing information on practical climate change response strategies and cases studies. The second
half of this toolbox addresses a second major project goal: providing an accessible summary of information
about the factors driving climate change, and the impacts of those changes.
The content selected for these toolboxes was informed by conversations during four workshops held in
regional hub communities of Nome, Unalaska, King Salmon and Kotzebue. Over six months in 2016, almost 200
participants from 34 tribes, 14 state and federal agencies, local communities as well as several research
institutions and nongovernmental organizations shared their insights on the most urgent risks and
vulnerabilities for coastal communities and resources. They also identified key opportunities for collaboration
between communities and agencies.
The work was guided by a core team of partners, and we are especially grateful for their insights and guidance
in planning the workshops as well as their assistance in implementation duration of the project. In addition to
the core team, the four individual workshops were made possible by local organizers in each community from:
the Alaska Peninsula/Becharof National Wildlife Refuge, Bering Land Bridge National Preserve, the Maniilaq
Association, the Nome Eskimo Community, the Northwest Arctic Borough, the Selawik National Wildlife Refuge,
and Western Arctic National Parklands. We are very grateful for the insights shared by the more than 200
workshop participants, passionate people actively working on coastal resilience and adaptation issues in Alaska.
This document was prepared by Agnew Beck Consulting, working with assistance from core team, consultant
team and other project contributors. Credit for the breadth and value of the contents of this document belongs
to our many partners; the authors at Agnew Beck are responsible for any errors or misstatements.

Three summary posters were an additional product of the process outlined
above. Check out www.AdaptAlaska.org for more information.
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Introduction
“We have always been adaptive. We are resilient people. We are looking for better communities and communication
solutions.” – Nome LCC Workshop Participant

Resilience refers to the capacity of a community, business, or natural environment to prevent, withstand,
respond to, and recover from a disruption.

Adaptation refers to the process of adjusting to new (climate) conditions in order to reduce risks to
valued assets.
Alaska is experiencing some of the most severe impacts of climate change observed anywhere in the United
States, having warmed an average of 1.5° C over the last 60 years, more than twice as fast than the continental
United States (USGCRP 2014). Effects are particularly noticeable on Alaska’s coasts which are home to over 80
percent of Alaskan residents including the large majority of 229 federally recognized Alaska Native tribes
(Wilson and Fischetti 2010). These coasts also support many of the world’s most economically important
fisheries (Worm et al. 2009) and over 50 percent of U.S. seafood production comes from the Bering Sea alone
(National Research Council, 1996).
Though we are currently experiencing global
climate changes with increasing speed and
magnitude, environmental change in coastal
areas of Alaska is nothing new: the coastlines
of Alaska have been receding – and people
have been adapting – for thousands of years.
According to the “Postglacial Flooding of the
Bering Land Bridge: A Geospatial Animation”
(W.F. Manley at INSTAAR, University of
Colorado, 2002), “…about 21,000 years ago,
global sea level was approximately 120
meters (or 400 feet) lower than today. The
Bering Land Bridge existed as a vast tundra
plain connecting Asia and North America. As
the world's glaciers and ice sheets melted
over the following millennia, rising sea level
flooded the land bridge — blocking migration

Watch the Bering Land Bridge animation:
http://instaar.colorado.edu/groups/QGISL/bering_land_bridge/
Manley, W.F., 2002, Postglacial Flooding of the Bering Land Bridge: A
Geospatial Animation: INSTAAR, University of Colorado, v1.

routes for animals and humans.”
The social and ecological environmental changes we are experiencing today mean that we are all evolving and
adapting as a humanity. What we see as ‘problems’ today might also present opportunities to make
improvements for future generations. As the world faces these climate change impacts, residents of Alaska’s
western and arctic coastal areas seek to sustain their health, well-being, and powerful connection to place,
culture and tradition. They seek to expand local power and take a larger role in managing changing landscapes
and resources in ways that can keep up with environmental changes. Adapting to change can take many forms
from social change to altering the environmental conditions that are driving the changes.
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Although the details and partners involved will change depending on the specific project, local and regional
adaptation projects often involve a similar overall process. For example:

U.S. Climate

Institute of Tribal Environmental

Alaska Native Tribal Health

Resilience Toolkit

Professionals (ITEP)

Consortium (ANTHC)

1.

Explore climate threats

1.

Getting started

1.

Raise awareness

2.

Assess vulnerability and

2.

Impact and vulnerability

2.

Identify your network

assessments

3.

Engage in climate

risks
3.

Investigate options

3.

Risks and priorities

4.

Prioritize actions

4.

Adaptation strategies: goals

5.

Take action

dialogue
4.

and actions
5.

Write and integrate

environmental observer
5.

adaptation plan
6.

Implement plan

7.

Measure your progress,
update your plan

Be a local
Describe your climate
baseline

6.

Identify climate
vulnerabilities

7.

Develop targeted
adaptation strategies

However, the pace of environmental change due to climate change may be faster than our normal ways of
responding, of planning, funding and implementing new ways of living. Getting started and getting organized
early, as well as being as patient and creative about how we respond to these changes in our communities will
help us to navigate our changing world as smoothly as possible.

About this Guide
This guide includes a selection of tools and success stories from
around Alaska to help communities, resource managers and
decision makers maintain resilience and adapt to change
(Toolbox 1: Resilience and Adaptation Strategies). This
information is followed by selected sources for learning more
about the environmental changes Alaska is already experiencing,
as well as continued changes projected into the future (Toolbox
2: The Building Blocks of Climate Change).
The content selected for these toolboxes was informed by
conversations during four workshops held in regional hub
communities of Nome, Unalaska, King Salmon and Kotzebue.
Over six months in 2016, almost 200 participants from 34 tribes,

King Salmon Workshop. Image courtesy of Alaska’s
Landscape Conservation Cooperatives.

14 state and federal agencies, local communities as well as several research institutions and nongovernmental
organizations shared their insights on the most urgent risks and vulnerabilities for coastal communities and
resources. They also identified key opportunities for collaboration between communities and agencies.
While this toolbox aims to capture highlights of those discussions, perhaps the most valuable outcome were
new connections between groups who tend to not interact, and a strong, collective resolve to keep those
conversations and partnerships alive and growing.
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Toolbox 1: Resilience and
Adaptation Strategies
Resilience and Adaptation in a Changing World
“The way things are going right now, it’s not going well, not getting any better. Seriously, we need to consider with our
own leadership, not just rely on government but prepare for disasters ourselves.” – Nome LCC Workshop Participant

We all have the power to do something.
Whether at the individual, local or regional level, we can all contribute to finding solutions to the environmental,
social and political changes we now face. The more we work together, the greater our collective power to get
out in front of those changes and create a better future.
Over six months in 2016, almost 200 participants from 34 tribes, 14 state and federal agencies, and several
research institutions shared their insights on the most urgent risks and vulnerabilities for coastal communities
and resources. They also identified key opportunities for collaboration between communities and agencies. The
majority of these participants worked for tribes, agencies or other local entities struggling with decisions
relative to climate change and other environmental impacts. A common theme in all four workshops was the
desire for local communities to have a leadership role in coastal resilience and adaptation efforts. Central to
having that control was access to reliable scientific information, better access to resources for planning and
mitigation as well as ‘real-world’ case studies of successful adaptation to Alaska’s changing coasts.
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This toolbox contains ideas that came out of workshop discussions with communities, resource managers,
agencies, researchers and others in four regional hubs in Alaska. It includes individual actions that individuals,
households, businesses and organizations can do; local actions at the level of a community or resource
management unit (e.g., a national park or wildlife refuge); and regional and statewide initiatives that can
increase our collective ability to respond to climate change. The toolbox does not contain all the answers, but
we hope will serve as an inspiration and a catalyst for efforts to work together for resilience and adaptation in
our coastal areas. The ideas are organized under six broad categories: Leadership and Communication, Natural
Systems, Public Infrastructure, Health and Culture, and Other Economic Activities, and Emergency Response. 1
Leadership and Communication focuses on how we communicate about climate change and its impacts, the
value that we place on our different cultural ways of understanding our world and our relationship to it, and
how we share social and political power.
Natural Systems include waters that provide fish for commercial, subsistence and recreational users; habitat
for valuable game animals and birds; ice that provides a platform for hunters and their prey, and acts as a
buffer that smooths winter seas to reduce shoreline damage. Adaptations are primarily focused on land,
marine, wildlife and resource management.
Public Infrastructure or the ‘built environment’ includes things like docks and boat harbors, seawalls to
protect shoreline, and municipal water and sewage systems. Many of these adaptations respond to erosion,
flooding or subsidence (e.g., from permafrost thaw) that threatens these systems and challenges us to ‘bounce
forward’ by replacing or rebuilding better infrastructure than what existed before.
Health and Culture includes personal health, public health, and factors relating to lifestyles, traditions and
material culture, such as disease and injury; sanitation; subsistence and traditional arts and crafts. Adaptations
challenge us to ask: How do we maintain or improve our health and well-being through these environmental
changes? As the peoples of Alaska, what makes us who we are? How do we carry the essence of our traditional
skills, knowledge and abilities into a rapidly changing future? How will community lifestyles adapt to changes in
climate, environment, economy and social structure?
Other Economic Activities as defined by the Adaptation Advisory Group (AAG) to the Alaska Governor’s
Climate Change Sub-Cabinet are sectors of the Alaska economy not directly supported by living systems, such
as oil and gas, mining, and recreation and tourism. Adaptations focus on ways to balance economic well-being
with environmental health in a changing climate.
Mitigation and Emergency Preparedness focuses on mitigating and preparing for possible emergencies such
as severe storms, oil spills, etc.
"We are self-rescue community here, so any risky activity on the water is even more risky." – Nome LCC Workshop
Participant

Four of these categories of climate change effects (Natural Systems, Public Infrastructure, Health and Culture, and Other Economic Activities)
were used to organize recommendations by the Adaptation Advisory Group (AAG) to the Alaska Governor’s Climate Change Sub-Cabinet in the
2010 Final Report, “Alaska’s Climate Change Strategy: Addressing Impacts in Alaska.”
1
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Leadership and
Communication
“We cannot change nature, our past, and other people for that matter, but we can control our thoughts and actions
and participate in global efforts to cope with these global climate changes. That I think is the most empowering thing
we can do as individuals.” – George Noongwook, from The Earth is Faster Now 2

Commit to a positive future.
As an individual or an organization, take stock of your assets and add to them. Create safe
spaces for honest communication with others. Use your voice to share your climate change
adaptation activities with and encourage others.

Get involved.
As an individual, use your political power: vote. Run for an elected position. Join organizations,
serve on leadership Boards or Councils working on topics you are interested in (e.g., Resource
Advisory Councils, Subsistence Boards). Contribute your voice, your thoughts and concerns in
meetings or by mail or email.

Tools for involvement:


Resource Advisory Councils (RACs) RACs are sounding boards for Bureau of Land Management (BLM)
initiatives, regulatory proposals and policy changes. Each citizen-based council consists of 10 to 15
members from diverse interests in local communities, including ranchers, environmental groups,
Tribes, state and local government officials, academics, and other public land users.



Regional Subsistence Advisory Councils (Councils) are part of the Federal Subsistence Management
Program. The Secretaries of Interior and Agriculture appoint Council members from 10 geographic
regions within Alaska. Council members must be residents of the region in which they are appointed
and knowledgeable about the region and subsistence uses and issues. All members of the public may
comment and offer input on subsistence issues at Council meetings. Each Council meets at least twice
a year to develop proposals to change Federal subsistence regulations, review proposals submitted by
others, and provide an open forum for public expressions, opinions, and concerns regarding any
matter related to subsistence.

Krupnik, Igor, and Jolly, Dyanna (eds.). 2002. The Earth is Faster Now: Indigenous Observations of Arctic Environmental Change. Fairbanks, Alaska:
Arctic Research Consortium of the United States.
2
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Alaska Marine Policy Forum Every other month, the Alaska Ocean Observing System (AOOS) and Alaska
Sea Grant host a one-hour conference call with participants across the state interested in marine policy
in Alaska, including: the latest about marine funding, legislation, and state and federal policy issues.



The Affiliated Tribes of Northwest Indians supports teams of tribal leaders, climate change
coordinators, planners, and program managers to build skills, gather information, and develop tribal
policy needed to address climate change impacts.



North Pacific Fishery Management Council (NPFMC) is one of eight regional councils established by the
Magnuson-Stevens Fishery Conservation and Management Act in 1976 to manage fisheries in the 200mile Exclusive Economic Zone. NPFMC has developed a guide for people who want a voice in fisheries
management issues that can be used to help effectively engage at a formal Council meeting or to get
involved in management issues when there is no time to attend Council meetings.

Improve relationships and share information.
“If we want to maintain our communities, some of us are going to have to do things in new ways, make those calls
ourselves, do things for ourselves. We hope that this might be a good way of encouraging people to think of their own
collective and individual ways to do something.” – Nome LCC Workshop Participant

Individuals and organizations can talk with people in the places they live and work to share
information, educate each other, increase mutual understanding. All stakeholders, such as
tribal and city governments, state and federal resource managers, researchers, and other
organizations, can build relationships, improve communication and increase each other’s
awareness of issues and potential solutions. Communities and agencies can encourage youth
to become more involved.
If tribes are willing, agencies can join together in Tribal Consultation efforts to avoid burdening
communities, tribal administrators and leaders with multiple consultations. Agency resource
managers can dialogue with communities, researchers and other agencies to share research
and knowledge from their studies, such as identifying areas that are expected to change rapidly
and areas that are more likely to be stable. Researchers and agency resource managers can
also learn from indigenous knowledge about topics like: how resources behave and move (to
adjust management to respond better to what the animals do); how to track and manage
resources; different hunting practices; or how indigenous knowledge might be used to inform
management strategies. Informing managers of changes in location and timing are key ways to
build relationships and share critical management information. Taking the time to develop
mutual respect and work together can help solve complex problems and prevent unnecessary
ones.

Story: Collaborative research provides helpful information
in Kotzebue.
A group of Tribal scientists, independent researchers and regional leadership collaborated to study changes in
Kotzebue Sound. The Northwest Arctic Borough science program ran for three years, funded by Shell Oil
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Company to support environmental research and related activities to better understand the region’s marine,
freshwater, and terrestrial ecosystems and potential impacts from human activity. The Borough created a
science steering committee, with members from the region’s communities and from the broader scientific
community, to provide guidance on the design of the program and what to fund. Early on, the program funded
a review of the state of knowledge about the region’s ecosystems, which helped identify priority areas for new
research. Several projects were conducted, including examination of coastal geomorphology, fish studies,
seabird surveys, monitoring of ocean currents, and acoustic recordings to document marine mammal patterns.
In each case, scientists were encouraged to make connections with the region’s residents and tribes. In addition
to the research projects, the program funded two workshops designed to combine Indigenous and scientific
knowledge to better understand ecosystem functions and dynamics. One examined the caribou ecosystem and
the other looked at Kotzebue Sound. Although the program ended when funding ran out, the Borough
continues to consider ways to better involve its residents in scientific research and to foster greater use of
Indigenous knowledge in research and decision-making in the region.

Tool: Arctic Youth Ambassadors Program
“We don’t have a choice: we have to adapt. But we don’t want to adapt more than we have to. We want to
slow or stop climate change so we can keep our way of life, and so that people in Lower 48 don’t have to go through
the changes we are going through now.” – Kotzebue LCC Workshop Participant
The Arctic Youth Ambassadors Program. brings together youth from across Alaska to serve as ambassadors for
their communities and country in building awareness at home and abroad about life in the Arctic. Alaska Youth
Ambassadors travel in Alaska, the Lower 48, and internationally to share their different perspectives and
experiences, listen to others’ stories and take them back to Alaska. The program is a collaboration between the
U.S. Fish and Wildlife Service, the U.S. State Department and Alaska Geographic. It provides a platform for youth
as decision-makers and policy-makers. Ambassadors have met with state, national and international leadership
and participated in global environmental leadership conferences, such as the United Nations Climate Change
Conference COP 21 in Paris.

Plan for responding to change.
Communities and partners can conduct and carry out climate adaptation plans, prioritization,
and projects to help align their priorities and coordinate actions. Agency resource managers
can use climate projections to inform their management plans and decisions (e.g., impacts on
invasive species, species changes, habitats, subsistence opportunities for human use). Agency
resource managers can work with neighbors in landscape-scale planning across political and
management unit boundaries.

Story: Ecosystem corridors connect Alaska’s Boreal Forest.
Alaska’s vast forests, rivers valleys, and mountain ranges allow animals to move freely in search of
food or new habitat. While Alaska’s lands are currently linked, future fragmentation could stress the ability of
animals and plant communities to migrate across the landscape. New approaches can give planners flexibility
to adapt to change. While climate modelling can be used to understand where species migrate as the climate
changes, these forecasts are highly uncertain. Designing and implementing corridors for each species
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independently may not be cost effective. Linkages based on a geodiversity approach can serve as a proxy for
species-based corridors. Led by Dr. Dawn Magness from the Kenai National Wildlife Refuge in collaboration
with the Northwest Boreal Landscape Conservation Cooperative, this analysis gives managers the tools to
understand how to consider connectivity and future corridors for planning.

Tool: Landscape Conservation Design
Landscape Conservation Design is a collaborative process used by National Wildlife Refuge Managers to ensure
that management actions taken at the refuge-level actions contribute to a larger landscape-level vision held by
neighboring communities and other land managers. This large-scale thinking can help managers work with
communities and other stakeholders think about what they can do to create opportunities for conservation
that can complement economically-smart decisions (e.g., ‘Where and when should resource development be
permitted?’) as well as conservation for species habitat. Alaska’s Landscape Conservation Cooperatives are
exploring possible ways to use this type of process in a couple of large parts of the state.

Tools for Agency Resource Managers



Climate Smart Planning Platform
Open Standards for Conservation Platform

Story: Environmental monitoring uses GIS to document
change and inform plans.
The Ivanof Bay Climate Change Monitoring program was a four-year, multi-stage planning project to document
indigenous knowledge and notable ecological changes within Elders’ lifetimes. Project staff monitored and
documented changes in weather patterns, geography (e.g., land/mud slides, flood areas, changes in creek/river
routes, beach banks) and natural resources (e.g., fish, game, vegetation, water sources), then analyzed
relationships between weather patterns and impacts to geography and natural resource changes.

Image courtesy of the Ivanof Bay Tribe.

The Ivanof Bay Tribe used funding from the U.S. Environmental Protection Agency (EPA) Tribal General
Assistance Program (GAP) to purchase a camera that embeds Global Positioning System (GPS) coordinates into
photos, obtained Geographic Information System (GIS) training through the Bureau of Indian Affairs (BIA), and
now uses the photos to document and track coastline changes (erosion) and ecological hazard areas. Staff
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included attention to marine debris and potential contaminants from the Fukushima reactor meltdown in their
monitoring activities. Tribal environmental staff completed an Abbreviated Vulnerability Assessment,
incorporated climate change information into their EPA Long Range Environmental Plan, and completed an
ETEP (EPA Tribal Environmental Plan). Staff also worked with local and state governments to provide input on
the management regulations for commercial and subsistence use of fish and game in Ivanof Bay.

Tool: Plans for Adaptation and Resilience
The following graphic and table provide a quick guide of various plans that communities and
agencies may complete to carry out resilience and adaptation strategies. The numbers indicated in the graphic
suggest an order for completing these related plans. The first set of plans provide a common understanding of
the vision and priorities for an area, as well as the situations, trends or changes the plan recommendations
address. The second plan adapts these priorities to predicted climate change impacts to the area. Subsequent
plans and assessments support the recommendations and implementation actions of the previously completed
plans. More information about these plans is summarized in the following table.

Plan

What is it?

Who does it?

Why do it?

Funding to do
the plan?

Small
Community
Emergency
Response Plan
(SCERP)

Quick reference for
emergency
response.

City or tribe via
Alaska Division of
Homeland Security
and Emergency
Management.

Get organized to
respond to
emergencies.

No cost to
communities to
do the plan.
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Plan

What is it?

Who does it?

Why do it?

Funding to do
the plan?

FEMA Hazard
Mitigation Plan

Plan for protecting
people and property
from future hazard
events.

City, borough or
tribe

Required as a
condition for nonemergency FEMA
funding for mitigation
projects (e.g., retaining
wall).

FEMA will award
funding to do
the plan.

Community
Comprehensive
Plan

Documentation of
community priorities
for land use, public
services and
facilities. Other plans
can be adopted as
elements of
Comprehensive Plan.

City, borough or
tribe.

Guidance for decisionmaking, regulations.
Documentation for
grant applications.

Various sources.

Vulnerability
Assessments

Documentation of
ecosystem elements,
infrastructure or
people most at risk
of damage by a
hazard. Various
kinds, such as this
ABSI LCC example;
search by relevant
subject or entity.

City, borough, tribe,
and state or federal
agencies (with
community input).

Preparation for
mitigation planning;
can help access
funding for additional
plans or projects.

Various sources.

State of Alaska
Hazard Impact
Assessment
(HIA)

Ongoing
assessment;
preparation for
mitigation planning.

Communities that
meet one or more
climate change
criteria.

Access to ACCIMP
Community Planning
Grant funds to carry
out recommendations.

State awards a
$50,000 HIA
grant to do the
plan.

EPA Tribal
Environmental
Plan (ETEP)

Documentation of
Tribal environmental
priorities; can
include climate
change component.

Tribes participating
in EPA Indian
Environmental
General Assistance
Program (GAP).

Mandatory for EPA
GAP; helps access
additional EPA funding
for eligible activities.

EPA provides
funding to do
the plan.

Climate
Change
Adaptation
Plan

Documentation of
projected climate
changes, impacts
and adaptation
activities for the
jurisdiction.

City, borough, tribe,
and state or federal
agencies.

Get organized to
respond proactively to
climate change. EPA
could require as part
of GAP in future.

BIA funds some
tribal plans. EPA
may provide
GAP funding to
do the plan.

Climate
Change Health
Impact
Assessment

Documentation of
public health
impacts of climate
change; actions
promote resilience
and adaptation.

The Alaska Native
Tribal Health
Consortium
(ANTHC) completed
these for a number
of communities.

Get organized to
respond proactively to
climate change.

LCCs and EPA
may contribute
funding to do
assessment.
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Plan

What is it?

Who does it?

Why do it?

Funding to do
the plan?

Land and
Resource
Management
Plan

Sets general policy
for managing
land/resources that
is used to make
regulations. Various
kinds of Land and
Resource
Management Plans;
search by relevant
subject or entity.

Resource managers
(with community
input).

Provides guidance for
decision-making,
regulations.

Various sources.

Tool: Resources for Planning


EPA Risk-Based Climate Change Adaptation Workbook offers a step-by-step guide to conducting a riskbased vulnerability assessment and writing an adaptation action plan.



EPA Climate Change Adaptation Training for Local Governments is a 30-minute online training
developed with the assistance of the Environmental Protection Agency (EPA) Local Government
Advisory Committee to help local governments adapt to climate changes.



