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1. Foreword
In 2014, the United States (U.S.) and Canada agreed to act as co-lead countries for the initial development of the
Coastal Expert Monitoring Group (CEMG) as part of the Circumpolar Biodiversity Monitoring Program (CBMP, www.
cbmp.is) under the Arctic Council’s Conservation of Arctic Flora and Fauna (CAFF, www.caff.is) working group. The
CAFF Management Board approved Terms of Reference for the CEMG in the spring of 2014.
The primary goal of the CEMG is to develop a long term, integrated, multi-disciplinary, circumpolar Arctic Coastal
Biodiversity Monitoring Plan (the Coastal Plan) that relies on science and Traditional Knowledge, and has direct and
relevant application for communities, industry, government decision makers, and other users. In addition to the
monitoring plan, the CAFF working group has asked the CBMP, and thus the CEMG, to develop an implementation
plan that identifies timeline, costs, organizational structure and partners. This background paper provides a
platform for the