Environmental Protection Agency (EPA) Training on Climate Change Impacts on Water Resources is a
45-minute online training developed to help increase understanding of the causes of climate change,
its potential impacts on water resources, and the challenges water resource managers are facing. It is
one of the core modules for the EPA Watershed Academy Certificate Program.



Decision-making for at-risk communities in a changing climate is a resource for planning and decisionmaking prepared by the Alaska Center for Climate Assessment and Policy (ACCAP) at the University of
Alaska Fairbanks (UAF).



Climate Change Adaptation Manual is a resource that for evaluating different kinds of change,
vulnerability, preparedness, measurement, implementation and evaluation of climate adaptation
efforts from the Alaska Sea Grant Marine Advisory Program and the Alaska Center for Climate
Assessment and Policy (ACCAP) at the University of Alaska Fairbanks (UAF).



Climate Change Resources from the Northern Arizona University Institute for Tribal Environmental
Professionals (ITEP) include an Adaptation Planning Tool Kit and funding opportunities.



Annotated Resources on Climate Change Adaptation for Alaska Communities describes relevant
publications, agencies and programs specific to Alaska, produced by the Alaska Sea Grant Program, the
Alaska Center for Climate Assessment and Policy (ACCAP), and the University of Alaska Fairbanks (UAF)
School of Fisheries and Ocean Sciences.



Bureau of Indian Affairs (BIA) Tribal Resilience Program provides federal-wide resources to Tribes to
build capacity and resilience through leadership engagement, delivery of data and tools, training and
tribal capacity building.
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Work together as a region.
Various stakeholders and regional entities can form regional coalitions to carry out joint
activities that further resilience goals. Existing regional groups or coalitions can incorporate
resilience and adaptation into their regional gatherings where information is shared and
activities are planned.

Story: Pacific Birds Habitat Joint Venture brings people
together to conserve habitat.
Bird Habitat Joint Ventures are self-directed partnerships established under the U.S. Fish and Wildlife Service to
implement the conservation goals of the North American Waterfowl Management Plan. Within joint ventures,
local partners collectively provide the expertise and programs to identify and implement strategic conservation
programs for birds. Pacific Birds brings people together to find common ground for conservation, to advance
long-term conservation planning and on-the-ground project delivery, and to connect flyway-wide conservation
goals to local projects. Pacific Birds staff assist partners with facilitating strategic efforts as well as planning,
communication and obtaining funding for conservation projects.

Story: Alaska’s Landscape Conservation Cooperatives (LCCs)
Alaska is home to five Landscape Conservation Cooperatives (LCCs) working to address
environmental changes occurring in the state that too broad and far-reaching for any one agency or entity to
address alone. These partnerships are composed of federal and state agencies, tribes, research institutions and
nongovernmental entities
who work collaboratively
across large geographies to
identify research and
conservation priorities. Their
work is directed by steering
committees that are
representative of these
geographies. They have
funded more than 100
science and stakeholder
engagement projects across
Alaska and are currently
working with dozens of
managers, researchers,
tribes, and communities
throughout the state.
Image courtesy of Alaska’s Landscape Conservation Cooperatives, 2016.
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Increase funding and resources.
Governments, organizations and businesses can work together to advocate for and leverage
resources, seek grants, and incorporate sustainable economic development into their resilience
and adaptation strategies. Stakeholders can increase and take advantage of opportunities for
training and technical assistance in business, grant writing and project financing. Agencies,
communities and other partners can work together to increase funding and technical support
for better baseline and environmental change data that can inform agency and community
decision-making.

Tool: Funding Resources for Adaptation


Funding Opportunities from the U.S. Climate Resilience Toolkit describe opportunities throughout the
United States.



University of Oregon Tribal Climate Change Guide Funding Resources is part of the Pacific Northwest
Tribal Climate Change Project and describes opportunities with a focus on tribes in the Pacific
Northwest and Alaska.



Sources for Climate Change Adaptation Funding and Technical Assistance from the Alaska Center for
Climate Assessment and Policy (ACCAP) at the University of Alaska Fairbanks (UAF).



Sources for Climate Change Adaptation Funding and Technical Assistance from the Shaktoolik
Adaptation Plan prepared by the Alaska Sea Grant Program and Glenn Gray and Associates in 2014
describes some resources that could be used by other communities.



The Alaska Conservation Foundation and other non-governmental organizations can help leverage
funding through grants, matching funds and crowdfunding (search ‘Climate Change Crowdfunding’
online).

Story: Grant Writing Assistance Program helps members
access funding.
The Bristol Bay Economic Development Corporation (BBEDC) contracts with professional grant writers to
provide grant opportunity research and grant writing assistance for member communities. Communities
propose a grant opportunity and project to BBEDC. Grant writing assistance is usually awarded to communities
pursuing large federal grants that require 50-100 hours of time dedicated to preparing the application.
Assistance may also include reviewing applications drafted or previously submitted by community staff with
suggestions for improving them. This assistance has been successfully used by some BBEDC member
communities to increase the number and scale of grant opportunities they apply for and are awarded.
Communities served by a Community Development Quota (CDQ) or other regional organization could work
together to set up similar programs for leveraging regional resources to increase grant writing capacity for
communities.
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Engage in collaborative research.
Researchers and citizen scientists can work together to fill data gaps and use cross-disciplinary
teams to develop a deeper understanding of complex climate and ecosystem dynamics. Science
is intended to inform decision-making in ways that help communities, agencies, and others
work toward better future outcomes.

Story: Scientists assemble 160 years of walrus haulout
observations in Russia and Alaska.
Scientists from the U.S. Geological Survey, the Russian Academy of Sciences, and the U.S. Fish and Wildlife
Service published the first comprehensive database compiling more than 160 years of observed walrus haulout
locations along the Russian and U.S. coasts. This work pulled together records from 150 haulouts that may be
viewed and queried in their geographic context. Each haulout record is traceable back to original log entries,
accounts and maps from 19th century marine explorers, interviews with coastal residents and pilots, or to
published management and scientific reports from both countries.

Tool: Collaborative Community-Based Research


The Rising Voices Collaborative Climate Solutions program facilitates cross-cultural approaches for
adaptation solutions to extreme weather and climate events, climate variability and climate change.



SEARCH: Study of Environmental Arctic Change is a collaborative program that advances research,
synthesizes research findings, and broadly communicates the results to support informed decisionmaking.



SEARCH programs include the Sea Ice for Walrus Outlook (SIWO), a resource for sea ice and conditions
relevant to walrus.



The Alaska Arctic Observatory and Knowledge Hub (AAOKH) was established to share information from
community-based observations on sea ice change; it provides tools and observational data relevant to
changes in the arctic seasonal cycle.



Alaska Native Tribal Health Consortium (ANTHC) Local Environmental Observer (LEO) Network and App
provides easy access to first-hand accounts of climate and environmental change, made by expert
observers based on local and traditional knowledge in the area. LEO Viewer allows users to observe
trends and analyze patterns, share knowledge, and stay informed of environmental change.



Aksik serves as an online climate change video library focused on climate change, its impacts to
Savoonga and Shaktoolik, as well as their response strategies.



The Alaska Ocean Observing System (AOOS) community-based monitoring web portal describes
community-based monitoring and citizen science programs around Alaska.



Citizen Sentinel Program + BeringWatch App is a standardized, but customizable, tool for recording
and communicating significant environmental and ecological events. It enables communities to
implement rigorous monitoring programs and utilize the Citizen Sentinels/ BeringWatch environmental
database.

22

Promoting Resilience and Adaptation in Coastal Arctic Alaska | Strategies, Actions and Resources



The Coastal Community Ocean Observers (C2O2) program at the University of Alaska Fairbanks (UAF)
provides opportunities collaboration between science researchers and Alaskan communities to collect
environmental data and better understand climate-related changes in the ocean environment.



The Alaska Department of Natural Resources (DNR) Division of Geological and Geophysical Surveys
(DGGS) is involved in several collaborative projects related to observing and responding to shoreline
changes, such as Shoreline Erosion Monitoring and Storm Surge Inundation Mapping for communities.

Coordinate agency actions and resources.
All stakeholders can encourage inter-agency collaboration and coordination. Particularly for
small villages with minimal staff, integrating and streamlining agency programs can help
increase the ability of village department staff to meet planning and funding requirements. For
agencies addressing interconnected social and environmental issues, a collaborative approach
can lead to more effective activities.

Tool: Federal Agency Adaptation Programs





Catalog of Federal Resilience Programs for Alaskan Communities
U.S. Environmental Protection Agency (EPA) Climate Change Adaptation Plan
U.S. Environmental Protection Agency (EPA) Climate Change Adaptation Implementation Plans
U.S. Department of Housing and Urban Development (HUD), U.S. Department of Transportation (DOT),
U.S. Environmental Protection Agency (EPA) Partnership for Sustainable Communities




U.S. Department of Transportation (DOT) Transportation and Climate Change Clearinghouse
National Oceanic and Atmospheric Administration (NOAA)
Local Strategies for Addressing Climate Change











National Oceanic and Atmospheric Administration (NOAA) NOAA, Climate.gov
Federal Emergency Management Agency (FEMA) Emergency Management in a Changing Climate
Federal Highway Administration (FHWA) Climate Change Adaptation and Resilience Case Studies Series
U.S. Global Change Research Program
U.S. Geological Survey, Climate and Land Use Change
National Aeronautics and Space Administration (NASA) Global Climate Change
National Aeronautics and Space Administration (NASA) Images of Climate Change
Centers for Disease Control and Prevention (CDC) Climate and Health
U.S. Department of Energy (DOE) Climate Change

Create a climate change information hub.
Various agencies and entities can integrate existing networks of information and create a
centralized information hub that allows people to collect and share traditional indigenous
knowledge, local community observations/data collection, and science research to better
understand the changes that are occurring.
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Tool: Existing Climate Change Information Hubs












U.S. Climate Resilience Toolkit
Adapt Alaska
Alaska Ocean Observing System (AOOS) Data Resources
Alaska Ocean Observing System (AOOS) Research Workspace
Arctic Report Card
Alaska Native Tribal Health Consortium (ANTHC) One Health Group Online Climate Change Library
Climate Adaptation Knowledge Exchange (CAKE)
Arctic Adaptation Exchange
Alaska Center for Climate Assessment and Policy (ACCAP)
State of Alaska Division of Community and Regional Affairs (DCRA) Climate Change in Alaska
Sea Grant Alaska Marine Advisory Program Climate Change Resources
(on Facebook | on YouTube)




U.S. Environmental Protection Agency (EPA) Climate Change website
U.S. Climate Data Portal

Develop a list of recommended reading.
Various agencies and entities can develop a list of recommended reading to help people from
outside the Arctic understand how different it is from mainstream or urbanized America and
why people want to protect their distinct way of life.
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Natural Systems
Track and quantify change.
Individuals can use local observer and citizen-science programs to track and quantify
environmental changes in coastlines, habitats, and other features, with a focus on context: are
these observations normal or unusual? What are the trends these observations are
documenting? Agency resource managers can prioritize collecting and establishing baseline
science data and conduct vulnerability assessments for resources within their units focused on
responding to rapid change. Research agencies can develop standardized protocols for
community data collection and measurement procedures to establish baseline data and allow
comparability of data from different sources. Agencies can balance scientific data with
indigenous knowledge in research initiatives, policy making and sustainable natural systems
management programs. Existing networks of information (e.g., assessments, mapping,
monitoring tools, data collection) can be integrated to allow users to collect and share
traditional indigenous knowledge, local community observations, data collection, and scientific
resources. More integrated communication networks could help users better understand
changes and threats that are occurring now as well as future forecasting so they can make
better planning and adaptation decisions.

Story: Nushagak Mulchatna Soil Survey supports land use
and conservation decisions.
The United States Department of Agriculture Natural Resources Conservation Service (USDA NRCS) partnered
with the Nushagak Mulchatna Watershed Council to complete a soil survey in 2010 that produced maps and
descriptions of the soil hydrology, engineering, habitat and ecology for land and river corridors within the
watershed, The survey included detailed maps for Koliganek, New Stuyahok, Ekwok, Portage Creek, Dillingham,
Alenagik, Clarks Point and Ekuk, as well as less detailed information for lands extending west through the
Togiak Wildlife Refuge. The soil survey can be used to help make land use and conservation decisions, monitor
changes in habitat extent, and the presence of certain species. The information gathered through the soil
surveys can be used by researchers in other disciplines to better understand ecosystem-level changes. The
USDA NRCS State Soil Scientist accepts requests for projects and completes soil surveys for free through
agreements with communities.

Tool: USDA Natural Resources Conservation Service Alaska
(NRCS) Soil and Snow Studies
The U.S. Department of Agriculture (USDA) Natural Resources Conservation Service Alaska (NRCS) conducts soil
and snow surveys. A soil survey is a resource inventory where field scientists collect, organize, and interpret
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information about the natural resources in an area. Although the survey focuses on soils, data is also collected
on vegetation, landforms, and surface hydrology. Soil surveys help landowners and communities select the best
sites for homes, schools, airfields, roads, landfills, and agriculture. They provide a scientific inventory of soil
resources for making maps, identifying physical and chemical properties of soils, as well as supplying current
information on potential uses and limitations of each soil. The NRCS Snow Survey Program provides mountain
snowpack data and streamflow forecasts for the western United States. Common applications of snow survey
products include water supply management, flood control, climate modeling, recreation, and conservation
planning.

Tool: Rapid Ecoregional Assessments in Alaska
The Alaska Natural Heritage Program (AKNHP) in cooperation with the Bureau of Land Management
(BLM), the Institute for Social and Economic Research (ISER), and the Scenarios Network for Alaska Planning
(SNAP) have been developing Rapid Ecoregional Assessments (REAs) in Alaska. These assessments help
evaluate current conditions and predict future conditions of the landscape and the effects of environmental
influences on the region, including wildfire, invasive species, development, and climate change. REAs cover
broad geographic regions, crossing different administrative boundaries and synthesize existing data over an 18month period (BLM land use plans typically require 3-4 years). REA Manager Summaries are intended to answer
important management questions, provide distribution maps for key resources, document potential impact
from environmental change, identify science gaps, and provide baseline data for future management decisions.

Story: Vulnerability Assessments and Action Plan reduces
risks and impacts to fisheries.
National Oceanic and Atmospheric Administration (NOAA) Fisheries released a draft climate science action plan
for the southeastern Bering Sea that includes a plan to assess the relative vulnerability of 18 commercially
important fish species considering expected changes in climate and ocean conditions. The NOAA Fisheries Fish
Species Climate Vulnerability Assessment Methodology was developed in collaboration with the NOAA Office of
Oceanic and Atmospheric Research - Earth System Research Laboratory. The assessment uses information on
species life history characteristics, species distributions and projected future climate and ocean conditions to
estimate the relative vulnerability of fish species to changes in abundance (and to some extent distribution).
The Fish Species Climate Vulnerability Assessment is specifically designed to help:
1.

Identify which species or stocks may be most vulnerable with changing climate and ocean conditions;

2.

Identify what additional information is needed to understand and address these risks;

3.

Provide a basis for considering what actions might be taken to reduce fish species vulnerability;

4.

Identify where more information is needed to understand, track, and respond to fish species
vulnerability; that information can then be used to help prioritize research, monitoring and modeling
efforts.

Scientists will be able to use the results to prioritize and identify research gaps, and managers can use the
results to identify and respond to potential climate change impacts to fish stocks, fisheries and fishing
communities. The methodology is only relevant for fish and invertebrate species; NOAA Fisheries is currently
developing a similar vulnerability assessment that will be applicable to marine mammals and sea turtles.
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Tool: Community-based Erosion Monitoring
Erosion and flooding affect most communities in Alaska located by rivers, lakes, and oceans.
Although erosion and flooding is widespread, the local impacts, including loss of infrastructure, land access
corridors, subsistence sites, and cemeteries, are not consistently documented. Common methods for
determining past rates of erosion and future vulnerability also do not apply in much of Alaska, where changes
to shorelines are episodic (dependent on storm activity and sea ice cover) or affected by permafrost thaw. In
order to more effectively and consistently map shoreline and riverine erosion, the Alaska Division of Geological
and Geophysical Surveys, University of Alaska Fairbanks, Alaska Sea Grant, and Bristol Bay Native Association
developed a method for local erosion monitoring. Monitoring is conducted using time-lapse cameras and
stakes at locations where a visible feature is eroding landward, such as a scarped bluff, river bank, or vegetation
line. At locations where beach topography changes throughout the seasons and from storm activity, a simple
rod-and-transit method (Emery Rod Method) is used. Monitoring sites are installed using a Global Navigation
Satellite System (GNSS) survey, to establish the baseline condition of the beach or riverbank, then communitybased personnel are trained to re-measure the shoreline from the surveyed locations. Funding from the State
of Alaska, Alaska Sea Grant, the Bureau of Indian Affairs, the Alaska Institute for Justice, and the Native Village of
Unalakleet allowed project partners to establish monitoring sites at 15 locations in western Alaska between
2016 and 2017, including: St. Paul Island, Shishmaref, Golovin, Unalakleet, Kotlik, Chevak, Kwigillingok, Port
Heiden, Chignik Lagoon, Naknek, Dillingham, Ekuk, New Stuyahok, Levelock and Togiak.

Story: Yukon River Inter Tribal Watershed Council monitors
water quality.
The Science Department at the Yukon River Inter Tribal Watershed Council (YRITWC) relies on both the scientific
method and indigenous knowledge to monitor and protect the health of the Yukon River. The Science
Department works closely with community members through the observation network and outreach strategies,
local technicians collect data in their home community.

Tool: Alaska Water Level Watch
Alaska’s coastal and riverine communities are impacted by coastal storm surge and wave activity
resulting in flooding and erosion. Storms that regularly occur in fall and winter coincide with ice free oceans,
allowing waves to develop and impact the shoreline. With funding from the Alaska Ocean Observing System,
the Alaska Division of Geological and Geophysical Surveys has developed flood forecast tools and maintains
monitoring equipment throughout western Alaska. One tool is the Color-Indexed Elevation Map series,
available for 13 communities in western Alaska. This map series converts continuous digital surface model
elevations into various vertical datums, allowing forecasters to interpret the potential for flooding relative to
local infrastructure. Using technology developed at the National Weather Service Alaska-Pacific River Forecast
Center, autonomous, satellite telemetered, out-of-water water level sensors have been deployed on Alaska’s
rural bridges. Simple “tide staffs” (fiberglass measuring staffs) were also deployed, giving local residents the
capacity to document flood water levels relative to a known vertical datum. These datasets are expected to
improve storm surge and tide models, alongshore availability of tide datums, and local understanding of flood
impacts. Reporting water levels and flood impacts is encouraged on the Alaska Water Level Watch Facebook
page. Which gives instant access of local observations to agencies responding to and forecasting flood hazards,
and is easy-to-use in the rural Alaska setting.
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Tool: Stream temperature monitoring helps communities
understand climate change.
Cook Inletkeeper and collaborators at the Alaska
Natural Heritage Program, University of Alaska
Anchorage (UAA) have established minimum
standards for stream temperature data collection
to generate data useful for regional-scale
analyses. By identifying minimum data standards,
our objective is to encourage rapid, but
structured, growth in comparable stream
temperature monitoring efforts in Alaska that will
be used to understand current and future trends
in thermal regimes.
Stream Temperature Data Collection Standards
and Protocol for Alaska was developed to help
the reader understand our justification for
selecting, and motivation for establishing,

Photo courtesy Cook Inletkeeper

minimum standards for stream temperature data
collection. The protocol that follows provides detailed instructions on implementing these minimum standards.
A U.S. Environmental Protection Agency (EPA) approved Quality Assurance Project Plan (QAPP) was developed
for the stream temperature modeling protocols, so that it can be included in an EPA Tribal General Assistance
Program (GAP) workplan. We hope that this project will encourage data collection efforts that will be useful for
understanding current and future temperature trends in Alaska’s freshwater systems.

Tool: Local Environmental Observer (LEO) Network
The Local Environmental Observer (LEO) Network is run by the Alaska Native Tribal Health
Consortium (ANTHC), and is comprised of local experts who share their knowledge and experiences to describe
environmental events in their communities. They apply local and traditional knowledge and modern technology
to share their observations and raise awareness about the changing conditions of the circumpolar north. LEOs
are connected with technical experts to increase communication and understanding about our changing
environment. Observations are documented through the LEO App or one of several observation projects and
mapped using an interactive interface on the ANTHC website. In Bristol Bay, Tribal environmental staff
participating in the LEO Network’s Community Camera Project were trained on the installation and use of time
lapse cameras installed in Levelock, Pilot Point, Nondalton, Koliganek, Ekwok and New Stuyahok. EPA IGAP has
allowed numerous villages to purchase and install time-lapse cameras. LEO is also helpful for monitoring sea
ice and shoreline change.

Tool: NOAA Coastal Imagery Viewer
National Oceanic and Atmospheric Administration (NOAA) collects aerial imagery for a wide range of
purposes including emergency response, damage assessment, coastal planning, and management. In 2016 and
2017, NOAA aircraft captured 39-megapixel photos of more than 35 percent of the state's coastline. The photos
look at the shore from 3,500 feet to 5,500 feet on a 37.5° angle. Photos are available for coastline extending
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from the North Slope the Bristol Bay side of the Alaska Peninsula, and in parts of Cook Inlet and Kachemak Bay.
The images are geo-referenced and Geographic Information System (GIS)-ready with a resolution of 15-25
centimeters. While they are complimentary to other oblique and nadir image collection project, they are not
intended for mapping, charting or navigation. The photos are freely available and can be viewed using
the NOAA Coastal Imagery Viewer. NOAA encourages everyone to look at the photos and send feedback on the
utility of the images and where additional imagery should be collected in 2018 if resources are available.

Tool: BeringWatch App
BeringWatch is a standardized, but customizable, tool for recording and communicating significant
environmental and ecological events to empower remote communities dealing with the effects of climate
change. It enables communities to implement rigorous monitoring programs and utilize our well-refined
environmental database with an internet-based access system. The BeringWatch program currently serves
communities in the Aleutian and Pribilof Islands, though is expanding to more communities. The Aleut
Community of St. Paul Island created the tool for developing and maintaining the monitoring program.
Components include a comprehensive observation methodology, sentinel handbook; training in standardized
observation techniques, data entry, and quality control methods including a Quality Assurance Project Plan
(QAPP). It also provides resources to train observers to use the CitizenSentinel app (available for android users
at Google Play store), and associated online database tool to upload their observations to the BeringWatch
database.

Tool: Alaska Native Science Commission
The Alaska Native Science Commission (ANSC) was established in 1994 to bring together research
and science in partnership with the Native community. It serves as a clearinghouse for proposed research, an
information base for ongoing and past research and an archive for significant research involving the Native
community. ANSC provides information, referral and networking services for researchers seeking active
partners in the Native community and communities seeking research partners.

Tool: Weather Ready Nation
National Oceanic and Atmospheric Administration (NOAA) National Weather Service (NWS) provides
weather forecasts, marine forecasts, flooding forecasts, aviation, fire, high surf advisories, sea ice forecasts and
warnings. The NWS operates 24 hours a day, seven days per week; forecasters can be reached anytime.
Because the NWS lacks tidal/buoy data, community-based observations are needed to help improve NWS flood
forecasts. The Weather Ready Nation Ambassador Program allows individuals to connect with people who use
NWS weather information, tools and data to find out more about what is needed and how we can collaborate
to fill gaps.

Tool: U.S. Army Corps of Engineers Support Programs
The U.S. Army Corps of Engineers (Army Corps) Civil Works Program provides solutions to water
resource issues. For example, the Army Corps uses National Oceanic and Atmospheric Administration (NOAA)
storm climate data from the last 50 years and specific bathymetry to model storms along the entire west coast
of Alaska and predict when an approaching storm will come onshore. The Army Corps Ecosystem and
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Watershed Program can be used on projects to restore the environment, provide structures that enhance
water systems or remove structures that impede water systems. Army Corps also provides planning support
with a 50-50 cost share for larger projects (typically $40,000 - $1milllion). The Floodplain Management and Silver
Jackets Programs provide full funding for smaller projects (in the $10,000 - $200,000 range). The Army Corps
can enter into sponsorship agreements with for-profit tribal corporations. The first $455,000 of Federal Cost
Share is waived for Federally Recognized Tribes for all agreements, including planning studies for infrastructure
projects carried out by the Army Corps.

Tool: Erosion and Deposition in Western Arctic Alaska
(1972-2013)

This image shows the areas covered by the data set. Click on any polygon, or draw your own group of polygons to view the amount
of change in that area. Explore the tool at: http://portal.aoos.org/coastalchange

Travel the coast and rivers of western Alaska, and you may notice places where landscape features are
changing. This new, on-line dataset, developed by Axiom Data Science, shows locations where land is eroding or
where sediment is being deposited. The information is intended to help residents and resource managers
better understand the extent and rate of historic coastal change. While erosion is typically the greatest concern,
areas with high sediment deposition can also create challenges, such as shifting river channels and narrowing
lagoon or estuary entrances that can block travel. This dataset is based on Landsat satellite photography from
1972 to 2014, and was analyzed by ABR, Inc, with funding by the Western Alaska Landscape Conservation
Cooperative. The results document changes in features such as spits, barrier islands, coastal bluffs, estuaries,
tidal guts, lagoons, rivers and lowland lakes close to the coast.
The results can be explored for any area within the study region (over 22,000 kilometers of coastline, from
Kotzebue to Kodiak Island, and reaching inland approximately two kilometers). Explore change at a single
hexagon or use the drawing tool to define a region of interest. The tool will display a table that summarizes the
total area changed from land to water or from water to land, as well as the percent change relative to the area
in your polygon. Zoom in to see the specific locations of those changes; for example, coastal areas, rivers or
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lowland lakes. Investigate changes in areas of
concern, such as infrastructure or important
cultural sites. Any of the other data layers in the
catalog can be cross-referenced with an overlay
feature for additional information (e.g., locations of
airports and villages in the ‘Arctic Infrastructure’
layer).
The information provided by this tool is best used
as regional reconnaissance-level data. For some
geographic areas, historical aerial photographs exist
that can be used to document change with high
precision (often near communities), but most of
Alaska’s coastal areas only have coarser satellite
imagery. Because the satellite imagery used to
develop this product provides information in areas
no smaller than 60-square-meter ‘pixels’
(approximately 200 by 200 feet, which is close to an
acre), the results only capture changes (as seen
from above) of 200 feet or more, compared to an
earlier satellite image. The tool might not be
sensitive enough to capture locally-significant bluff
The table in the image above shows the amount of land-towater change in the full project area by type of change:
expansion of lowland lakes or erosion along rivers, coastlines
and spits, or in estuaries and lagoons.

erosion (even in areas like Shaktoolik or
Shishmaref) if there has not been a horizontal
change of more than 200 feet.
Results are most reliable for areas
larger than five hectares (12.36
acres) or approximately 14 of the
60-meter pixels.

This image shows the Shaktoolik area as an example of how this web-based tool can
be used to zoom in on a specific location to view statistics on the amount of land-towater change detected from the satellite imagery.
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Support sustainable natural systems management.
Agency resource managers can consider whether to resist (e.g., control invasive species), assist
(assisted migration), or accept change (manage with new patterns) in their management units.
Resource managers can develop and implement adaptation plans for sustainable management
of priority resources, working with regional partners. Individuals and resource managers can
participate in projects and programs focused on wildlife health (e.g., monitor walrus, report
unusual mortality events, manage invasive species, carry out coast protocols, monitor and test
for disease in species). Communities and resource managers can collaborate to amend
subsistence management regulations to ensure subsistence access and species conservation
(e.g., change subsistence season dates). Tribes can establish a Tribal Conservation District to
manage their own lands.

Story: Scenario planning fosters community-supported
resource management.
The U.S. Fish and Wildlife Service (USFWS) has used scenario planning to address polar bear conservation, and
the National Park Service (NPS) has applied scenario planning to questions about marine shipping, port site
selection, and climate change in Alaska. In exploring the issue of climate change in parks, NPS asked park
managers, other agencies, park-affiliated communities, businesses, and nongovernment organizations: 1) How
will climate change impact the landscapes within which the parks are placed over the next 25 to 100 years? 2)
How can managers best preserve the natural and cultural resources and other values within their jurisdiction in
the face of climate change? Top recommendations included:



Building partnerships: with local communities, tribes, other agencies, and cross-borders, with Canada
and Russia.




Improving our ability to communicate with multiple audiences.
Using sustainable facilities, energy sources and practices, improving our capacity for dealing with larger
and more frequent emergencies, like fires, flooding, spills, and other disasters



More monitoring of wildlife and habitat, water supplies, cultural resources, and traditional knowledge

Because scenario planning enables us to test our assumptions about the future based on plausible hypotheses
of what could happen, rather than forecasts or predictions about the future, it is ideally suited for assessing
situations with critical and uncontrollable uncertainties.

Tool: Scenarios Network for Alaska and Arctic Planning
(SNAP)
Scenarios Network for Alaska and Arctic Planning (SNAP) professionals collaborate with a diverse network of
researchers, programmers, science communicators, staff and students to develop and communicate plausible
scenarios of potential conditions in an evolving climate.
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Tool: Alaska Invasive Weeds App
Invasive plants pose a real threat to Alaska ecosystems yet we still have time to prevent their spread
throughout Alaska. You can help by using this App to identify and report invasive plant species.

Image courtesy of Alaska Weeds ID.

Features:




Once downloaded, the App works even when you have no connection to the internet.
Interactive key allows users to identify invasive plant species by category, by seeing known invasive
species in your geography, through an alphabetical list of all species or by species keys.



A picture is always displayed showing the difference between various features, such as leaf shape and
leaf arrangement.




Images and information on over 60 high priority invasive plants.
Easy species reporting that captures your current location and allows you to submit images of your
observation. AK Invaders allows for both online and offline reporting with reports saved on your phone
for uploading when you have network connectivity (note: you will need to provide an email address in
order to submit reports so we can get back to you with questions).



Real-time point distribution maps centered on your current location.

Download the AK Weeds ID App through GooglePlay or through the Apple App Store – It’s free! This App was
created by the University of Alaska – Fairbanks Cooperative Extension Service in partnership with the University
of Georgia, Center for Invasive Species and Ecosystem Health. The App development was funded by the U.S.
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Fish and Wildlife Service and U.S. Geological Survey on behalf of the Western Alaska Landscape Conservation
Cooperative.

Tool: USDA Forest Health Protection Program
Forest Health Protection provides technical assistance on forest health-related matters, particularly
those related to disturbance agents such as native and non-native insects, pathogens, and invasive plants,
working through partnerships across lands of all ownerships.

Story: British Columbia uses assisted migration to help trees
adapt to climate change.
British Columbia has begun to allow tree species to be planted toward the northernmost reaches of their
natural range and beyond to respond to predictions that because of climate changes, by the time the trees are
fully grown, their new habitat will be similar, if not identical, to their original habitat. Plant species are already
moving to new or expanded ranges; assisted migration mimics what the trees would do themselves over time,
with human help. Although it could reduce the number of species that face extinction, assisted migration could
also accidentally introduce an invasive species, diseases the new habitat is unable to resist, or hybrid species
that would lower genetic diversity. The process can be costly, and may require regulatory changes if local,
state/provincial or national laws forbid moving the species.

Story: Adjusting seasons ensures access to subsistence
harvest of moose and caribou.
Climate variability has brought unique challenges in recent years in rural Alaska. In the fall, warmer weather has
been extending into August and September in many parts of the state, a challenge for hunters who seek to
harvest and process the animal when it is cooler so the meat will not spoil. During the winter hunt, lack of
snow-cover means difficulty and unsafe conditions for hunters who travel by snow machine to access distant
moose and caribou. Caribou hunting, which often occurs from late winter to early spring, is made more difficult
by early break up. This causes a challenge for managers to ensure that adequate hunting opportunity is
provided, especially in rural areas where residents rely on these resources the most. Managers and regulators
recognize this challenge and are adjusting. Communities can be part of the process by asking for season
adjustments and other mechanisms to increase their hunting opportunity and ultimately their successful
harvest.
Hunting for moose and caribou are an essential part of life in Bristol Bay. The region is home to several caribou
herds, the largest of which is the Mulchatna Caribou Herd. Caribou inhabit the upland areas, while moose are
common along the lowland wooded riverine corridors. Many residents use boats to access moose hunting
areas, for example along the Nushagak River. Caribou (and moose are also hunted during winter when the
weather is coldest. Historically, travel conditions are good during winter; rivers and lakes are frozen, providing
quick access to distant hunting areas via snow machine. Hunters work together for the success of the hunt by
letting other hunters know where the caribou can be found.
Climate change and variability from year to year complicates this hunting management system. The location of
animals is more variable than in the past, and access is much harder when snow cover is limited and/or winter
rivers often do not freeze enough to provide safe travel. Hunting seasons can be modified on State lands
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through emergency order by the Alaska
Department of Fish and Game (ADF&G) area
biologist or through a proposal to the Alaska
Board of Game. A similar system is in place on
Federal lands. In the Togiak National Wildlife
Refuge, the Federal Subsistence Board can
extend seasons; this is often done in
collaboration with the State.
Beginning July 1, 2015, the season for the
Mulchatna Caribou Herd in Game
Management Unit (GMU) 17A was extended
from an end date of March 15 to March 31 by
the Alaska Board of Game to provide more
hunting opportunity for Bristol Bay area
residents in response to poor traveling
conditions in recent years. Similar conditions
persisted in the spring of 2015 and again in

Andy Golia hunting on the Chichitnock River, Bristol Bay. According
to Andy residents of New Stuyahok and Koliganek call the caribou in
the Chichitnock area “woodland caribou” for their unusual size,
healthy condition, and long oongaks (beards) to make dance fans.
The lower part of their front legs are used to make kamooksaks,
boots. Photo courtesy of Theodore Krieg.

2016. On the Nushagak Peninsula, the caribou
herd is increasing; there is a possibility that they will overtake the carrying capacity of the small peninsula. Lack
of snow has made it difficult for residents to access caribou from their communities. Federal managers
responded by increasing the bag limit for caribou, extending the season, and allowing same day airborne
hunting under a federal permit. The U.S. Fish and Wildlife Service (USFWS) also worked with the ADF&G to
provide for a state hunt in this area by making a request to the federal subsistence board to remove a federal
restriction against non-local hunters. This restriction was lifted and hunters throughout the state of Alaska were
eligible from early March through March 31 to hunt caribou in this area. These requests were met at the
request of communities working in collaboration with managers.
Similar issues arose for Moose in GMU 17A where poor winter conditions made it difficult for residents to
access moose during the December through January winter hunt. During the spring 2015 hunting season,
managers, at the request of communities, extended the season into mid-February (beyond the 31day season
provided by regulation) to allow more time to access moose. Similar requests were made and accommodated
during the spring 2016 season. Additionally, during the February 2015 Board of Game meeting, the Board
adopted a proposal to lengthen the winter moose season in Unit 17A to extend through February to
accommodate a need for longer seasons since the weather patterns and travel conditions with the traditional
seasons were limiting hunt participation. Late or no freeze-up of rivers and lakes and lack of snow pack made
traveling difficult and even dangerous. But adapting to climate variability can be negotiated, working
collaboratively with area managers and through the citizen-driven Alaska Board of Game process.

Story: Communities and agencies work together to protect
walrus at Point Lay.
Point Lay is an important haulout for walrus used primarily by adult females and young animals. While on shore
the animals are skittish and stampede to the water in response to unusual sights, sounds and odors. The young
animals are vulnerable to being trampled in the process. The people of Point Lay have seen dead animals on
shore after observing plane and boat activities in the area. The Native Village of Point Lay is working with the
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U.S. Fish and Wildlife Service (USFWS) to minimize potential disturbance events by requesting those who must
travel by plane or boat follow guidance developepd by the USFWS to avoid disturbing the animals on the island
or in the sea. The USFWS has also coordinated with the community to notify the U.S. Federal Aviation
Administration (FAA), U.S. Coast Guard (USCG), air carriers and shipping companies when the walruses are
there and to recommend they follow USFWS guidelines if they travel in the area. The FAA and the USCG issue
these guidelines to pilots and mariners. The USFWS shared a short video describing more about the issue from
a local perspective and a walrus photo archive.

Story: Togiak forms Tuyuryaq Conservation District to
manage their own lands.
Togiak recently formed Tuyuryaq Conservation District. “We have had our own regulations (system of resource
tenure and regulations) long before the Federal government imposed restrictions, hunting/fishing openers and
bag limits on the animals we hunt for our livelihood…During our TCD meeting, Togiak identified problems
within our region and we want "To protect and preserve our natural resources for generations to come, and to
be effective in our cultural and traditional knowledge, to help restore salmon habitat, protect of subsistence
areas and to teach our youth and community how to protect and preserve our biggest natural resources with
cultural wisdom". We have the knowledge to keep our resources in good standing and to have them be
available for future generations… Tuyuryaq Tribal Conservation District (TTCD) is new in our region and will
benefit us to manage our natural resources we know so well, rather than outside agencies who do not know
our land along with our culture and traditions! In the future, we will be asking for technical assistance from
NRCS as our TTCD has developed short and long-term goals. The Alaska Tribal Conservation Alliance (ATCA)
holds an annual symposium where all Tribal Conservation Districts meet and learn from speakers from USDA
agencies, including FEMA that may be important to implement when needed.”

Tool: USDA NRCS and the Alaska Tribal Conservation
Alliance
The United States Department of
Agriculture (USDA) Natural Resources
Conservation Service (NRCS) of Alaska
is the Federal agency that helps tribes
form Tribal Conservation Districts
(TCDs). The Alaska NRCS provides
guidance and templates for the official
documentation needed to create a
TCD. The Alaska Tribal Conservation
Alliance (ATCA) assists TCDs to build
capacity for natural resource planning
and project implementation on Tribal
lands with a focus on the conservation
and sustainable development of
natural resources, promoting
traditional subsistence activities, and

Image courtesy of the Natural Resources Conservation Service, July 2016.

improving the quality of life within TCDs.
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Public Infrastructure
Reduce carbon-based fuel emissions.
Individuals, communities, and other entities can reduce the use of carbon-based fuel, conserve
energy and invest in alternative energy sources, more efficient energy systems, and cleaner
burning engines. Local power utilities and gas companies can participate in planning efforts.
Individuals, communities and regional entities can help drive state/national/global standards
and investments. Homeowners and housing providers can get energy audits and invest in
money-saving weatherization and improvements to existing homes and infrastructure. Future
homes can be built to standards that are energy efficient (if not energy-neutral), built to
withstand local weather, are mold-resistant and can be moved if necessary.

Story: Renewables and heat recovery projects save money
and lower emissions.
Heat recovery systems have been installed in several rural Alaska communities through partnerships with the
communities, their electricity providers, the Alaska Native Tribal Health Consortium (ANTHC), and funding
agencies that include the Alaska Energy Authority (AEA), United States Department of Agriculture – Rural
Development (USDA-RD), the Denali Commission, the U.S. Environmental Protection Agency (EPA), the U.S.
Department of Energy (DOE), and the Indian Health Service (IHS). Heat recovery systems use excess heat
produced by electric generators to provide hot water in community water systems. Because up to 70 percent of
the energy generated by fuel-burning diesel generators is ‘lost’ as heat, communities can save thousands of
dollars each year by using that excess heat to heat water in the community water treatment plant. In Savoonga,
for example, a heat recovery system is expected to reduce annual heating fuel usage by 8,800 gallons, a savings
of almost $40,000 each year. Wind to heat systems use the extra electricity generated from wind turbines
during windiest weather to heat water in community sanitation systems, using electric boilers in the water
treatment plant. Because the Alaska Village Electric Cooperative (AVEC) has agreed to sell the extra power
generated by its wind turbines at substantial discounts to the community sanitation utilities, a wind to heat
system in Mekoryuk has reduced its water treatment heating costs to the equivalent of paying $1.46 per gallon
for fuel oil since 2014. Through ANTHC’s Rural Energy Initiative, remote Alaskan communities are also working
on energy efficiency, biomass, and hydroelectric projects.

Story: Kokhanok moves forward on wind-diesel integration.
The Kokhanok Village Council received funding from the Alaska Energy Authority (AEA) Renewable
Energy Fund and the U.S. Environmental Protection Agency (EPA) Clean Diesel Program to upgrade their
existing diesel power system and integrate it with Kokhanok's wind turbines. The project will result in a fully
functional wind-diesel system that is capable of operating in unattended, automated mode. The wind system
has not functioned since 2014, and solving the integration issues to get the turbines back up and running has
been Kokhanok's number one energy priority.
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Kokhanok worked with the Southwest Alaska Energy Network to procure the engineering design and
equipment installation needed to refurbish the community's wind-diesel system. Making sure the Request for
Proposals (RFP) meets AEA and EPA requirements is critical in obtaining project funding. The Southwest Alaska
Energy Network is an energy support network that started in 2016 to serve the Aleutian-Pribilof, Bristol Bay and
Kodiak regions, supported by a U.S. Department of Energy (DOE) Office of Indian Energy grant and the
Southwest Alaska Municipal Conference (SWAMC).

Story: Northwest Arctic Leadership Team takes a regional
approach to energy.
Northwest Arctic Regional Energy Plan and NANA Region Energy Projects demonstrate a comprehensive
regional approach to energy planning. The regional energy plan included collaboration among local
governments, industry, educational institutions, utilities, transportation providers, health organizations and
people.

Story: New wind turbines offset diesel generation in rural
Alaskan communities.
In 2015, the Alaska Village Electric Cooperative (AVEC) operated more wind turbines than any electric utility in
Alaska, with 34 turbines in 12 communities. AVEC has designed turbine foundations specifically for permafrost
conditions, and trains wind technicians who live in each community and work on the construction and
operation of new wind systems. AVEC works with the Alaska Energy Authority (AEA) to leverage funding for the
wind turbines, and will work with customers who are interested in installing their own renewable energy
systems to determine whether it can be connected to the utility grid.

Tool: Alaska Renewable Energy, Efficiency and Conservation
Programs








Alaska Housing Finance Corporation (AHFC) Weatherization Program
Alaska Community Development Corporation Weatherization Assistance
Rural Alaska Community Action Program, Inc. Weatherization Services
Alaska Energy Authority
Alaska Native Tribal Health Consortium Rural Energy Initiatives
Cold Climate Housing Research Center
National Renewable Energy Lab, U.S. Department of Energy Office of Indian Energy economic analysis
of solar photovoltaics in remote areas of Alaska.
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Alaska Rural Energy Conference: past presentations provide helpful information.
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Story: The Alaska Water and Sewer Challenge spurs new
ideas.
To improve the health of rural Alaska residents, the Alaska Department of Environmental Conservation (ADEC),
in coordination with tribal, state and federal agencies, is spearheading a research and development effort to
find better and more affordable ways to deliver drinking water and sewage disposal services to rural Alaska. As
communities adapt to changing landscapes, decentralized systems will be more flexible than traditional piped
systems. A core component of these systems is technology that allows clean water from the shower, bathroom
sink and laundry to be used for washing, and recycled water for toilet flushing. The decentralized systems also
use an in-home water treatment system to make rainwater, pond or river water or ice melt potable for drinking.
Related to the Water and Sewer Challenge, the Yukon Kuskokwim Health Corporation Greywater Recycling
laboratory is testing four systems to clean and treat recycled water for washing; the Alaska Native Tribal Health
Consortium (ANTHC) is piloting the use of urine-diverting dry toilets in Kivalina; and Re-Locate is piloting a
biochar reactor in Kivalina that will convert human waste to inert charcoal. The Alaska Rural Water and
Sanitation Working Group of the U.S. Arctic Research Commission has also prepared a number of documents
supporting improved water and sanitation in Alaska’s rural communities.

Adapt infrastructure to allow community
mobility.
New technology could allow communities and resource managers to be more flexible, resource
efficient, and potentially more physically mobile and adapt more quickly to changes in the land,
weather and species range. New types of vehicles might become necessary to access
subsistence resources, for transportation from village to village, as well as search and rescue.
Buildings might become more easily moveable. Stakeholders can work together to increase
funding and technical support for improved infrastructure and encourage funders to change
their standards to fund more sustainable and mobile infrastructure (e.g., change/amend Indian
Health Service infrastructure standards to allow innovative water infrastructure). Adaptive
technology would be portable, self-contained, easy to maintain and repair, have a low
environmental impact, be easily and safely disposable, intuitive to use, climate appropriate,
cost-effective, and might draw upon traditional technologies.

Tool: Understanding and Evaluating Erosion Problems
This handbook is intended to assist Alaskan property owners and communities in understanding and
evaluating erosion problems and alternative solutions.

Explore protect-in-place strategies.
Communities threatened by storm surges and erosion can explore options to protect the village
in place. Protect-in-place strategies include protecting shorelines by extending rock barriers to
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slow or prevent erosion, living with water by building on pilings, and other adaptations that
allow the village to stay where it already is. Protective infrastructure might include elevating
individual structures above the flood zone (or other threatened area), relocating the structures
within a community and away from a threatened location, or constructing facility-specific
protective barriers. Complex protective infrastructure might include complex revetments,
protective harbors and sea walls, natural materials protective barriers, and/or dredging to
accommodate access to vital infrastructure, vessel, or water. Some interventions may require
improved communication among landowners to address legal issues or for example, to extend
erosion barriers from public lands onto private property with owners’ permission. The choice of
technology for infrastructure projects also matters: is the chosen option compatible with
location geology, climate, size of population and growth trends? Will it be responsive to
anticipated environmental changes? Will it cause local environmental impacts?

Story: Shaktoolik demonstrates community leadership in
finding relocation alternatives.
Shaktoolik, an Inupiaq village of 250 people located on
the Norton Sound coast, is experiencing many of the
same environmental changes and threats to traditional
life as other similarly situated arctic Alaska coastal
villages. In particular, Shaktoolik faces severe threats
from storm surges, flooding and coastal erosion that
could destroy the community entirely with enough
intensity. Ultimately, the community will likely have to
move, but relocation is currently estimated to cost $290
million (over $1 million per resident). Instead, the
community has decided to spend less than $1 million to
protect the village for at least another 20 years and do
what they can during that time.

Image courtesy of Agnew Beck Consulting, Inc.

Through an adaptation planning process, the community came to consensus on nine actions, which included
building a vegetated berm. Using Norton Sound Economic Development Corporation (NSEDC) grant funding,
the community bought army surplus dump trucks, fuel from the City, secured rights to local gravel from the
Native Corporation, hired local workers, and completed construction of a five-foot high berm on the seaward
side of the village. The berm is local gravel over driftwood, topped by sod for vegetative cover.
Shaktoolik is a good example of a place where the community took charge. Much of the community’s success
was due to good leadership and a positive attitude about working together to adapt to change. The City, Tribe
and Village Corporation worked well together, and the community was skilled in both finding money and
carrying out practical, locally-based engineering projects. Shaktoolik’s working principles include:
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Low-cost measures most likely to get funded;
Low-tech measures most likely to be successful;
Use local labor, talent, and materials;
Take the initiative; don’t wait for government to do it.
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Story: Shishmaref used skis to move buildings away from an
eroding coastline.
In 1997, under authority granted by the Alaska Statutes, Section 26.23.020, the Governor of Alaska declared
that a condition in the City of Shishmaref warranted a disaster declaration in order to qualify for FEMA Disaster
Response, Recovery, and Mitigation Assistance under the Robert T. Stafford Act. An unusually early sea storm
caused severe damage resulting in homes being eroded into tidewater and destroyed. Eighteen houses and the
National Guard Armory were moved inland away from the quickly failing coastline. Many of the structures were
mounted on Triodetic or MultiPoint foundations, then moved inland while the storm was raging. The dirt road
to the south end of the island was rerouted to enable access to critical facilities such as the landfill, airstrip, and
dozens of households’ subsistence meat drying racks because the sea storm destroyed the original access road.
Funding was assembled from multiple sources to meet the $1.46 million project costs.
Funding Source

Funding Amount

Federal Emergency Management Agency (FEMA)
Public Assistance (PA) for 3 applicants and 14 Disaster Survey Reports

$1,200,000

Individual Assistance (IA) for 6 applicants

$16,000

Flood Mitigation Assistance (FMA) Grant

$600,000

Hazard Mitigation Section 409 Grant

$50,000

Alaska Housing Finance Corporation
Housing assistance to match the federal assistance
Funding Total

$200,000
$1,460,000

Shishmaref was Alaska’s first use of the Triodetic foundations in 1997. The foundation was used with skis to
move homes to their new location onto the old airport runway. The Triodetic foundation remained mounted on
the home for future relocation needs. Triodetic foundations have proven to be stable platforms for structural
integrity when located on uneven soils and have since been used in Nome for uneven terrain, in Nunavut for
multi-unit housing, in Kotzebue for National Park Service buildings, in Golovin for homes, and in Bethel for an
administration building and dormitory.

Story: Galena elevated and relocated structures away from
potential flood impacts.
In 2013, the Yukon River flooded Galena. An ice jam flood occurred downstream at Bishop Rock area, which
caused a backflow flood, impacting structures throughout community. The project focused on elevating and
relocating structures away from potential future flood impacts.

Explore relocation options.
Partial or entire community relocation may become necessary if the land can no longer support
buildings and infrastructure, although moving buildings and other infrastructure can increase
the cost to maintain them if they are located far from each other and from the existing
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community settlement. Strategic retreat allows partial relocation of endangered infrastructure
while maintaining access to traditional lands. Relocating entire communities is extremely
challenging for social, political and financial reasons. Communities may need technical
assistance to determine which infrastructure they should invest in if they seek to move, where
to build homes and infrastructure with permafrost and flooding, and natural infrastructure
strategies. Increasing the ability to exchange land and resolve the site control issues that
sometimes prevent communities from developing new village sites could also help.

Story: Cordova and Valdez relocated buildings away from
avalanche threats.
In 2000, Cordova received $33,567.92 in Hazard Mitigation Grant Program (HMGP) funding from avalanche
disasters to complete the purchase and relocation of 12 residential structures away from the Eyak Lake area to
available sites within the community. All structures were threatened due to their location at the bottom of a
historical avalanche chute. The same year (2000), Valdez received $756,739.00 in Hazard Mitigation Grant
Program (HMGP) funding from avalanche disasters to complete the purchase and relocation of 12 residential
structures away from Porcupine Street to Sawmill Subdivision (a new city-owned development) where no
natural hazard threats exist. All structures immediately adjacent to the mountain were threatened due to their
location at the bottom of a steep mountain, which could accumulate heavy snow pack. Structures on the
opposite side of Porcupine Street were not in the avalanche threat area.

Story: Land exchange made relocation possible for Newtok.
When Newtok voted to relocate, the community obtained title to a new village site within the Yukon
Delta National Wildlife Refuge through a land-exchange with the U.S. Fish and Wildlife Service (USFWS). Newtok
began the land exchange process during the early stages of relocation planning; it took eight years and an Act of
Congress to complete. Newtok Native Corporation, the community’s village corporation under the Alaska Native
Claims Settlement Act, took an active leadership role in the land transfer with support from the community.
The process started in November 1996, when the Newtok Native Corporation passed a resolution authorizing
the negotiation of a land exchange with the USFWS; negotiations began immediately. By December 1997, the
USFWS Regional Director submitted an Intent to Exchange Agreement for the land exchange. Negotiations
continued for several years, gaining momentum when the Corporation hired a federal lobbyist. The
Corporation secured the support of the Alaska Congressional Delegation and USFWS Washington D.C. staff.
With the assistance of legal counsel, Newtok Native Corporation negotiated the terms of the land transfer and
drafted federal legislation. The Corporation assisted Congressman Young and Senators Stevens and Murkowski
in obtaining the votes for enactment of the land exchange law. United States Public Law 108-129 was signed
into law in November 2003.

Tool: U.S. Fish and Wildlife Service Land Exchange
Climate change may result in more frequent land exchange requests, as management and
subsistence resources adjust to climate changes. Land or resource management units may seek to shift their
protective management boundaries if the resource(s) they manage change location or habitat. Likewise, villages
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may look to relocate building sites or subsistence harvest areas, and Alaska Native Corporations may increase
future land selections under the Alaska Native Claims Settlement Act (ANCSA).
Refuge boundaries currently take in both Federally-owned lands and private lands. By Federal mandate,
Alaska’s National Wildlife Refuges are not allowed to change in size, but may change in shape. Land exchange
projects provide opportunities for Refuges to work in partnership with federal, state, and local governments,
private landowners and organizations, and local and national conservation groups. Exchange projects leverage
the collective expertise to decrease habitat fragmentation, conserve critical habitat for a variety of wildlife
within the National Wildlife Refuge System, and provide access to resources for the public to enjoy.

Story: Alaska communities reveal complex relocation
challenges.
“We have to relocate by choice, rather than being forced to by evacuation. By choice, we could still retain our identity, as a
culture, as a community. But unless we’re willing to do it ourselves, it’s not going to happen.” – Nora Kuzuguk 3
The 2009 GAO Report 09-551 “Alaska Native Villages: Limited Progress Has Been Made on Relocating Villages
Threatened by Flooding and Erosion” indicates that “31 Alaska villages face imminent threats, and at least 12 of
the 31 have decided to relocate in part or in entirety, or to explore relocation options.” Of those villages,
Newtok, Kivalina and Shishmaref chose to relocate entirely because of flooding, extensive erosion and
permafrost thaw that substantially threatens village infrastructure and community health. Eight years after the
2009 GAO Report was issued, none of the villages has relocated. Village relocation has proven to be a complex
process that requires significant funding, as well as many people, community members and agencies alike,
working together as a team to achieve successes.
Site Control. Newtok successfully identified and obtained site control to a new site, in part because of a land
exchange with the U.S. Fish and Wildlife Service. Site selection and control for Kivalina and Shishmaref has been
a significant impediment because the relocation sites chosen by those communities were determined by state
and federal agencies to be unsuitable because of permafrost thaw.
Funding. The Federal Emergency Management Agency (FEMA) is mandated to provide hazard mitigation (predisaster) and disaster relief (post-disaster) support, but erosion is not eligible for disaster declaration under the
Stafford Disaster Relief and Emergency Assistance Act. FEMA funds can be used for eligible protect-in-place
projects (i.e., against storm surges) and for the acquisition and demolition or relocation of individual homes out
of floodplains after a disaster, but the program will not fund community relocation, and rural Alaska
communities often score low on applications because of their small remote populations compared to most U.S.
cities. The Stafford Act would need to be amended by Congress to include relocation planning or activities
within FEMA’s mandate, which is highly unlikely given the magnitude of funding that could then be requested
from Alaskan and other U.S. communities.
So far, relocation funding has come from a variety of sources and interagency efforts. The federal resources
listed in the Catalog of Federal Programs can help communities mitigate weather and climate-related risks,
implement measures to increase their resilience and, if necessary, relocate community assets. The catalog was
compiled by the Arctic Executive Steering Committee’s (AESC) Community Resilience Working Group (CRWG),
which includes representatives from the Executive Office of the President as well as multiple federal agencies.

Sheppard, Kate, “Climate Change Takes a Village as The Planet Warms, A Remote Alaskan Town Shows Just How Unprepared We Are” January
06, 2015. The Huffington Post.
3
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Community Relocation Process
Decision. The community makes the decision to
relocate, e.g., by formal voting process or joint resolution
by Tribal Government, City Government and Village
Corporation.

Relocation Framework. The GAO Report calls for an
institutional relocation framework that would designate
one or more federal agencies to provide funding and
technical assistance for relocation activities, following a
federally-defined process to qualify for relocation
funding and to carry out relocation activities. On

Site Selection and Control. The community identifies
potential new village sites and obtains site control.
Agencies help coordinate geotechnical assessments of
the new site (e.g., U.S. Army Corps of Engineers (USACE),
USDA Natural Resources Conservation Service (NRCS),
Alaska Department of Transportation and Public
Facilities (ADOT/PF)). High-potential relocation sites are
large enough to accommodate the current and projected
village population; provide acceptable access to
traditional subsistence areas; have adequate fresh water
source(s) to support community needs; and have soils
suitable for physical development, including
transportation, solid waste, water and wastewater
infrastructure.
Relocation Plan. The community develops a
comprehensive, integrated plan for infrastructure needs
at the new site, relocation activities, and cleanup and
restoration of the old site. Strategic focus areas might
include: Site Preparation, Building Capacity, Emergency
Response and Public Health, Housing, Drinking Water
and Sanitation, Transportation, Energy, Education,
Communications and Community Resources, Closure
and Restoration (of old site).
Funding, Permitting and Design. The community
obtains funding for and completes required permitting
and design of new community infrastructure. Agencies
help prioritize and coordinate funding and permitting
requirements, and infrastructure design.
Construction, Transition and Restoration.
Construction on the new village infrastructure is carried
out, and the community moves to the location. The old
site is cleaned up and restored to a low to no-impact
condition. Agencies help local governing bodies
transition to the new site.

September 2, 2015, President Obama announced that
“the Denali Commission will play a lead coordination
role for Federal, State and Tribal resources to assist
communities in developing and implementing both
short- and long-term solutions to address the impacts of
climate change, including coastal erosion, flooding, and
permafrost degradation.” In 2017, the U.S. Department
of the Interior is coordinating a multi-agency effort with
the State of Alaska to develop an Adaptive Village
Relocation Framework for Alaska.
Prioritizing Assistance. The GAO Report identified the
need for information or guidance that would allow
federal agencies to prioritize assistance based on level
of threat. The Denali Commission recently engaged the
U.S. Army Corps of Engineers (Army Corps) and the
University of Alaska Fairbanks (UAF) in a Statewide
Threat Assessment Project to collect flood, permafrost
and infrastructure data for rural Alaskan communities,
analyze this data, and then develop a methodology that
assigns a risk index for each threat for individual
communities, as well as an overall aggregate risk index
for all three threats when considered together.
While relocation is perhaps the most extreme decision
on the adaptation planning spectrum, local hazard study
and assessment combined with local knowledge can
inform local decisions to relocate or protect-in-place.
The State of Alaska created the Alaska Climate Change
Impact Mitigation Program (ACCIMP) in 2008 to help
communities plan for change through environmental
studies (Hazard Impact Assessments) that provide

baseline data and projections to inform local adaptation decisions. The ACCIMP also provided funding for
communities to conduct further study, preliminary design work or to begin the adaptation planning process,
based on information from the Hazard Impact Assessment. While the State’s fiscal shortfall makes it unlikely
that the ACCIMP will receive funding in the near future, the State prioritized a new focus of the Risk MAP
Program in 2017 to provide assistance to imminently-threatened Alaska Native villages through the study and
analysis of local hazards and providing risk assessment tools to inform local decisions in the adaptation
planning process.
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Health and Culture
Adapt cultural traditions to new realities.
Individuals and communities can express their cultural identity, document local and traditional
knowledge they want to maintain, and continue oral traditions. Individuals can spend time with
and learn from Elders. Individuals and communities can maintain subsistence and culture
camps, and try new subsistence species. Individuals and communities can develop new designs
for things people already use, such as new technology or methods for freezing or drying fish or
meat given changes in air temperature and humidity, although some food preservation
technology requires electricity.

Story: National Park Service Place Names Project keeps
traditional science alive.
“The Inupiaq language is an environmental language. It’s tied directly to the land, the air, the oceans, the seasons.
Place names are given for scientific reasons, Inupiaq scientific reasons, directly associated with our physical
environment in some way or another.” – Kotzebue LCC Workshop Participant
For over a decade, park units across Alaska have made progress in digitizing legacy toponym information while
also gathering new data through collaborations with Native communities associated with park lands. Although
often referred to under the umbrella of “place names,” these data offer a wealth of information about far more
than simply the name of a place or a point on a map. Stories and observations recorded in conjunction with
place names provide local knowledge and observations regarding seasonality, weather, natural phenomena,
travel, early settlement, historic activities, beliefs, mythology and more.
Existing northwest Alaska place name datasets often contain observations about the natural environment,
including animal behaviors, habitation and migration locations, geologic features, plant gathering areas, and
much more. Some discussions highlight changes in the natural landscape as well as observed impacts of such
changes. This traditional knowledge can be used to inform, and perhaps direct, current research.
Examples: maiġñiġruaq This lake was once a large lake with lots of muskrats. Now, it has become just ground.
Also known as Sirraġniġruaq. (Shungnak informants) Siuqaqtuaq Lit. once there were sheefish. This was once a
big lake near Pitqiq. It is now a creek. (Ambler informants). (Project description by Eileen Devinney from the poster,
“Application for Digitized Traditional Place Names and Place Based Ecological Knowledge in Alaska’s National Parks.”)
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Supplement subsistence with herding and
gardens.
Individuals and communities can grow food, plant a garden or berry bush to supplement
subsistence with fresh locally-produced, healthy food. Individuals can learn about food
preservation techniques for garden harvests. Individuals or community organizations can also
start farms to grow produce and/or herd livestock.
“Greenhouses and gardens may be one adaptation strategy but they don’t work everywhere; you have to have time to
tend them. The land is our garden. That is what is preferred.” – Nome LCC Workshop Participant

Story: Reindeer herding on the Seward Peninsula
supplements caribou.
Reindeer husbandry has been practiced on the Seward Peninsula for over a century. The reindeer are
maintained as a local food source and a source of economic development. The Kawerak Reindeer Herders
Association works with herders to improve herd management and develop a viable reindeer industry. The
University of Alaska Fairbanks teaches herders how to work within the commercial system of inspection,
packaging, shipping, and marketing. Future industry development may involve obtaining funding for a slaughter
facility to create jobs and sell meat to customers such as the Norton Sound Economic Development
Corporation (NSEDC), other communities in the region, and artisanal markets in Anchorage or other places.

Story: Tyonek Grown Community Gardens bring people
together with healthy food.
Rural Alaska residents participate in a subsistence lifestyle including activities such as salmon fishing, moose
hunting, berry picking, and more. The availability of fresh healthy produce to complement healthy wild foods is
limited. Gardens provide healthy, locally-sourced food while promoting self-reliance and community well-being.
Gardening in rural communities in Alaska can often be a challenge due to lack of materials, weather, and short
growing seasons. However, one of the benefits of a warming climate is a longer growing season, and
communities are finding ways to work together to overcome logistical limitations to and promote gardening.
Tyonek is a small predominately Dena’ina Athabaskan community located on the west shore of Cook Inlet and
is the closest rural community to the Municipality of Anchorage. Although only 25 minutes by air from
Anchorage, transportation is expensive, and bringing in fresh food, which is often bulky or heavy, is a
considerable expense. The Native Village of Tyonek (NVT) through a partnership with the Tyonek Tribal
Conservation District (TTCD) turned to gardening to help reduce the cost of access to healthy foods for rural
families, inspire youth involvement while introducing healthy eating and lifestyle habits, create jobs, pass on
cultural practices, and encourage people all over Alaska to do more for their communities.
In 2012, the TTCD and the NVT began developing an agricultural program called Tyonek Grown aimed at
enhancing food security and providing fresh organic vegetables to community members in their remote
community. The garden has grown into a 1.5-acre operation with two high tunnels (48 feet by 22 feet), solar
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powered irrigation and ventilation
systems, 15 raised beds, over 2,000 rowfeet of potatoes and mixed vegetable
crops, perennial fruits, and plans for
expansion in the coming years. Each year,
TTCD and NVT work collaboratively to
ensure community goals and needs are
being met through the program.
Vegetables harvested from the Tyonek
Garden are sold in the community and
the surplus produce is sold in Anchorage
through markets at the Tyonek Tribal
Conservation District office and local
restaurants with proceeds directly
supporting the Tyonek Grown program.
To accomplish Tyonek’s goal of providing
healthy food for Elders, the program

A Tyonek Garden’s high tunnel in July 2015 growing beans, tomatoes,
corn, pumpkins, zucchini, and more. Photo Credit: N. Swenson, TTCD.

donates food weekly to the Elder’s Lunch
Program, a daily lunch delivery to Tyonek elders managed by the NVT. Tyonek Grown has been incorporated
into the Tebughna School curriculum; in 2015, 85 pounds of produce was served in the school snack program
as a pilot project.
Youth involvement is an invaluable part of the Tyonek Grown Program. Young people are involved in every step
of the process and will be the ones to run the garden in future years. Students plant seeds in the spring; youth
interns help maintain the plants throughout the summer; and in the fall the school participates in harvesting,
preparing and (most importantly) eating the produce. The success of student involvement has led to
discussions of indoor year-round production efforts to fully incorporate Tyonek Grown produce in both the
school snack and lunch programs.

Story: Tok school garden provides protection from wildfire,
food, and new opportunities.
In 2008, after decades of intense wildland fire activity threatened the community, the village of Tok undertook a
major effort to thin the stands of black spruce surrounding its buildings, starting with the area around the school.
The school obtained a state grant and purchased a biomass boiler to convert the trees into heat. Within five years,
the school district saved enough money on electricity and heating costs to hire local people to thin trees and train to
become firefighters. Biomass now also heats a commercial greenhouse growing vegetables to feed the school’s
students, and the school has been able to hire a music teacher and a counselor. The greenhouse continues to be
used as a learning laboratory for biological science, indoor agricultural practices and nutrition.

Tool: Alaska Food Policy Council
Sign up for the Alaska Food Policy Council (AFPC) newsletter, which often includes grants for foodrelated projects.
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Tool: University of Alaska Fairbanks Cooperative Extension
Cooperative Extension Services provide educational and research programs to support residents and
communities in a range of natural resource and economic activities.

Tool: Alaska Association of Conservation Districts
The Alaska Association of Conservation Districts provides education programs, information services,
meetings and conferences to Alaska’s Soil and Water Conservation Districts.

Tool: U.S. Department of Agriculture (USDA) Assistance
The U.S. Department of Agriculture (USDA) provides technical and financial resources for agriculture
and food cultivation projects, land and resource management, rural communications and energy projects, rural
economic development projects, and limited community infrastructure.

Maintain subsistence access.
Communities, resource managers and policy makers can improve communication and work
together to adjust subsistence seasons and other regulations to new species patterns and
conditions. Individuals can engage regulatory advisory committees, and testify at meetings,
Resource managers can explore new or different management options. Communities can
consider a voluntary community moratorium on hunting if an alternative food source is
available to communicate to the world that they have a strong commitment to the future for
their children. Policy makers can build more flexibility into decision-making and government
regulations. Decision-makers can listen and allow more input from residents about appropriate
subsistence quotas, fines, season dates, etc.

Story: Co-management encourages rebound and sustainable
harvest of Emperor Geese.
Beginning in the spring of 2017, emperor geese will be open for a customary and traditional harvest for the first
time in 30 years. Hunting for the geese closed in 1987 after the Emperor Goose population dropped to less
than 45,000 birds. As the Emperor Goose population has slowly rebounded, the Alaska Migratory Bird CoManagement Council (AMBCC) created and passed a plan to re-open a limited harvest for the species: the
Alaska Migratory Bird Co-Management plan for emperor geese.
The effort began as a collaborative education attempt to explain which geese were vulnerable. It grew into a
movement to limit the harvest of the birds and culminated in the formation of the AMBCC in 2000 as comanagement council. The AMBCC consists of the U.S. Fish and Wildlife Service (USFWS), the Alaska Department
of Fish and Game (ADF&G), and representatives of Alaska’s Native population, including the Association of
Village Council Presidents (AVCP). The AMBCC’s primary purpose is to conserve migratory birds through
development of recommendations for the subsistence spring/summer harvest in Alaska. Subsistence
regulations were first published in 2003.
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The AMBCC’s work involves treaties with countries that stretch the entire Pacific flyway from winter to summer
habitats. The AMBCC works with the Pacific Flyway Council (PFC) to develop migratory bird hunting regulations
and coordinate management of migratory birds. The PFC is an administrative body that forges cooperation
among public wildlife agencies for the purpose of protecting and conserving migratory birds in western North
America. The Council is composed of the director or an appointee from the public wildlife agency in each state
and province in the western United States, Canada, and Mexico.
Between 80 to 90 percent of the Emperor Goose population breeds on the Yukon Kuskokwim Delta, and the
birds are only found in Alaska and a peninsula in eastern Russia.

Tool: U.S. Fish and Wildlife Service Walrus Management
The U.S. Fish and Wildlife Service (USFWS) Marine Mammals Management office works to ensure that
the Pacific walrus in Alaska continues to be a healthy, functioning component of the Bering and Chukchi Seas
ecosystems. Management responsibilities include:






international cooperation with Russia on walrus management issues,
conducting population surveys, monitoring and modeling populations,
monitoring harvest by Alaska Natives,
developing habitat protection measures such as regulations to minimize incidental take for industrial
operations in walrus habitat, and



collaborative management and research programs at the local, state, national, and international levels.

The Marine Mammals Management office takes an ecosystem approach to walrus management, carried out
through the cooperative efforts of many partners, including the National Wildlife Refuges, the Eskimo Walrus
Commission, Alaska Department of Fish and Game (ADF&G), National Marine Fisheries Service, Bureau of
Ocean Energy Management (BOEM), Alaska SeaLife Center, World Wildlife Fund (WWF), Wildlife Conservation
Society, and the University of Alaska. The Marine Mammals Management office works closely with Tribal
governments and Alaska Native Organizations such as the Eskimo Walrus and Qayassiq Walrus Commissions to
co-manage the Pacific walrus population and ensure that it remains a functioning component of the arctic
ecosystem and a sustainable subsistence resource.

Tool: Examples of species co-management in Alaska
Species co-management can allow for more flexibility and input from residents into resource
management regulations to address issues such as:




Disagreement about the appropriateness of subsistence quotas for certain species (e.g., walrus);
Disagreement about the appropriateness of fines for dumping at sea under extenuating circumstances
(e.g., with less ice cover, hunters had go farther into the ocean to hunt; bad weather forced them to
dump some meat or risk capsizing the boat and the death of the hunters. Yet agencies expect trawlers
to lose plastic nets at sea.)




Potential need to cross the international border in areas close to Russia or Canada;
Existing regulations might not be keeping up with changes in the seasonality and migration patterns of
subsistence resources. People used to be more selective about the animals they hunt; now animals are
passing by before they can even get out hunting. Residents must hunt quickly whatever presents itself
or miss out.
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Examples of species co-management in Alaska:





Alaska Migratory Bird Co-Management Council (AMBCC)
Alaska Eskimo Whaling Commission
Indigenous People’s Council for Marine Mammals (IPCoMM)

Maintain healthy communities.
Communities and regions can use Community Climate Change Health Impact Assessments to
better understand how environmental changes affect human health. Homeowners and renters
can maintain homes to prevent household fire and wildfire as well as health impacts of poor
indoor conditions. Individuals can conduct food safety outreach and testing.

Tool: Climate Change and Health Impact Assessment
Reports
Preventing negative health outcomes requires understanding change as well as its direct and indirect health
effects. To assess climate change impacts on public health, the Alaska Native Tribal Health Consortium (ANTHC)
worked with partners to complete Climate Change Health Assessments (CCHAs) for individual and groups of
communities in the Bering Strait, Bristol Bay and Upper Nushagak River areas, including: Atqasuk, Nuiqsut,
Wainwright, Selawick, Kiana, Noatak, Kivilina, Point Hope, Levelock, Nondalton, Pilot Point, Koliganek, New
Stuyahok, and Ekwok. The CCHAs are driven by local observation and traditional seasonal time scales, which are
synthesized with available climate, environmental and health data. A survey tool, the Climate and Health
Measure (CAHM), was developed and used for recording observations, assessing potential health effects,
identifying data gaps and exploring adaptation pathways. Through the CCHA process, priorities are identified
and stakeholders empowered to address specific problems, consider strategies, develop partnerships and
implement adaptive measures. Because the process relies upon local observations, the Alaska Tribal Health
system has been able to act quickly and support local efforts to develop appropriate responses.

Tool: Fire Prevention Resources
Online video series created by the Aleknagik Traditional Council in partnership with the U.S.
Environmental Protection Agency (EPA), the Alaska Native Tribal Health Consortium (ANTHC), Bristol Bay Area
Health Corporation (BBAHC), Bristol Bay Native Association (BBNA), Bristol Bay Housing Authority (BBHA),
Aleknagik Health Clinic, and Talking Circle Media.




Let’s Clear the Air: Simple Steps to A Healthier Home (Vimeo | YouTube)
Let’s Clear the Air: How to Maintain your Heat Recovery Ventilation (This video in Yupik with English
subtitles.) (Vimeo | YouTube)
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Let’s Clear the Air: Protect Yourself from Wildfire Smoke (Vimeo | YouTube)
Tribal Healthy Homes Network (THHNW)
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Tool: Rural Alaska Monitoring Program (RAMP)
Field test strips are used to help hunters see if there are certain harmful bacteria in a harvested
animal’s blood.

Tool: ANTHC and State of Alaska Mercury Testing
Women of childbearing age can submit a lock of hair to their local healthcare provider, who will send
it in for mercury testing. Results are returned to the individual with personalized recommended guidelines.

Keep drinking water clean and the landscape
pristine.
Individuals, communities, businesses and organizations can reduce waste, reuse, recycle, and
compost. Communities can improve sanitation, water and wastewater systems, and waste
management. Communities and resource managers can work together to enforce land use
standards and behaviors that maintain ecosystem health.

Story: Alaska Bounty composts fish at a small farm site and
community garden.
Alaska Bounty was formed in 2009 to grow fresh, organic produce at our farm in Naknek, Alaska. Located
across the road from Red Salmon Cannery, the Alaska Bounty Farm uses only natural, locally-available soil
amendments, such as fish-based fertilizers, local peat moss and wood chips for soil fertility. By utilizing an
existing waste stream, we are doing our part to reduce pollution in Alaska’s pristine Bristol Bay region. To
ensure our local and regional food security, the Alaska Bounty Farm offers technical assistance and advice to
others who wish to grow their own food.

Tool: U.S. Environmental Protection Agency (EPA) Tribal
Environmental Program (GAP)
In 1992, Congress passed the Indian Environmental General Assistance Program Act. This act authorized the
U.S. Environmental Protection Agency (EPA) to provide General Assistance Program (GAP) grants to federally
recognized tribes and tribal consortia for planning, developing and establishing environmental protection
programs in Indian country, and for developing and implementing solid and hazardous waste programs on
tribal lands. The goal of the GAP is to assist tribes in building capacity to administer tribal environmental
programs consistent with the federal laws the EPA is charged with implementing, according to their individual
needs. The program funds a range of activities and projects. As much as possible, the attempt has been made
to highlight the activities in this guide that are eligible for support through the program, including those that
have an approved Quality Assurance Project Plan (QAPP).
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Other Economic Activities
Integrate education, training and local job
opportunities.
Educational curricula in schools throughout Alaska can include interactive learning, traditional
culture and language, current educational requirements, opportunities for internships or onthe-job training, and an emphasis on innovation grounded in place and culture. This
combination of blended educational components can prepare youth for jobs and
entrepreneurial projects that will allow them to commit and contribute to their communities, as
well as support adults in lifelong learning. Communities, industry, government and educational
instructions can support these educational initiatives.

Story: Several Alaskan educational institutions offer
blended education.


The University of Alaska Fairbanks (UAF) Bristol Bay and Chukchi campuses maintain a focus on local
jobs and understanding the local environment.




The Alaska Native Cultural Charter School maintains culture and curriculum in Anchorage.
Public schools offer bilingual programs that provide a foundation in both English and Yup’ik or Cup’ik in
Yukon Kuskokwim Delta communities.




Nikaitchuat Ilisagviat in Kotzebue is the only Iñupiaq immersion school in the United States.
Yuut Elitnaurviat provides training for local jobs that combines intensive academics and on-the-job
training in Bethel.



Ilisagvik College is a two-year tribal college in Utqiagvik (formerly Barrow). Alaska Pacific University
(APU) entered into a partnership with the Alaska Native Tribal Health Consortium (ANTHC) to transition
toward a tribal college designation.



The Alaska Native Science and Engineering Program (ANSEP) has evolved into an educational model
that brings career guidance and opportunities for work experience into students’ education path
starting in sixth grade and continuing through graduate-level studies.



The Alaska Native Knowledge Network provides resources for indigenous knowledge in education and
other applications.



The North Pacific Research Board (NPRB) provides funding and support for researchers to share their
work with communities and schools.
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Tool: Hazardous Waste Operations and Emergency Response
(HAZWOPER) Training
After completing the 40-hour Hazardous Waste Operations and Emergency Response (HAZWOPER) Training, a
person obtains Occupational Safety and Health Administration (OSHA) Certification and can be paid for
response activities.

Start small businesses that can thrive with local
resources.
Communities, individuals and regional entities can encourage local businesses that fit well with
community values and local resources. Communities can also build on customary trade of
resources to grow business networks.
“How do we adapt and expand an economic model so that it doesn't become industrial scale? Can we provide for
subsistence infrastructure, and allow for transition from subsistence to customary trade to small commercial
ventures (i.e., buy a boat and motor and do other things)? If all commercial fishing is factory trawlers and our only
economic opportunity is controlled by big industry that isn't grounded in the community, then residents become
disenfranchised, forced into welfare. Can we adapt our economy to keep pace with change? We want small precise
tools that allow us to retain local control: local fisheries, local family industry, supporting family and contributing
year-round to the community.” – Nome LCC Workshop Participant

Story: The Norton Sound King Crab Fishery succeeds with
small-scale fishing.
The Norton Sound King Crab Fishery existed for years as subsistence, then they started selling, and locals
petitioned the Board of Fish to open a commercial fishery. With a commercial fishery, 60-foot to 200-foot
crabbers started coming in and refused to buy from small-sale local fishers. The crab population had been
reduced to a quarter of its size. Eventually, regulations were changed and a pot limit was imposed. The fishery
was restricted to small boats in 1993 and designated a super exclusive fishery in 1994, which means that a
vessel registered for the Norton Sound king crab fishery cannot participate in any other king crab fishery during
that year. Since 1995, Norton Sound Seafood Products runs a financially sustainable fishery purchasing fish
only from small local boats and markets itself as a ‘small specialty store as compared to the megasupermarket.’

Story: The Native Village of Port Heiden adapts with
sustainable businesses.
“Everyone contributes: elders watch the reindeer, kids get food for the reindeer and bottle feed piglets; everyone is
helping. We put all our stuff on Facebook, websites, Instagram, and created a food movement for our people. Our
kids are really excited about it. We’re remembering our subsistence practices.” – Adrianne Christensen, King Salmon
LCC Workshop Participant
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The Native Village of Port Heiden initiated several projects aimed at sustaining the local community, economy
and environment. These projects include a farm, salmon processing plant (in development), and a construction
and environmental remediation company. Meshik Farm started in 2014 as a response to high shipping costs, a
changing climate, and a desire to promote healthy eating. Port Heiden is now cultivating a garden and raising
reindeer, pigs, chickens and rabbits. Although the farm has benefitted the community in many ways, it has
presented challenges:



Blending agriculture and subsistence means managing a major agro-ecosystem to maintain genetic
diversity. How do you actively manage the land to keep shrubs out of critical berry producing habitats,
for example?



Agriculture can introduce invasive species, disease, blight, or other challenges to maintaining the
health of the existing ecosystem and fitting new species into natural ecosystems.



Agriculture and herding are hard work and require a time commitment; not everyone will be interested
in doing it.



Experimentation and training are required to see what grows and how best to manage herds in local
environments.



High tunnels can extend the growing season for crops, but have a cost to build and may require
heating or ventilation.



Animal husbandry requires veterinarian services, possible fencing and other equipment that must be
maintained.



In production-level farming, workers must be paid a competitive wage. A community garden requires
volunteers, equipment, and grant funding.



Agriculture reduces the mobility of a village; villages used to be very mobile, with seasonal fish camps.

Meshik Processing Center is currently in development. When operational, it will provide a local processing
option for salmon fishermen. Aniakchak Contractors, LLC is a tribal subsidiary that specializes in rural building
construction, environmental remediation and road construction. The tribe worked with the U.S. Army Corps of
Engineers to clean up the former Fort Morrow Military Base Radio Relay Station in Port Heiden and used the
opportunity to train their local community in Hazardous Waste Operations and Emergency Response
(HAZWOPER) courses, asbestos abatement, hazardous material management and placarding, sampling and
survey field techniques; they also helped drivers get their Commercial Driver’s Licenses (CDL) and Hazardous
Materials (HAZMAT) endorsements. After completing the remediation and removal of POLs and PCBs 4 in
addition to groundwater monitoring of the site, the tribe has maintained its construction company to offer
similar services locally and in other communities in the region.

Petroleum, Oil and Lubricants (POL): A common acronym used to describe the contents of tanks and associated piping that contains these
materials. It also refers to a Dept. of Defense program to clean up petroleum spills or leaks.
4

Polychlorinated Biphenyls (PCBs): A group of toxic, persistent chemicals formerly used in electrical transformers and capacitors for insulating
purposes and in gas pipeline systems as a lubricant. They are classified as a possible carcinogen. The sale and new use of PCBs were banned in
1979. Prior to that time, PCBs were commonly found in oils used in electrical equipment and hydraulic fluids. The compounds were also used in
heat transfer liquids, hydraulic fluids, plasticizers, and caulking materials. PCBs strongly attach to plants, soils and sediments. PCBs found in soil
can very slowly migrate to groundwater or surface water.
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Story: Resident Technical Assistance Program helps
entrepreneurs.
The Bristol Bay Economic Development Corporation (BBEDC) provides Community Development Quota (CDQ)
Program resident entrepreneurs with a source of assistance in developing business plans, feasibility analysis
(small projects), grant mentoring, completing loan applications, financial counseling and other unique needs for
developing small businesses. The program provides free consulting assistance to successful applicants. The
applicants must actively work with the consultant towards a finished product.

Tool: Alaska Small Business Development Center (SBDC)
SBDC provides resources, advice, and assistance that help small businesses grow and create
measurable economic impact throughout Alaska. Assistance is provided by experienced business advisors and
experts through on-site and/or online interactions or training, and at no or very low cost to clients.

Tool: Alaska’s ‘Blue Economy’
“Our vision is that by 2040, Alaska’s blue economy, the sustainable ocean economy, will grow by
50,000 jobs and $3 billion in wages, approximately equal to the oil and gas industry today.” – Bering Sea
Fishermen’s Association. See also:
http://www.alaskajournal.com/2017-09-14/building-alaska-blue-economy%E2%80%99#.Wc7DnVtSxpg

Tool: Alaska Fisheries Business Assistance (Fishbiz)
This program provides information and resources about managing the business side of an Alaska
commercial fishing operation. It is a compilation of information generated primarily by the Alaska Sea Grant.
Website materials include documents, podcasts and spreadsheet tools as well as links and contact information
for financing, regulatory and other relevant organizations. These materials aim to provide financial and
business tools for Alaska commercial seafood harvester to be resilient in the face of changing fishing
conditions.
The website is organized into four sections corresponding to the four career phases of fishing: Start Your
Business, Manage Your Business, Grow and Diversify, and Plan an Exit Strategy. In the Start Your Business
section, users can find tools for beginning fishermen venturing to a fishing business. In the Manage Your
Business Section, users can find some of the many tools produced by Alaska Sea Grant to help established
commercial fishermen get a better handle on their fishing business. These materials include information on
lowering expenses, managing risk, tracking income, structuring options for fishing businesses, and more. In the
Grow and Diversify section, the website provides tools on topics as diverse as direct marketing and
refrigeration system investments to help users prepare to take the next big step in their operations. Finally, in
the Plan and Exit Strategy section, the website provides tools from evaluating retirement investment decisions
to guiding the many decisions that go into how to divest out of a fishing business.
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Align economic and environmental interests in
resource development and maritime industry.
Regional entities, resource managers, researchers and industry can use scenario planning to
consider and proactively respond to the environmental and economic potentials of resource
development. Individuals and organizations can attend meetings or submit comments in
regional planning or regulatory review processes, inform shipping regulations and help
articulate a regional response to shipping activity or other marine-based economic
developments. Regions can develop Waterway Safety Committees composed of diverse
stakeholders to address issues with transiting boat traffic, such as dumping, using the harbor
for shelter but not communicating with the community, etc. Agencies and their partners can
continue to monitor vessel traffic and provide that information for communities and resource
managers to support their activities.

Story: Resource development scenarios help understand
and mitigate impacts.
To understand the potential costs and benefits of developing Arctic resources in a safe and sustainable
manner—and to help ensure that residents and ecosystems in the region can adapt as conditions change—
federal, state, local, and Native entities in Alaska formed the North Slope Science Initiative (NSSI), which is
authorized to serve as an inter-governmental forum for science collaboration through the Energy Policy Act of
2005. To produce science-based guidance for the development of energy resources in the region, NSSI took up
the idea of developing detailed scenarios—plausible stories about how the future might unfold—to describe
how resource development could occur and what monitoring efforts would be useful to help protect people
and the environment as conditions change. Together, the project team and stakeholders including individuals
from North Slope communities, representatives of energy and resource extraction and processing industries,
tribal members, academic partners, non-governmental organizations, and members of the NSSI considered
uncertainties that might affect resource development in the context of a changing climate through the year
2040. The project team is now synthesizing existing data with identified uncertainties to develop a body of
information to support decisions related to development of energy resources in the region.

Story: Waterway Safety Committees protect resources and
communities.
Two waterway safety committees have been established in the Bering Strait, Chukchi and Beaufort seas as well
as the Cook Inlet region and a third will cover the Aleutian and Pribilof Islands region. The committees are
established with guidance from the U.S. Coast Guard (USCG) and are composed of stakeholders including
industry, tribes and conservation organizations. These committees work with advisors from federal and state
agencies to develop voluntary best management practices for vessel operators.
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Arctic Waterways Safety Committee (supported by the National Fish and Wildlife Foundation)



Cook Inlet Harbor Safety Committee



Aleutian Islands Waterways Safety Committee
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Story: Bering Strait Voices on Arctic Shipping documents
regional concerns.
Kawerak, LLC has led several efforts documenting the concerns of Bering Strait communities relative to
increased Arctic vessel traffic. The Kawerak Marine Program has organized several workshops convening
community leaders and ocean policy professionals to inform their advocacy efforts around the protection of
subsistence resources, the environment and the culture of the region.

Story: Shipping buffers protect resources in the Aleutian
and Bering Sea Islands.
In partnership with the Wildlife
Conservation Society and
the Scenarios Network for Alaska
and Arctic Planning at the University
of Alaska Fairbanks, the Aleutian
and Bering Sea Island (ABSI)
Landscape Conservation
Cooperative (LCC) purchased a
three-year archive of satellite-based
Automatic Identification System
(AIS) data and conducted a
Commercial Shipping Vulnerability
Analysis to help managers and
communities understand the
magnitude of commercial shipping
transiting through the Aleutian
Islands and Bering Sea region in
2013. This analysis of more than 72
million vessel locations documents
thousands of transits through the
ABSI region and shows that several
of the major existing shipping
routes pass within 25 nautical miles
of key wildlife sites. A series of
animated images from July 2010 to
August 2013 show seasonal

Image courtesy of the Aleutian Bering Sea Islands (ABSI) Landscape Conservation
Cooperative. Watch the shipping route animations:
https://absilcc.org/science/SitePages/MVT%20gifs.aspx

patterns of marine vessel activity in the Aleutian and Bering Sea Islands region, including bulk carriers, dry
goods, tankers, and fishing vessels.5 Reduced traffic in the northern Bering Sea during winter months is
primarily due to seasonal sea ice. Seasonal changes in the routes of bulk carriers and dry goods vessel may
reflect storm avoidance using of the lees of the Aleutian Islands where reduced fetch results in calmer seas. 6

5

Images include copyrighted material of exactEarth Ltd. All Rights Reserved.

6

Personal communication with Joseph Sienkiewicz, National Oceanic and Atmospheric Administration (NOAA).
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Results presented at a meeting of the Aleutian Islands Risk Assessment advisory panel in April 2014 helped
inform an application from the U.S. Coast Guard (USCG) to the International Maritime Organization (IMO) for
the establishment of five Areas to be Avoided (ATBAs). The proposal was approved by the Maritime Safety
Committee of the IMO on June 12, 2015. The recommendatory ATBAs went into effect on January 1, 2016, and
were included on all new nautical charts produced after that date. The recommended routes that keep vessels
outside the ATBAs will reduce the potential risk to seabird colonies by 17 percent, and to endangered Steller
sea lion rookeries and haulouts by 21 percent, while adding less than one percent to the overall distance of the
voyage between the Pacific Northwest and Asia. To learn more, sign up for the ABSI mailing list.
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Mitigation and Emergency
Preparedness
Increase personal
preparedness.
Individuals, households, businesses and other
organizations can prepare for emergency situations
by assembling emergency supplies (e.g., water, food,
temporary shelter) and practicing skills (e.g., culture
camps and camping outside) that will help make us
more effective and less panicked in a real emergency.

Tool: Personal Preparedness
Guidelines
The Federal Emergency Management Agency (FEMA) offers
various guidelines and a checklist for personal emergency
preparedness, including a set of guidelines specifically for
Alaska Native communities.

Increase community
preparedness.
A community can complete a Small Community
Emergency Response Plan (SCERP), which provides a

FEMA Personal Preparedness for Alaska
1] Make a plan for what you will do in an emergency.
2] Get a kit of emergency supplies, such as:


Water one gallon per person per day for at
least three days for drinking and sanitation



Food at least a three-day supply of nonperishable food



Battery-powered/hand crank radio, a
NOAA Weather Radio with tone alert and
extra batteries



Flashlight and extra batteries



First aid kit



Whistle to signal for help



Filter mask to help filter contaminated air
and plastic sheeting and duct tape to
shelter-in-place



Moist toilettes, garbage bags and plastic
ties for personal sanitation



Wrench or pliers to turn off utilities



Manual can opener for food (if kit
contains canned food)



Local maps



Unique family needs (e.g., prescription
medications and glasses, infant formula
and diapers, important family documents)

3] Be informed about what might happen.

quick reference of who to call upon in an emergency.
Communities can also obtain grant funding from the Federal Emergency Management Agency
(FEMA) to prepare Hazard Impact Assessments to identify and prepare for likely threats to their
safety, as well as Hazard Mitigation Plans that can fund improved essential community
infrastructure after a disaster.

Tool: Small Community Emergency Response Plan (SCERP)
The State of Alaska Department of Military and Veterans Affairs, Division of Homeland Security and
Emergency Management (DHS&EM) offers a toolkit and template for emergency response planning and
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preparedness at the community level. Communities form a
planning team, fill in the toolkit with the planning team, send
the toolkit to the DHS&EM SCERP Planning Team, who will
develop a customized SCERP and return it to the community.

Tool: Bering Strait Response
Teaching Tool
Defenders of Wildlife produced a web mapping portal that
aggregates data from ocean waters in Norton Sound, the
Bering Strait, and Kotzebue Sound. The Bering Strait
Response Teaching Tool (BSRTT) includes a Data Layer
Catalog, Interactive Ocean Portal and Oil Spill Scenarios. The
Data Layer Catalog provides a library of historical and realtime information for the Bering Strait region including
weather, sea ice, ship routes, infrastructure and spill response
resources. The Interactive Ocean Portal is an interactive map
that displays data in and around the Bering Strait. The BSRTT
uses the catalogued data and interactive map to produce a
series of oil spill scenarios that show the impacts that possible
spills could have in the region through visualizations and

Photo courtesy State of Alaska Department of
Military and Veterans Affairs, Division of
Homeland Security and Emergency Management.

descriptions.

Story: Hazard Mitigation Planning helped Alakanuk relocate
buildings.
The City of Alakanuk successfully applied for a $280,000 hazard mitigation grant through the Federal
Emergency Management Agency (FEMA) Hazard Mitigation Grant Program (HMGP) to respond to a spring flood
disaster (DR-1423, 06/26/2002). Eleven residential structures and the City Office were relocated away from the
Yukon River embankment to available sites within the community. All structures were threatened by spring
flood, ice override, and continuous high-water flow erosion. This effort prevented future damage to the
community. During the next flood season an ice block moved across the last relocated residential structure’s
location; the ice block was larger than the relocated house.

Tool: Hazard Mitigation Plans and Other Assistance
States and federally-recognized tribes can apply directly to the Federal Emergency Management
Agency (FEMA) as an applicant for assistance, but they must have a FEMA-approved hazard mitigation plan as a
condition for receiving non-emergency Public Assistance (Categories C-G), Fire Management Assistance Grants,
or Hazard Mitigation Assistance (HMA) project grants through the HMA grant programs. Tribes, cities or
boroughs can apply through the State of Alaska as a sub-applicant; they must have a FEMA-approved tribal or
local hazard mitigation plan as a condition for receiving HMA project grants through the Hazard Mitigation
Grant Program (HMGP), Pre-Disaster Mitigation (PDM) program, and the Flood Mitigation Assistance (FMA)
program. State, tribal, and local governments must update their hazard mitigation plans and re-submit them
for FEMA approval every five years to maintain eligibility for grant assistance. Jurisdictions that do not have
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current FEMA-approved hazard mitigation plans can apply for a planning grant under the FEMA Hazard
Mitigation Grant Program and the FEMA Pre-Disaster Mitigation Grant Program. Hazard Mitigation Plans may
be integrated into community or comprehensive plans; they may also include a: Hazard Risk Assessment,
Hazard Impact Assessment, Emergency Response Plan, Hazard Protection Plan, and/or Climate Change
Preparedness Plan. FEMA requires baseline data of normal conditions to which changes resulting from disaster
or hazardous events can be compared. The State of Alaska updates a statewide Hazard Mitigation Plan every
three years and provides Hazard Mitigation Planning guidance to tribes and local governments through the
Division of Homeland Security and Emergency Management (DHS&EM). Active Hazard Mitigation Plans for
Alaska Communities may be downloaded from the Division of Community and Regional Affairs (DCRA).

Participate in regional preparedness efforts.
Individuals, communities and regional, state and federal agencies can participate in large-scale
planning and emergency response efforts, including response simulations that show how well
response plans are likely to work in a real emergency.

Story: Coordinated planning and response drills improve
spill response capabilities.
The U.S. Coast Guard (USCG), U.S. Environmental Protection Agency (EPA), and the State of Alaska conduct joint
unified planning for oil spill response to eliminate planning redundancy. The Unified Plan provides a
coordinated federal, state and local response strategy within Alaska and its surrounding waters. Subarea
Contingency Plans (SCPs) focus on issues and provisions specific to each of 10 subareas in Alaska, and are the
result of joint planning among the ADEC, USCG, EPA, U.S. Department of the Interior (DOI), and other federal,
State, local, Native and industry participants.
Spill responses happen in three phases:
1)

Responders contain and remove the oil or other hazardous substance at the scene of the spill or while
it is still on open water to reduce or eliminate impact on shorelines or sensitive habitats.

2)

If not fully removed in phase 1, responders intercept, contain and remove any remaining substance in
the nearshore area.

3)

If not fully removed in phase 2, responders implement Geographic Response Strategies (GRS) to
protect sensitive areas in the path of the oil from the impacts of a spill or to minimize that impact to
the maximum practical extent. GRS are site-specific, map-based response plans that can save time
during the critical first few hours of an oil spill response by showing responders where sensitive areas
are located and where to place oil spill protection resources. GRS are developed with extensive
stakeholder input to minimize environmental damage, use as small a footprint as possible to support
the response operations, and select sites for equipment deployment that will not cause more damage
than the spilled oil.

In July 2014, the Alaska Department of Environmental Conservation (ADEC) and Alaska Chadux (the region’s oil
spill response organization) conducted an oil spill response drill near Teller and Brevig Mission to test and
revise the area’s response plans. Companies that barge fuel to communities along the Bering Strait coast
contract with Chadux to clean up the spill. The drill tested how long it took to move equipment and personnel
to the site of the spill, as well as deploy them. For on-water activities, the response team brought in a vessel of
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opportunity (a pre-identified local commercial vessel with a crew trained and equipped to assist in oil spill
response) from Nome. The response drill revealed vulnerabilities in the team’s ability to respond to a spill event
and will lead to a stronger response plan in future. For more information, contact: the Alaska Department of
Environmental Conservation (ADEC) Division of Spill Prevention and Response, U.S. Coast Guard (USCG) Sector
Anchorage Contingency Planning, or Environmental Protection Agency (EPA) Region 10 Emergency Response.
The Federal Emergency Management Agency (FEMA) offers free online courses to learn about the Incident
Command System (ICS).

Tool: Alaska Fire Service Wildland Fire Training
The Alaska Fire Service Training Center manages and provides oversight for the BLM fire training and
human resource development programs by identifying and developing fire training courses, publishing the
Alaska Fireline Notebook (Handy Dandy), training fire instructors, and coordinating statewide and national use
of instructors.

Tool: Alaska Partnership for Infrastructure Protection
The Alaska Partnership for Infrastructure Protection, or APIP, works to integrate the private and
public sector critical infrastructure owners into the municipal, state, and federal emergency framework,
participating in all stages of the disaster cycle, from preparedness and mitigation through to response and
recovery.
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Toolbox 2: The Building
Blocks of Climate Change
The second toolbox provides an entry way into the immense and continually growing collection of information
about climate change in Alaska. The intent of this toolbox is to help communities, resource managers and
decision makers wade through the mountain of information to find a summary, an accessible, ‘curated’ overview
of the factors driving climate change and the impacts of those changes in Alaska. The topics covered are listed
below:
















Introduction to Toolbox 1: Climate Change Building Blocks
Big Picture: A Global Challenge
Big Picture: Climate Change in Alaska
Dealing with Uncertainty: Forecasts and Modeling
Disappearing Sea Ice
A Warmer, Different Ocean
Ocean Acidification: A Bad Time to be a Pteropod
Sea Level Rise/Coastal Inundation: Not a Simple Story
Coastal Erosion and Flooding: Bring your Boots!
Harmful Algal Blooms
Changes to Alaska’s Fresh Water Landscapes
Changes in Habitats at the Coastal Edge
Thawing Permafrost is Reshaping the Arctic Landscape
Understanding Bering Sea Marine ecosystems
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Overview Info Sources: A Good Place to Start
Four particularly helpful overview information sources.
National Climate Assessment, 2014. U.S. Global Change Research
Program
A website and report that provides a broad accessible overview of
climate change in the U.S. and Alaska, specific information, and access to
detailed information on specific topics.
http://nca2014.globalchange.gov/report/regions/alaska
Climate Change in the Bering Strait Region - Observations and
Lessons from Seven Communities, 2015
Voices and images from the region; prepared by a team led by Mike
Brubaker of the Alaska Native Tribal Health Consortium (ANTHC).
https://westernalaskalcc.org/projects/Lists/Project%20Products
/Attachments/118/Climate-Change-and-Health-Effects-in-Bering-StraitsRegion3-2015.pdf
Alaska Ocean Observation System (AOOS)
The “eye on Alaska’s coasts and oceans,” AOOS is a network of critical ocean
and coastal observations, data and information products.
http://www.aoos.org/
Bering Sea Project ‘Magazine’
An 85-page summary of an ambitious, multi-year, ecosystem-scale marine
research program, powered by more than 100 scientists and engaging local
Bering Sea communities, sponsored by the National Science Foundation and
the North Pacific Research Board.
http://www.nprb.org/bering-sea-project
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Big Picture: A Global
Challenge
Alaska is Far from Alone in Facing Dramatic
Climate Change Impacts
Sea level rise, ocean acidification,
harmful algal blooms, shifting
habitats, erosion and flooding,
invasive species….
Alaska is far from alone in facing dramatic climate change
impacts. With rare exceptions, the entire world has shifted
from doubting to accepting the realities of climate change.
From remote Indian Ocean islands, to the world’s largest
cities, to ski areas and insurance companies, people,
governments and businesses are now focused on predicting
the impacts of climate change, and developing practical
response strategies. Two examples follow:
Malé in the Maldives (at right, from National Geographic)

Malé, Maldives in the Indian Ocean – A walled city
warily watches ocean waters rise.

The island of Malé, capital of the Maldives Islands in the
Indian Ocean, is at ground zero in Earth's sea level rise

Areas in yellow show 8” of

dilemma. With a maximum elevation of only eight feet above

sea level rise coupled with

sea level, even a modest increase in ocean heights would

hundred-year flood.

submerge a majority of its territory. To combat the threat, the
government erected a seawall around the entire island.
Sea Level Rise Planning Tool New York City (FEMA/NOAA
map illustrating projected flood risk in the 2050’s)
In cities around the world, sea level rise and storm surges put
billions of dollars of infrastructure and millions of lives at risk.
Historical maps of the boundaries “100-year flood” are
increasingly out-of-date, as ocean waters rise and storm
frequency and intensity grows.

New York City – Recently Identified Flood Risks
https://www.arcgis.com/home/webmap/viewer.htm
l?webmap=bc90ddc4984a45538c1de5b4ddf91381
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Impacts in Alaska?
Climate change creates a daunting two-part challenge in
Alaska. The pace and consequences of climate change
are greater in Alaska and the Arctic that at lower
latitudes. At the same time, the concentration of people
and political power in lower latitudes will make it difficult
for sparsely populated Alaska to secure needed funding
for science, emergency preparedness planning, and
implementing adaptation strategies. As one person said,
referring to the funding challenges facing Alaska: “New
York, New Orleans, New Jersey…. Newtok?”

Greenhouse Gases: Drivers of
Global Climate Change

Melting Sea Ice on the Alaskan coast
https://www.yabberz.com/post/new/85689521/?highlight=
85689521

We’ve all heard horror stories about kids or dogs left inside cars on a sunny day. The glass in car windows
allows short wave sun rays to pass through but holds in the re-radiated longer wave radiation. This same
phenomenon drives global climate change: high energy short wave solar radiation comes in, and CO 2 and other
greenhouse gases, just like the car windows, hold in longer-wave, re-radiated heat.

Image source (left): http://www.thelakewoodscoop.com/news/2010/06/hot-cars-perilous-for-children-pets-in-summer.html
Image source (right): http://climatechange.lta.org/get-started/learn/co2-methane-greenhouse-effect/

Three Global Climate Change Facts
1.

Carbon dioxide in the atmosphere is higher than any time in the last 650,000 years, with a dramatic
growth spike in in the last 200 years (table at left, below).

2.

Average global temperatures rise and fall with changes in greenhouse gases in the atmosphere. Using
small bubbles of air trapped in ancient ice cores, researchers have learned that for the last million
years, when atmospheric CO2 concentrations grow, the earth gets hotter; when levels fall, the earth
cools (middle table, below).

3.

Recent increases in greenhouse gases are driven by human activities, in particular burning fossil fuels,
the outcomes of cattle digestion (figure at right, below).
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Image source (left): https://www.climatecommunication.org/climate/heat-trapping-gases/
Image source (center): http://www.climatecentral.org/gallery/graphics/co2-and-rising-global-temperatures
Image source (right): https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions

Want More Global and National Climate Change
Information?
NASA website
Contains clear, simple graphics and animated time-series data on global
temperatures, carbon dioxide, sea and land ice, and sea levels.
https://climate.nasa.gov/evidence/
PBS Digital Studios, It’s Okay to Be Smart
Includes two excellent videos on Climate Science:



What You Need to Know.
https://www.youtube.com/watch?v=ffjIyms1BX4



Why People Don't Believe in Climate Science.
https://www.youtube.com/watch?v=y2euBvdP28c

Annual reports by the IPCC
The Intergovernmental Panel on Climate Change. http://www.ipcc.ch/
Climate Change Impacts in the United States, The Third National
Climate Change Assessment, 2014
Published by the National Climate Assessment and Development Advisory
Committee, this document, which was produced by a team of more than
300 experts, provides information on current and projected climate change
impacts across the country, including recommended responses.
http://www.globalchange.gov/node/2939
Arctic Matters, The Global Connection to Changes in the Arctic
Written by the National Research Council, this is a high-quality, factual, illustrated overview of climate change
impacts in the Arctic. http://www.nap.edu/catalog/21717/arctic-matters-the-global-connection-to-changes-inthe-arctic
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Big Picture: Climate Change
in Alaska
“For us, it’s like someone moved the subsistence calendar by a month and nobody told us. We wonder what it must be
like for the animals, plants and fish.” – Nome LCC Workshop Participant
Climate change is happening fastest at the earth’s higher latitudes, steadily turning Alaska into a new, warmer
place. These changes are particularly powerful in northern and western Alaska, where temperatures are
shifting from mostly below to often above freezing. This ‘phase change’ transforms places historically
dominated by snow, sea ice, and permafrost into to a melting world of open oceans and rain, where even the
seemingly solid ground beneath your feet begins to melt.

Phase Change: Welcome to a New World


From 1970–2015, northwestern Alaska warmed 2.5
times faster than the global average: a predicted
increase of 7.3° Fahrenheit (F) per century,
compared to an increase of 3.0° F per century for
the planet as a whole.



Future average regional temperatures are likely to
increase by 7° F by the 2040s and by 13° F by the
2080s.



These changes are enormous: they are equal to or
greater than the magnitude of change from the ice
ages to our current climate.



The Bottom Line: These changes mean a transition
from an environment with average temperature of
10°F below freezing, with no trees, where humans
and wildlife rely on predictable sea ice, to one
where the average annual temperature is above
freezing, trees can grow, and sea ice in spring and

Image courtesy of Jeremy Littell, AK Climate Science
Center, based on UAF SNAP (Scenarios Network for
Alaska/Arctic Planning) data.

fall is rare, if it exists at all.

Impacts in Alaska?
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Sea ice is becoming thinner and is present for less of the year.



Precipitation patterns are changing; lower elevations receive less snow and more rain.



Rivers are warming, banks are eroding and flows changing, affecting travel for people and fish.



Permafrost is thawing and disrupting roads, buildings, and infrastructure.
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Growing seasons are expanding and changing the distribution of plants, fish, birds and other animals;
this phenomenon is also bringing lower-latitude problems like ticks to Alaska.



The ocean is warming and acidifying, changing the food chain that supports much of Alaska’s marine
and terrestrial life.

All of these trends are projected to increase.

Mean Annual Temperature Departure for Alaska, 1949 - 2015.
Years warmer than average are shown in red; years below the average are shown in blue.

Alaska Climate Research Center, University of Alaska Fairbanks Geophysical Institute

What is the Difference Between Climate and
Weather? What Drives Changes in Climate?
Weather is the hour-to-hour, day-to-day state of what is
happening in the atmosphere, including temperature, humidity,
precipitation, cloudiness and other factors. Climate is how the
atmosphere behaves over long periods of time; it is essentially a
set of weather averages for a particular region. Therefore, climate
change is a discussion of changes in long-term weather averages.
The earth has seen wide variations in climate over its five-billionyear history. What is unique about the current situation is the
rapidity of change and the clear link between changes and human
activities. Carbon and other human-generated greenhouse gases
in the atmosphere are widely accepted to be the largest drivers of

The impacts of climate change are complex:
Above, an anomalous, persistent, large area of
very warm ocean water off the U.S. West Coast
is now linked to recent winters that brought
extreme heat and drought to the West, and
record snow and cold to much of the East.

current climate change. Other background factors include volcanic
eruptions and semi-regular changes in ocean systems such as Pacific Decadal Oscillation, El Niño and La Niña.
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The graph below, based on the comparison of atmospheric samples contained in ice cores and more recent
direct measurements, provides evidence that atmospheric CO 2 has increased since the Industrial Revolution.

Vostok ice core data, J.R. Petit et al. NOAA Mauna Loa CO 2 record. https://climate.nasa.gov/evidence/

“Scientific evidence for warming of the climate system is unequivocal.”
- Intergovernmental Panel on Climate Change

Want More Big Picture Alaska Climate/Weather
Information?
Alaska Sea Grant Program
“Coastal Alaska is changing before our eyes. Some changes
are dramatic, others subtle; some are rapid and others
gradual; but there is no question that our coasts and our
marine-dependent communities are undergoing profound
change, much of it related to temperature, weather, and
climate.” https://seagrant.uaf.edu/map/climate/
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Ongoing Climate Change in the Arctic
John E. Walsh, et al. provide a helpful, technical evaluation of
changes and change drivers. The figure at right shows trends in
Arctic temperatures, Celsius from 1875 to 2015.
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3357778/
https://westernalaskalcc.org/science/Science%20Workshop%
20Materials/Plenary%20Presentations/3-Walsh.pdf is a helpful
PowerPoint on the same subject.
Understanding Alaska's Climate Variation
John Papineau, Ph.D. of the National Oceanic and Atmospheric Administration (NOAA), National Weather
Service in Anchorage, Alaska provides a simple, clear explanations of this very complex subject.
https://anhonestclimatedebate.wordpress.com/2009/03/27/understanding-alaska%E2%80%99s-climatevariation/
“The climate of Alaska (i.e., long-term weather patterns) is a product of a number of different external and internal
'forcings.' Climate varies over time as these forcings change (often small changes). The primary external forcings are:
solar output, atmospheric gases (volcanic eruptions, CO2), the temperature of the water in the Pacific Ocean, as well
as the strengthening or weakening of ocean currents.”
Arctic Newswire:
“Scientists: Climate change is behind Arctic's 'startling' winter warmth.”
http://www.adn.com/article/20160317/scientists-climate-change-behind-arctics-startling-winter-warmth
The Science of Climate Change in the Arctic and its Impacts.
John Holdren (2015) provides a helpful summary PowerPoint, “How, Impacts, What’s Next?”
https://www.whitehouse.gov/sites/default/files/microsites/ostp/the_science_of_climate_change_arctic_vulnerabi
lities_and_global_impacts_rev1.pdf

You Are Here

The areas of darker red are the areas with greatest change.
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Dealing with Uncertainty:
Forecasts and Modeling
“Prediction is very difficult, especially about the future” – Niels Bohr/Yogi Berra
Climate change projections are wickedly, notoriously complex, requiring assumptions about dozens of
interrelated variables. Some variables drive self-reinforcing feedback loops, such as when sea ice melts, and
sunlight heats the dark-colored ocean, instead of bouncing off reflective ice. The projections referenced in this
toolbox build from assumptions about these complex systems, with all the uncertainty that implies. This section
provides initial background on this topic.
Among the most important and difficult-to-project variables, is the future emission of climate-changing
greenhouse gases. The primary global climate change models, downscaled to project changes in Alaska, are
classified based on assumptions (labeled B1, A1T, etc. in the following table) about what humans will or will not
do to reduce greenhouse gas emissions.
A few points to keep in mind when thinking about or reviewing the results of climate change modeling:
Projections about the future rate and consequences of climate change fall across a spectrum:



highly likely

probably

maybe

Results are only as good as the inputs. On many topics, Alaska lacks the detailed base information needed



for more accurate and helpful climate change forecasts.
Typically, we are more confident (less uncertain) about projections for climate patterns closest to today,



and least certain for projections 100 years from now.
“There are known knowns. These are things we know that we know. There are known unknowns. That is to say, there
are things that we know we don't know. But there are also unknown unknowns. There are things we don't know we
don't know.” – Donald Rumsfeld

Impacts in Alaska?
The complexity involved in the details of future conditions can reduce our willingness to accept the certainty of
bigger-picture realities. As this quote explains, “Simulating the global ecosystem is complex, potentially
involving infinite variables that describe and relate nature's chemical, physical, and biological processes. The
resulting range of possible climate scenarios has led to public confusion about the validity of climate prediction
– and more urgently, to delays in appropriate action.”
http://thebulletin.org/uncertainty-climate-modeling
While researchers may differ on the rate of change and variations in specific variables, there is virtually no
debate in the scientific community about the link between greenhouse gas emissions and a warming planet,
nor the magnitude of the impacts of that temperature change on the planet and the life it supports.
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Alternative projections of the rate of global warming, considering different assumptions about changes in
emissions of climate changing greenhouse gases.

Intergovernmental Panel on Climate Change 2007 – graphic above and two extracts below
http://www.ipcc.ch/publications_and_data/ar4/wg1/en/spmsspm-projections-of.html

“For the next two decades, a warming of about 0.2°C per decade is projected for a range of SRES emission
scenarios. Even if the concentrations of all greenhouse gases and aerosols had been kept constant at year 2000
levels, a further warming of about 0.1°C per decade would be expected. {10.3, 10.7}
“Continued greenhouse gas emissions at or above current rates would cause further warming and induce many
changes in the global climate system during the 21st century that would very likely be larger than those
observed during the 20th century. {10.3}

“Tampering can be dangerous. Nature can be vengeful. We should have a great deal of respect for the planet on which
we live.” – meteorologist Carl Gustav Rossby, the ‘Father’ of Ocean Warming, 1956.
https://portals.iucn.org/library/sites/library/files/documents/2016-046_0.pdf
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Want More Information About Predictive Models and
Uncertainty?
Alaska Community Predictions
The Scenarios Network for Alaska and Arctic
Planning (SNAP) produces temperature and

Historic and Projected Average Monthly Temperature
for Nome, Alaska, 1961-2099

precipitation projections for Alaska communities.
www.snap.uaf.edu
Projected impacts of climate change on Arctic
marine ecosystems: a summary of key findings
from the IPCC 5th Assessment Report.
This slide show from September 2014 highlights:


Increased ocean temperatures;



Increased stratification of the Arctic
Ocean and the southeast Bering Sea in
summer;



Reduced sea ice in summer;



Reduced cold pool extent in the Bering

Image courtesy of the Scenarios Network for Alaska and Arctic Planning (SNAP)

Sea;


Changes in biochemical properties (including ocean acidification); and



Changes in the size, distribution and abundance of selected phytoplankton and zooplankton.

IPCC 5th Assessment Report: https://www.ipcc.ch/report/ar5/
Summary slide show: https://www.slideshare.net/ICES_ASC/projected-impacts-of-climate-change-on-arcticmarine-ecosystems
The Most Terrifying Video You'll Ever See
The video below answers the question, “What’s the worst that could happen….?”
https://www.youtube.com/watch?v=zORv8wwiadQ
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Disappearing Sea Ice
“Sea ice has become the canary in the coal mine of global climate change.”
The news is sobering. Arctic summer sea ice is receding faster than
previously projected and is expected to virtually disappear before
mid-century. Sea ice in the Arctic has decreased dramatically since the
late 1970s, particularly in summer and autumn. Ice thickness
decreased by more than 50 percent from 1958-1976 to 2003-2008,
and the percentage of the March ice cover made up of thicker ice (ice
that has survived a summer melt season) decreased from 75 percent
in the mid-1980s to 45 percent in 2011. Ice loss increases Arctic
warming by replacing white, reflective ice with dark water that absorbs
more energy from the sun. The result drives further warming and
more ice melt, as shown in this time lapse video story of sea ice melt
https://climate.nasa.gov/vital-signs/arctic-sea-ice/.

Impacts in Alaska?

http://nca2014.globalchange.gov/report#
section-1946

Dramatic reductions in sea ice are transforming
everything from the impacts of storms, to
access to subsistence resources and the fate of
walrus and other ice dependent species. Sea ice
is a powerful driver of ocean ecosystems and
coastal environments, and an element
particularly vulnerable to climate change. The
impact of changes in sea ice ripple through the
entire marine ecosystem, as well as opening
the area to greater ship access and increasing
coastal erosion.

Sea Ice Drives the ‘Global Ocean Conveyor Belt’
“The ocean is salty, and when sea ice forms, much of the salt is pushed into the
ocean water below the ice, although some salt may become trapped in small
pockets between ice crystals. Water below sea ice has a higher concentration of
salt and is denser than the surrounding ocean water, so it sinks and moves from
the surface. In this way, sea ice contributes to the circulation of the global ocean
conveyor belt. Cold, dense polar water descends from the surface and circulates
along the ocean bottom toward the equator, while warm water from mid-depth to
the surface travels from the equator toward the poles.”
https://oceanservice.noaa.gov/facts/sea-ice-climate.html
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Sea Ice Drives Northern
Latitude Marine Ecosystems
Changes in sea ice alone are having profound
effects on sea surface temperatures and on the
totality of the marine ecosystem. The underside
of sea ice supports large colonies of algae. When
the ice melts in the spring, algae falls into the
water column, providing nutrients that drive
primary production of phytoplankton and
zooplankton, the food that in turn supports fish,
seals, whales and walruses.

Want to Learn More About Sea Ice?
National Climate Assessment – Alaska Region
Walrus depend on sea ice as a platform for giving birth, nursing, and
resting between dives to the seafloor, where they feed. In recent years,
when summer sea ice in the Chukchi Sea retreated over waters that were
too deep for walrus to feed, large numbers of walrus abandoned the ice
and came ashore. The high concentration of animals results in increased
competition for food and can lead to stampedes when animals are
startled, resulting in trampling of calves.
http://tinyurl.com/hvobgz8

Arctic Report Card – Update for 2015
NOAA’s annual Arctic Report Card covers
subjects from temperatures and vegetation
changes to ocean productivity. The chart at right
shows changes in the thickness of arctic sea ice
between 1985 and 2015. As the chart reveals,
the percentage of more durable multiyear ice has

Image: from NOAA Arctic Report Card 2015

steadily declined.
http://www.arctic.noaa.gov/reportcard

Changes in Arctic sea ice over the past 50
years: Bridging the knowledge gap
between the scientific community and the
Alaska Native community
This workshop, held in Girdwood in 2000,
brought together scientists and indigenous
experts to talk about how to improve the
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connections between scientific research and
indigenous knowledge:
http://tinyurl.com/zhdkmnc. Key findings, still
relevant today, are listed below:


There are significant disconnects
among scientific disciplines. More
attention is needed to the species that
affect people directly.



Policy makers give too little attention
to environmental change.



Better information is needed about
specific regional scenarios for changes
in sea ice, especially for helping to
identify potential impacts to
communities.



More systematic use should be made
of the expertise that Alaska Natives
have in observing the environment,
extending back many decades in
personal memory and farther in what
has been handed down from past
generations.



Subsistence hunting, fishing, and
gathering are vital and irreplaceable
activities for Alaska Native
communities, but it is difficult or

400 Predictions: The SEARCH Sea Ice Outlook 2008-2015: J. Stroeve and
L.C. Hamilton

impossible to express their full
significance.
Impact of Climate Change on Alaska Native Communities - Alaska
Native Science Commission
http://www.nativescience.org/ and http://www.nativeknowledge.org

27 Years of Arctic of Sea Ice Melt – Slate on-line magazine video
“Sea ice has become the canary in the coal mine of global climate
change.” http://tinyurl.com/zqake6v

Other Websites with Good Information about Changing Sea Ice





http://www.nprb.org/bering-sea-project/explore-the-science
http://www3.epa.gov/climatechange/impacts/alaska.html

Photo courtesy of Climate Change in the Bering
Strait Region: Observations and Lessons from
Seven Communities (2015, Brubaker et. Al.
Alaska Native Tribal Health Consortium)

http://www.nativescience.org/pubs/Impact%20of%20Climate%20Change%20on%20Alaska%20Native%
20Communities.pdf
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A Warmer, Different Ocean
“Ocean warming may well turn out to be the greatest hidden challenge of our generation.” – Explaining Ocean
Warming, ICUN 2016
The world’s oceans are getting warmer. The recent increase of ocean temperatures is the greatest that has
occurred in the past 1,000 years, and the ocean off the coasts of Alaska has warmed far more rapidly than
other areas.

Impacts in Alaska?
Warming of the upper ocean is reducing its
biological productivity, affecting the food web
and resulting in changes in fisheries and
other important human activities dependent
on ocean productivity (adapted from Chavez
et al. 2011). These changes have allowed
some near-surface fish species, such as
salmon, to expand their range northward
along the Alaskan coast (Moore and
Huntington 2008, Grebmeier et al. 2010,
Grebmeier 2012). The potential for a
northward shift of sockeye salmon, which
reproduce in Bristol Bay’s collection of
freshwater lakes, is less clear. In addition,
non-native species are coming into Alaskan
waters more rapidly, primarily through the
release of ship ballast waters (Ruiz et al. 2000,
2006, Markon et al. 2012). These newly
arriving species may affect marine
ecosystems, including the feeding
relationships of commercially important fish.
Models project that continued ocean
warming will reduce the abundance of
pollock, the most commercially valuable fish
stock in the Bering Sea, by 32 to 58 percent

Ocean Depths and Currents (brighter reds are shallower
than blues)

(Mueter et al. 2011) and reduce the health of
juvenile sockeye salmon, potentially resulting in decreased overwinter survival (Farley et al. 2005).
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The Importance of Being
Warm or Cold
“If ocean warming continues, it is unlikely that current fishing levels on
pollock can be sustained.” – Hunt et al. (2011)
“Over the next several decades, climate models predict that the
southern Bering Sea will more frequently experience warm years
with reduced sea ice. This fits with an overall prediction for a
warmer planet, resulting from increased concentrations of
greenhouse gases. In the warmer southern waters, scientists
observed a sharp decrease in the availability of key prey for young
of-the-year pollock, including krill and large copepods. The reduced
numbers of these prey limited the survival of fish during their first
winter, and multiple consecutive warm years ultimately resulted in
low recruitment to adult pollock populations.”

How Are Other Ocean
Characteristics Changing?

https://www.nprb.org/assets/uploads/files/BSIERP/BSIE
RP_Bering_Sea_Magazine.pdf

text at left and graphic above

…Changes in Ocean Salinity?
Recent data show that Alaska’s ocean waters are getting less salty due to increased rainfall instead of snow in
some regions, melting glaciers and sea ice, and changes in freshwater input from rivers. Freshwater is less
dense and will tend to float over salty water. As researchers have pointed out, Ice and salinity is a zero-sum
game. Melting ice freshens the surface, but freezing makes the deeper water saltier. Changes in salinity, in
particular a layer of fresh water at the mouth of streams, may delay or otherwise alter the normal passage of
salmon from ocean into streams.

…Changes in Ocean Currents?
Sea surface salinity and sea surface temperature, which together determine seawater density, can influence
ocean circulation, although local winds and large-scale atmospheric patterns are the primary drivers of
currents. When changes occur in temperature or salinity, the currents are affected. Changing currents may
transport eggs or young fish into regions of better or poorer rearing conditions. Likewise, planktonic or small
free-swimming prey may be swept to, or from, the reach of rearing fish.

… Changes in Storm Intensity?
A number of researchers have investigated trends in storm intensity in the Bering Sea. While there is no doubt
that increasing open water, due to declining sea ice, is creating waves with greater intensity and frequency, it is
less clear that storm intensity has increased. According to Rick Thoman, Climate Science and Services Manager,
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Environmental and Scientific Services Division, National
Weather Service, Alaska Region, “Multiple lines of
investigation suggest that there has been no
statistically-significant change in autumn Bering Sea
storminess or intensity, at least since the mid-20th
century.” In contrast, local observers believe storms
and winds are changing; in particular, they have
noticed more regular and intense fall storms. In the
future, researchers and their models are showing
increasing frequencies of extreme storms and related
winds.

Want More Information
About Ocean Conditions?

Figure from “The Science of Climate Change in the Arctic
and its Impacts” John Holdren 2015

Explaining Ocean Warming: Causes, Scale, Effects and Consequences
This is a passionate, collaborative look at how climate change is, and will, impact global ocean resources.
https://portals.iucn.org/library/sites/library/files/documents/2016-046_0.pdf
NASA video of satellite observing ocean salinity and climate change
http://cleanet.org/resources/42842.html
“Observed storminess patterns and trends in the Circum-Arctic coastal regime” and “Hindcast Storm
Events in the Bering Sea for the St. Lawrence Island and Unalakleet Regions”
David E. Atkinson provides two interesting technical reports on storm intensity.
https://pubs.usgs.gov/of/2015/1193/ofr20151193.pdf
International Fund for Animal Welfare
This site provides simple texts describing changes driven by climate change, including thermal expansion.
Warmer ocean temperatures are a major factor in rising sea levels. Global sea levels are rising as the result of
thermal expansion from warming sea water and melting land-based ice, each contributing about half of the sea
level rise since 2003. Cold water absorbs more carbon dioxide.
(http://www.ifaw.org/sites/default/files/education-publications/us/us-aae-climate-change-series-unit1-marineenvironment.pdf)

Everyone Can Do Something!
Jump to pages 37-44 to learn about some currently available tools and strategies for
addressing the impacts of coastal erosion and impacts on infrastructure. Page 13
suggests ways to get involved in climate change issues.
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Ocean Acidification: A Bad
Time to be a Pteropod7
“The intensity, duration, and extent of low-pH events are increasing in one of the most productive and diverse
ecosystems on earth.” – Jeremy T. Mathis, Supervisor of Oceanography at NOAA Pacific Marine Environmental
Laboratory.8 (Your high school chemistry teacher reminds you that “low pH means more acidic.”)
Since the pre-industrial era, human activities have
increased atmospheric carbon dioxide (CO2)
concentrations by about 40 percent, to values now
greater than 400 parts per million (ppm). During this
rapid loading of the atmosphere, the ocean has
absorbed more than 25 percent of the two trillion tons
of emitted anthropogenic (human-caused) CO2, helping
to offset atmospheric warming, but fundamentally
changing ocean chemistry. The uptake of CO2 triggers a
series of well-understood reactions in the surface ocean
called ocean acidification (OA) that has already made
the ocean 30 percent more acidic than it was in preindustrial times, as shown in the Ocean Acidification
graphic below. During this process, biologically
important carbonate minerals are diminished, which
makes it more difficult for organisms like mollusks to
create and maintain their shells, especially during early

“Bethnic grab” – photo from the bottom of the Bering Sea
showing the rich mix of organisms that support walrus,
eiders and other creatures. Many of the creatures in this
sea-bottom banquet are harmed by ocean acidification

life stages.
In the Chukchi and Bering Seas, waters
that are potentially corrosive to carbonate
shells occur seasonally near the bottom
due to the combination of natural
respiration of large quantities of organic
matter transported from the surface and
the intrusion of anthropogenic CO2 from
the atmosphere.

7

Pteropods, from the Greek meaning "wing-foot") are specialized free-swimming pelagic sea snails and sea slugs

8

https://www.arcus.org/witness-the-arctic/2014/1/article/20438
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Impacts in Alaska?
The intensity, duration, and extent of low-pH events are increasing in one
of the most productive and diverse ecosystems on Earth. The exact pace
and extent of these changes is not known, but odds are strong that OA
will profoundly change and damage marine food webs and the health
and abundance of subsistence, commercial and sport marine species.
While there have been few comprehensive studies, OA appears to act
more strongly on certain species. Lower pH environments can
fundamentally alter ecosystem composition toward dominance by noncalcifying organisms. Mollusks, such as oysters and clams, appear to be
the calcifying group most negatively affected by OA. However,
crustaceans such as the red king crab and tanner crab species exhibit
negative responses that included slower growth and lower survival rates
when they are exposed to high-CO2, lower-pH water.

Salmon food: Pteropod, Limacina
helicina. Photo courtesy Russ Hopcroft.,
and a creature at risk from ocean
acidification

Want More Information About Ocean Acidification?
Ocean Acidification's impact on oysters and other shellfish
The world's oceans are absorbing carbon dioxide at an unprecedented rate, and the resulting acidification is
transforming marine ecosystems. Hari Sreenivasan, of PBS NewsHour, reports how ocean acidification is
already affecting oysters and other shellfish in the U.S. and around the world in this video.
http://www.pmel.noaa.gov/co2/story/Ocean+Acidification's+impact+on+oysters+and+other+shellfish
Alaska Ocean Observing System - Ocean Acidification in
the Arctic (3.28.12 Crosner)
Alaska’s waters are especially susceptible to OA because of
their unique circulation patterns and colder temperatures; cold
water can absorb more CO2 than warm water. A better
understanding of how the ocean absorbs CO2 and other gases
will help scientists and managers prepare Alaskans for
potential impacts to fisheries and livelihoods. To that end,
AOOS is committed to working with a coalition of partners to
fund, deploy and maintain buoys and moorings that monitor
ocean pH. http://www.aoos.org/ocean-acidification-arctic/
Arctic Matters: The Global Connection to Changes in the
Arctic
This publication includes a chapter on ocean acidification.
http://www.nap.edu/catalog/21717/arctic-matters-the-globalconnection-to-changes-in-the-arctic
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AOOS: AO Consequences in the Arctic
Bering Sea crab, pollock and halibut fisheries may
suffer from the potential loss of prey as calcifying
organisms disappear. While there are currently no
commercial fisheries in the Arctic Ocean, the region
will likely serve as a bellwether for future OA
conditions further to the south, and can provide
valuable insights into the future of the Bering Sea and
Gulf of Alaska.
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Alaska Sea Grant Program: Ocean Acidification - What It Means to Alaskans and How We Can Adapt
What can we do to adapt?




Support increased research into ocean acidification, its causes and potential responses.
Stay current on research results and news, especially observations in Alaska and other high-latitude
waters.
Review your commercial fishing business plan and look for ways to
minimize the impacts that changes in species abundance would
have on your operation. Options might include diversification of
fishing/aquaculture operations or learning new skills to diversify
income such as non-fishing/non-aquaculture business or
employment.

https://seagrant.uaf.edu/map/climate/docs/ocean-acidification.php
Alaska’s Climate Change Strategy: Addressing Impacts in Alaska
Final Report Submitted by the Adaptation Advisory Group to the Alaska
Climate Change Sub-Cabinet January 2010.
“Ocean acidification, occurring as a result of increasing concentrations of
CO2 in the atmosphere, is considered to be the greatest threat to living
marine resources and those who rely on them. The world’s largest bodies
of water are effective absorbers of both CO2 and excess heat associated
with climate change (Sabine et al. 2004). While this has a mitigating effect on the changes to climate, absorption
of CO2 is making the oceans more acidic, posing grave danger to all marine life with calcifying shells. This
includes marine plants and zooplankton, the basis of the food chain (Feely 2006).”
http://climatechange.alaska.gov/aag/docs/aag_all_rpt_27jan10.pdf
The AO Story in Images and Animations (video)
http://www.davidiad.com/images/oceanacid/oceanacid_b.jpg
http://iprc.soest.hawaii.edu/users/tobiasf/Outreach/OA/Ocean_Acidification_Movie_PopUp.html
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Alaska: Ocean Acidification Sensitivity Index
This index includes population, diversity of economy (or reliance on seafood for commercial export and local
subsistence), and indicators of low adaptive capacity (access to secondary education or income). The
southwestern coast of Alaska has some of the highest hazard scores compared with other parts of the state
that have more diverse economies and lower exposure to the impacts.
http://www.iser.uaa.alaska.edu/Publications/2014-ProgressInOceanography.pdf

Healthy pteropod – without OA
Unhealthy pteropod – after OA
NOAA – Ocean Acidification Impacts Tiny sea snails called pteropods are one example of an Arctic marine species at risk from
ocean acidification. Pteropods swim near the ocean surface and provide food for a variety of fish. Pterpods area a primary food of
Pink Salmon. Healthy pteropods have smooth, transparent shells (left). In lower pH conditions, pteropod shells can start to dissolve
and appear cloudy, ragged, and pockmarked (right).
http://www.nap.edu/catalog/21717/arctic-matters-the-global-connection-to-changes-in-the-arctic

Everyone Can Do Something!
Jump to pages 25-31 to learn about some currently available tools and strategies for better
understanding natural systems and ways to track and quantify change. Page 13 suggests
ways to get involved in climate change issues.
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Sea Level Rise/Coastal
Inundation: Not a Simple
Story
“Sea level rise and coastal inundation – we need the data!” – Common LCC Workshop Theme
To identify inundation risk, one needs to know current elevations of land and sea, and how both are expected
to change. Unlike coastal areas in the Lower 48, where this information is available in great detail, information
for Alaska’s 50,000 kilometers of coastline is sparse, low resolution and/or out of date. Much better information
is sorely needed if communities and land and resource managers can anticipate and plan for changes.

Impacts in Alaska?
While details of the magnitudes and impacts
of sea level rise are missing, as Bob Dylan
famously said, “you don’t need a weatherman
to know which way the wind blows.” It is clear
that global sea levels are rising. With large
stretches of low lying coastline, Alaska is
destined to experience profound impacts
from rising ocean waters.

Four Factors: A Start
at Mapping Local
Coastline Changes
The following four topics describe some of
what is known about projected inundation,
and outline data needed to better understand
future inundation. This information is
preliminary, but provides a starting picture of
the coastal areas likely to be most at-risk.

Preliminary mapping of areas most vulnerable to sea level rise.
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1. Changes in Sea Level Elevations
The world’s oceans do not behave like a bathtub: ‘sea level’ varies from place to place. Projecting sea level rise
must account for both global and local changes. Projecting global changes requires projecting temperature
increases and also the pace and scale of melting of ice sheets, particularly in Greenland and Antarctica. Current
projections of average sea level rise world-wide range from half a meter to two meters by the end of this
century. Local sea level is affected by local patterns of currents and fresh water runoff, water temperature
(about one-third of projected sea level rise is caused by warming water), and even changes in gravitational
effects tied to changes in local topography. Data needed: Comprehensive data are needed on the current local
sea level plus detailed modeling of expected local sea level rise.

2. Starting Land Elevations:
Low-lying Areas
Land elevations relative to sea level are critical for predicting the
impacts of sea level rise. The map above uses topographic data of
limited accuracy to show the lowest-lying coastal areas. Data
needed: Current, comprehensive, high-resolution topographic
data are needed, including digital elevation models.

Flooding in Golovin. Image courtesy of Steve Ivanoff,
Kawerak, Inc., 2009 GAO report.

3. Changing Land and Seafloor Elevations:
Uplift and Subsidence
Where land is subsiding, the impact of sea level rise is intensified;
where land is rising the impact is muted. The preliminary map at left
shows a general pattern of subsidence in the majority of
western/Arctic Alaska. Data needed: Accurate measurements and
projections are needed of land areas that are subsiding and those that
are rising due to tectonic lift and/or post-glacier-melt rebound. Equally
important is nearshore bathymetry data that is seamlessly stitched to
land elevation

4. Thawing Permafrost
Thawing permafrost can lead to subsiding land; areas with higher
percentages of water ice are prone to more subsidence. The red
areas on the coarse, statewide map at left are areas with 40 percent
to as much as 80 percent water ice. Large portions of these areas are
also at low elevations. Data needed: Better data are needed on
permafrost locations, water content (ground ice), and on the
dynamics of permafrost thaw.
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A final word… Projecting climate change is enormously difficult. It is worth noting, however, that over the last
30 years, the actual increases in sea level rise and decreases in sea ice have generally exceeded those predicted
by the Intergovernmental Panel on Climate Change (the IPCC) and other respected scientific research groups.

Want More Information About Sea Level Rise and Coastal
Inundation?
This video illustrates the dynamics of sea level rise and
coastal inundation:
https://www.youtube.com/watch?v=q65O3qA0-n4
NOAA’s Sea Level Rise Viewer
NOAA’s Sea Level Rise Viewer provides a helpful tool,
although with less data for Alaska:
https://coast.noaa.gov/digitalcoast/tools/slr
also information from NOAA on Alaska-specific trends:
https://tidesandcurrents.noaa.gov/sltrends/sltrends.html
"Snow, Water, Ice, Permafrost in the Arctic" report (2017):
New sea level rise estimates. http://www.amap.no/swipa

Altimetry trends – the magnitude of ocean bulges outward and inward that mimic the topography of
the ocean floor
http://sealevel.colorado.edu/content/regional-sea-level-time-series
https://data.noaa.gov/dataset/noaa-laboratory-for-satellite-altimetry-sea-level-rise-products-global-andregional-sea-level-t0d6c7

Everyone Can Do Something!
Jump to pages 25-31 to learn about some currently available tools and strategies for
responding to rising ocean waters and the need for better information with ways to track
and quantify change. Page 13 suggests ways to get involved in climate change issues.
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Coastal Erosion and
Flooding: Bring your Boots!
“Our villages are being hit by a climate change quadruple whammy.” – Nome LCC Workshop Participant

Impacts in Alaska?
Thawing permafrost, intensifying storms, rising sea levels, and reductions in shorefast sea ice are combining to
wear away large sections of Alaska’s coast. Arctic western Alaska has become known worldwide for the impacts
of coastal climate change. The intensity of erosion and impacts varies by location: rockier areas like the Aleutian
Islands are generally less vulnerable than lower-lying areas. Several coastal villages, notably Newtok, Kivalina,
Shishmaref, and Shaktoolik, are facing potential erosion that is so great, the village might be forced to relocate
to a new village site.

Want to Learn More About Coastal Erosion and Flooding?
Understanding and Evaluating Erosion Problems - State of
Alaska Department of Commerce, Community, and Economic
Development (DCCED), 2013
This helpful handbook is designed to give Alaska property owners
and communities a better understanding of what drives coastal
erosion problems and alternative solutions. The goal is to help
officials and community residents be better able to monitor,

Waves pound the sandbagged seawall in Kivalina
(The Guardian).
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describe, seek assistance for, and make decisions about local erosion issues.
https://www.commerce.alaska.gov/web/Portals/4/pub/Understanding&EvaluatingErosionPub.pdf

Alaska Baseline Erosion Assessment – U.S. Army
Corps of Engineers, 2009
Through a process of stakeholder meetings, review of
previous reports, and extensive correspondence with
communities,178 Alaska communities were found to
have reported erosion problems. After subsequent
investigation, the Corps designated 31 communities as
‘Imminently Threatened,’ indicating that they should be
considered for immediate action by either initiating an
evaluation of potential solutions or continuing with
ongoing efforts to manage erosion. Nineteen of those 31
communities are located along the coastline of western
Arctic Alaska.
Groups like the State of Alaska, Department of
Community, Commerce and Economic Development rely
on this initial inventory to direct resources to respond to
erosion hazards. While this listing is a helpful start, there
are likely many other communities facing significant
climate change challenges.
http://climatechange.alaska.gov/docs/iaw_USACE_erosion_rpt.pdf
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Mapping of Bering Sea and Gulf of Alaska Coastal change by Landsat time-series analysis, 1972–2013
These two projects, sponsored by the Western Alaska Landscape Conservation Cooperative, show changes to
the coastline and to coastal features, such as spits, barrier islands, estuaries, and lagoons were mapped for
over 22,000 km of coastline along the Bering Sea and Gulf of Alaska coasts in western Alaska. Changes to rivers
and lakes near the coast were also captured. The maps of coastal change produced in this effort could be used
for local and regional analyses of vulnerability and coastal processes, and for identification of vulnerable
natural and cultural resources.
https://www.sciencebase.gov/catalog/item/54c9859ee4b0bbe8f557ec12
http://portal.aoos.org/coastalchange

Northern Alaska Coastal Erosion Threatens Habitat and Infrastructure
In a study published in 2015, scientists from the U.S.
Geological Society (USGS) found that the remote northern
Alaska coast has some of the highest shoreline erosion
rates in the world. Scientists studied more than 1,600
kilometers of the Alaskan coast between the U.S.Canadian border and Icy Cape, looking at over half a
century of shoreline change data, and found the average
rate of shoreline change of 1.4 meters per year. Of those
beaches that were eroding, the most extreme case
exceeded 18.6 meters per year.
The photograph at right, from 2006, shows the Barter
Island long-range radar station landfill threatened by coastal erosion. The landfill was subsequently relocated
further inland; however, the coastal bluffs continue to retreat.
http://www.usgs.gov/newsroom/article.asp?ID=4261#.VsC97_krKM8
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Harmful Algal Blooms
“Sometimes tiny algae can cause big problems.” – Quote and a source for more HAB information
http://www.noaa.gov/what-is-harmful-algal-bloom

Toxic Algal Blooms in Marine Waters Are Changing
Alaska’s Marine Ecosystem
Much warmer-than-normal water and air
temperatures continued along the Alaskan
coastal areas during the spring and summer
of 2015, as part of the continuing increase in
average global temperatures and the specific
result of an unusually persistent highpressure ridge that first developed in 2013
on the west coasts of the United States and
Canada.
The result was an anomalous area that came
to be known as the ‘blob,’ a large area in the
Gulf of Alaska and Bering Sea where marine
waters were as much as 12° Centigrade (C)
above normal (Figure 1). This temperature
passed the pivotal temperatures of 6° C to

Figure 1. The 2013-2015 warm water event in the North Pacific Ocean,
also known as the ‘blob.’

16° C needed for the growth of harmful algal
Pseudo-nitzschia and Alexandrium.
Satellite imagery revealed a persistent and
extensive bloom of Pseudo-nitzschia australis
extending along the entire continental shelf
from Ketchikan to the Aleutian Islands, and
into the central Bering Sea (Figure 2).

Impacts in Alaska?
When filter feeders such as zooplankton,
clams, oysters, mussels, and small fish eat
algae, they accumulate algal toxins in their
tissues. The toxins are passed up the food
chain to higher-level predators such as larger

Figure 2. From NOAA satellite data, 2015: the largest algal bloom ever
seen in the Gulf of Alaska and Bering Sea.

fish, birds, marine mammals, and humans as
they consume the contaminated organisms, causing illness and death. Harmful Algal Blooms (HABs) can
negatively affect commercial, recreational, and subsistence fisheries, tourism, and human health. These
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changes in turn have real impacts on local economies and the livelihoods of coastal residents. High-profile,
clearly-proven impacts include contaminated shellfish, like clams and mussels. HAB toxins accumulate in crab
butter (hepatopancreas); as a result, the commercial crab industry has transitioned away from selling whole live
crabs, lowering industry profitability.
Source: https://seagrant.uaf.edu/topics/environmental-hazards-alaskas-coasts/algal-blooms/

Figure 3. Harmful algal toxins domoic acid and saxitoxin found in stranded and harvested marine mammals in Alaska.

Evidence of the possible broader impact of harmful algal blooms on diverse bird and wildlife species is growing.
For example, at least 45 whale strandings were reported in the Gulf of Alaska in 2015 (see Figure 3).
Researchers are investigating the possible link to domoic acid poisoning (one type of HAB) found in the food
whales eat, including sand lance, herring and krill. A recent paper describes the spread of the harmful algal
Pseudo-nitzschia and Alexandrium in marine mammals to all of Alaska’s marine waters. During this timeframe,
more than 300,000 murres died from starvation, and evidence suggests this was a result of paralytic shellfish
toxins (PSTs) that disrupted the food web, reducing the zooplankton populations that form the foundation of
what sustains murres and other seabirds.

Want to Learn More About Harmful Algal Blooms?
“Unusual North Pacific warmth jostles marine food chain”
Read more about the hot water ‘blob’: https://www.nwfsc.noaa.gov/news/features/food_chain/
Paralytic shellfish toxins and marine mammals in Alaska
https://www.researchgate.net/publication/294112069_Prevalence_of_algal_toxins_in_Alaskan_marine_mammal
s_foraging_in_a_changing_arctic_and_subarctic_environment
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Alaska Seabird Die-off
“Thousands of dead and dying murres have been washing up on beaches this year, from California to the Gulf
of Alaska.”
http://www.fws.gov/uploadedFiles/Region_7/NWRS/Zone_1/Alaska_Maritime/PDF/Seabird%20Dieoff%20Fact%2
0Sheet%20010716.pdf

Wildlife Algal-toxin Research and Response Network for the U.S. West Coast NOAA Fisheries ((WARRNWest)
https://www.nwfsc.noaa.gov/research/divisions/efs/warrnwest/
Most of the information for this toolbox section was prepared by Bruce Wright, Senior Scientist, Environmental
Section, Health Department, Aleutian Pribilof Islands Association

Everyone Can Do Something!
Jump to pages 25-31 to learn about some currently available tools and strategies for better
understanding of natural systems and ways to track and quantify change. Page 13
suggests ways to get involved in climate change issues.
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Changes in Alaska’s Fresh
Water Landscapes
“Glaciers, lakes, rivers, wetlands and
permafrost – they’re all interconnected.”
– King Salmon LCC Workshop

What is the Water Cycle?
As we all learned in elementary school water evaporates into the

Participant

atmosphere from the ocean, condenses and is deposited as

Ecosystems, people and wildlife all rely
on water and all feel the impacts of
changes in Alaska’s water systems.
Below are some of the impacts of
climate change on water systems in

precipitation over land and water. Some of this water fills underground
aquifers, some travels as groundwater, some is stored as ice and snow
(and eventual meltwater), and some as runoff over the land’s surface.

Distribution of the Earth's Water

Alaska.
More Storms, Less Water Retention
During big precipitation events, the
ground becomes saturated and large

97%

3%

1%

amounts of water run off the surface
and quickly drain into rivers, streams
and, eventually, the ocean. Projections

Saltwater

estimate that Alaska will see an

Glaciers, Ice Caps

increase in storm intensity in coastal

Ground and Surface Waters

areas. Unfortunately, periodic large
storms can create drier conditions than

2%

U.S. Geological Survey. water.usgs.gov/edu/watercyclesummary.html

small, frequent precipitation events
because water flows straight back to the ocean as runoff and less water is retained in the system. 9
Shrinking Lakes and a Drier Tundra
Many Alaska lakes in central and southern parts of the state are shrinking due to warmer temperatures and a
loss of the permafrost that keeps water from draining into the soil. These changes also contribute to the drying
and ‘browning’ of
wetlands and tundra in
Southwest Alaska, which
provide important
habitat for birds and
marine life.

Air views shows the drying of two Alaska lakes between 1951 and 2000. Source:
Environmental Protection Agency image library

Climate Change Impacts in the United States: The Third National Climate Change Assessment. 2014. Published by the National Climate
Assessment and Development Advisory Committee. Available here: http://www.globalchange.gov/node/2939
9
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Melting Glaciers
Glaciers and ice sheets can store large quantities of water for thousands of
years. When they melt at increased rates due to increased global
temperatures, this increases runoff into hydrologic systems. If and when
glaciers actually disappear, as is happening around the world, these natural
reservoirs no store water for gradual release during the summer. Most
glaciers in Alaska and British Columbia are shrinking substantially. This
trend is expected to continue and has implications for hydropower
production, community drinking water supplies, ocean circulation patterns,
fisheries, and global sea level rise. (at right, the Mendenhall Glacier, in
Juneau http://www.picquery.com/alaska-glacier-water)
Freshwater Rivers and Streams
Rivers and streams are seeing changes in erosion, flow and sedimentation rates as a result of permafrost thaws
and new meltwater patterns. A particular concern is the possible impacts on salmon from a combination of
warmer waters, reduced flows and increasing sediment.

Impacts in Alaska?
All these changes can have negative impacts on people as well as species such as salmon that travel through
and spawn in the waterways. Both drought and increases in river sediment can also impact vessel traffic and
transportation infrastructure when waterways become shallow or channels change. Many Alaska communities
are also experiencing greater flooding as a result of changes to precipitation patterns, ice dynamics and
warmer temperatures causing high rates of seasonal melting.

Want More Information About Changes in Alaska’s Water?
Scenarios for Network Planning (SNAP)
The Alaska Center for Climate Assessment and Policy (ACCAP) and the University of Alaska
produced a document outlining anticipated climate changes by Alaska region and season,
available here: https://www.uaf.edu/files/snre/MP_09_04.pdf
Effects of Climate Change on Subsistence Communities in Alaska
Don Callaway of the National Park Service in Anchorage, Alaska.
http://www.besis.uaf.edu/besis-oct98-report/Subsistence.pdf
Mountain Glaciers Recharge Vital Aquifers
A recent University of Alaska, Fairbanks (UAF) report about the surprising role of even small glaciers in surface
and subsurface water flows. https://phys.org/news/2017-07-mountain-glaciers-recharge-vital-aquifers.html
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Climate Change Impacts on Alaska Communities
The Alaska Native Tribal Health Consortium (ANTHC) and their partners produced a series of assessment
reports with climate change observations from residents in different communities around Alaska.
http://anthc.org/what-we-do/community-environment-and-health/center-for-climate-and-health/climatehealth-3/

Pictures and quotes from residents along the Nushagak River as reported in “Community Observations on
Climate Change: Nushagak River Trip Report,” September 2014 ANTHC, BBNA, Sea Grant.
http://anthc.org/wp-content/uploads/2016/01/CCH_AR_092014_Climate-Change-and-Upper-Nushagak-River.pdf

“Participation in family and community subsistence activities, whether it be clamming, processing fish at a fish camp
or seal hunting with a father or brother, provide the most basic memories and values in an individual’s life. These
activities define and establish the sense of family and community.” - Shishmaref

Everyone Can Do Something!
Jump to pages 45-51 to learn about some currently available tools and strategies for
addressing the challenges of changing habitats, including diversifying local food sources
and more flexible subsistence policies. Page 13 suggests ways to get involved in climate
change issues.
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Changes in Habitats at the
Coastal Edge
“Alaska’s coastlines, coastal lagoons are some of the most pristine and productive on the planet.” Kotzebue Workshop
The estuaries, river deltas and lagoons along Alaska’s
coastlines are small in terms of total land mass, but are
among the most biologically rich areas in the state. These
areas provide a disproportionate share of homes to fish,
birds and other wildlife species, as well as to people.

Impacts in Alaska?
Many of these coastal areas are barely above sea level
and are vulnerable to changes, including loss of
protective sea ice, increasing storm intensity, changing
sea levels and erosion. Salinization also occurs as sea
levels rise, precipitation increases, and permafrost melts,
which can alter the chemistry of estuary and near-coast
riparian habitats. The introduction of salty ocean water
into permafrost areas further accelerates the melting
process, acting as a positive feedback loop. 10

The coastline along St. Paul Island provides valuable habitat
for both birds and marine mammals.

Climate change impacts are not limited to the coastline
itself. Melting permafrost, new precipitation patterns and long-term shifts in temperatures are changing the
adjoining on-land environments as well. Forests are expanding north and west, and many tundra areas are
seeing a growth in shrubs.11 Wildfires may increase due to warmer temperatures, drier conditions and an
increase in lightning strikes. Wildfires in boreal rainforests are projected to double by 2050. 12 These changes
are affecting vegetation in different ways in different locations, with a broad pattern of greening in the north
and browning in the south. Exact directions and mechanics of these changes are not fully understood.

Environmental Protection Agency. “Climate Change Impacts in Alaska.” Available here:
https://www3.epa.gov/climatechange/impacts/alaska.html#ImpactsOceans
10

Alaska Regional Climate Projections. Prepared by Scenarios for Network Planning (SNAP), Alaska Center for Climate Assessment and Policy
(ACCAP) and the University of Alaska. Available here: https://www.uaf.edu/files/snre/MP_09_04.pdf
11

Climate Change Impacts in the United States: The Third National Climate Change Assessment. 2014. Published by the National Climate
Assessment and Development Advisory Committee. Available here: http://www.globalchange.gov/node/2939
12

Promoting Resilience and Adaptation in Coastal Arctic Alaska | Strategies, Actions and Resources

97

As habitats change, animal species
are shifting as well. Caribou

Number of Tree Species 1971-200

Projected 2100

populations are decreasing in some
parts of the state, possibly due to the
loss of lichen and/or winter freezing
rain acting as a barrier for them to
reach needed vegetation under the
snow. Moose and beaver are moving
into new parts of the state as forests
expand north. Insect outbreaks may
increase, since hard frosts and cold
winters often limit the growth and
spread of insects. Changing weather
patterns and habitats may also
increase the spread of invasive
species and diseases.
The number and range of tree species in Alaska is projected to grow.
Source: McKenney et al. 2011

Want More Information about Coastline Edge and On-Land
Changes?
Alaska Coastal Profile Tool
This interactive tool shows beach elevation profile measurements throughout Alaska since the 1960s.
http://maps.dggs.alaska.gov/acpt/

Alaska Shoreline Change Tool
This web-based tool displays the historic and predicted shoreline position throughout Alaska.
http://maps.dggs.alaska.gov/shoreline/#-16253081:9110399:3
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Alaska ShoreZone Coastal Mapping and Imagery
This mapping system provides detailed information about shorelines, including habitat classifications and
photos for select areas. http://alaskafisheries.noaa.gov/mapping/szflex/index.html
Extensive mapping of Bering Sea and Gulf of Alaska coastal change by Landsat time series analysis,
1972–2013
Interactive maps of coastal change https://www.sciencebase.gov/catalog/item/54c9859ee4b0bbe8f557ec12
Climate Drivers Linked to Changing Seasonality of Alaska Coastal Tundra Vegetation Productivity
(3 February 2015) Deep science explores the critical complexities of what has changed, and what might be
expected going forward: “Many climatic changes have been documented in the Arctic summer over the satellite
record and at longer time scales, most notably increasing surface air temperatures and a decline in sea ice
(Berner et al. 2005; Melillo et al. 2014). These climatic variations are especially pronounced in the Arctic due to
the role of polar amplification (Bekryaev et al. 2010; Serreze and Barry 2011), which is caused primarily by
decreasing sea ice cover. The decline in sea ice has had far-reaching terrestrial consequences not only for the
climate, but also for vegetation and other biota in the Arctic (Bhatt et al. 2010; Dutrieux et al. 2012; MaciasFauria et al. 2012; Bhatt et al. 2014). Tundra vegetation throughout Alaska and the Arctic has largely been
greening over the satellite record (1982–2013), and the vegetation productivity rise has been linked to increased
summer warmth (Jia et al. 2003; Walker et al. 2003) resulting from sea ice retreat (Bhatt et al. 2010; Dutrieux et
al. 2012).” http://journals.ametsoc.org/doi/abs/10.1175/EI-D-15-0013.1
Coastal Erosion in Bristol Bay
Ongoing research by Todd Radenbaugh, University of Alaska Fairbanks, Bristol Bay Campus Environmental
Science Lab. Photos below document river edge erosion, tied to changing storms and ice patterns, melting
permafrost and changes in groundwater flows.

Everyone Can Do Something!
Jump to pages 25-36 and 45-51 to learn about some currently available tools and
strategies for addressing the impacts of coastal and river system erosion and responding
to changes in subsistence opportunities. Page 13 suggests ways to get involved in climate
change issues.
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Thawing Permafrost is
Reshaping the Arctic
Landscape
“Once permafrost starts to thaw, we cannot control how much carbon dioxide and methane is released by microbes
into the atmosphere from thawing permafrost.” – Sue Natali, Woods Hole Research Center in Massachusetts 13
As with sea ice, dramatic changes happen on land when temperatures change from being generally below
freezing, to generally above freezing. Researchers with the Permafrost Library in Fairbanks imagined Alaska’s
large expanses of permafrost would endure for centuries, but now are reversing their views and predicting
much of Alaska’s permafrost will thaw by the end of this century. According to an article in Scientific American:
“If you’d asked permafrost researcher Vladimir Romanovsky five years ago if he thought the
permafrost of the North Slope of Alaska was in danger of substantial thaw this century because of
global warming, he would have said no. The permanently frozen soils of the northern reaches of the
state are much colder, and so more stable than the warmer, more vulnerable permafrost of interior
Alaska, he would have said. “I cannot say it anymore,” he told journalists the 2016 annual meeting of
the American Geophysical Union in San Francisco. New work Romanovsky presented at the conference
suggests that if warming isn’t tempered, more than half of the permafrost of the North Slope (a region
bigger than Minnesota) could thaw by century’s end. Such a thaw would imperil infrastructure, local
ecosystems and potentially release more heat-trapping greenhouse gases into the atmosphere.”
http://www.scientificamerican.com/article/warming-may-mean-major-thaw-for-alaskan-permafrost/

Impacts in Alaska?
According to the National Snow and Ice Data Center (https://nsidc.org/):


Eighty percent of land in Alaska is underlain by permafrost.
Permafrost near Alaska’s Arctic coast has warmed 4° to 5° Fahrenheit
(F) at 65-foot depth since the late 1970s and 6°F to 8°F at 3.3-foot
depth since the mid-1980s.



Thaw is already occurring in interior and southern Alaska, where
permafrost temperatures are near the thaw point.



When it thaws, permafrost slumps, causes subsidence, slope
instability and erosion, all of which can impact infrastructure such as
buildings and roads, water quality, wildlife and subsistence/food
security.

Sue Natali is also the co-author of a paper recently published in Nature: https://www.pri.org/stories/2015-06-24/thawing-permafrost-couldhave-catastrophic-consequences-scientists-warn
13
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The average annual number of large fires in
Alaska has doubled, and climate change is
causing bigger and more frequent fires. In
the Arctic, permafrost contains vast
quantities of carbon that can be emitted,
not only as carbon dioxide, but also as
methane, which is a very, very, powerful
greenhouse gas. So you can get into a
situation where the fires are accelerating
the loss of carbon from these landscapes
and actually feeding climate change even
further.” – Nicky Sundt, World Wildlife
Federation Climate Policy Analyst and
Smokejumper (in the 1980’s).

Want to Learn More About Permafrost?
Degrading ice wedges reshape Arctic landscape (#ASSW2016, University of Alaska Fairbanks, 2016)
In the video linked below, Anna Liljedahl, an assistant
professor at the University of Alaska Fairbanks’ Water and
Environmental Research Center, and her co-authors
gathered information about the types of ice-wedge
polygons and how they changed over time across the
Arctic.
The impact of permafrost thaw is generally tied to the
percentage of water in the permafrost material
(permafrost is defined as any material – water, soil, solid
rock – that remains frozen over multiple years). When
permafrost with a high water content thaws (see map
below), the odds of substantial
subsidence increases.
“The wedges, which can be the
size of a house, gradually
formed over hundreds or even thousands of years as water seeped into permafrost
cracks. On the ground surface, they form polygon shapes roughly 15-30 meters wide
— a defining characteristic of northern landscapes.”
Melting permafrost wedges can cause significant subsidence, which in turn can
create new channels for surface drainage and accelerate the thawing of adjoining
permafrost. Where permafrost thaw happens adjoining the coastline, the result can
be intrusion of warm ocean salt water that further accelerates thawing.
The thaw cycle of ice wedges can accelerate due to a positive feedback mechanism
intrinsic to ice wedges. Where permafrost contains of a mix of water ice and soil,
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thawing tends to slow over time, as the thawing permafrost leaves on the surface an insulating band of soil. In
contrast, permafrost wedges typically are topped by only a modest band of surface moss. Thawing of ice
wedges does not produce the insulating band of soil that happens in permafrost that contains a lower
percentage of water ice.
https://www.youtube.com/watch?v=HW_QKxGY4-k&feature=youtu.be
http://news.uaf.edu/embargo-march-14-widespread-ice-wedge-thawing-seen-throughout-arctic/

Arctic Double Whammy: Carbon Release from
Thawing Permafrost Could be Greater than
Carbon Capture of New Greenery.
http://www.science20.com/news_articles

Everyone Can Do Something!
Jump to pages 25-36 to learn about some currently available tools and strategies for
better understanding projected changes in coastal landscapes and adaptation strategies.
Page 13 suggests ways to get involved in climate change issues.
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Understanding Bering Sea
Marine Ecosystems
A rich, complex ecosystem evolves in response to
fundamental change.
Detailed research has been
completed on the character,
components and evolution of the
Bering Sea and Chukchi Sea, with less
investigation of the Bering Strait area,
blending the knowledge of science
researchers and people of Bering Sea
communities.
The Bering Sea project ‘magazine’
called “Understanding Ecosystem
Processes in the Bering Sea”
summarizes the results of an
ambitious, multi-year, ecosystemscale marine research program,
powered by more than 100 scientists
and engaging local Bering Sea
communities. This project was carried
out by the Bering Sea Ecosystem
Study (BEST) sponsored by the National Science Foundation, and the Bering Sea Integrated Ecosystem Research
Program (BSIERP), by the North Pacific Research Board.
A copy of this 85-page
document is available online.
The website also provides
access to the individual reports
that came out of this project.
The table of contents and other
highlights of this document are
extracted below and on the
following page.
http://www.nprb.org/
bering-sea-project.
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Excerpts from “Understanding Ecosystem Processes in the Bering Sea”
https://www.nprb.org/assets/uploads/files/BSIERP/BSIERP_Bering_Sea_Magazine.pdf
The project focused on in-field primary research, and then the development of sophisticated models to better
understand and predict change.
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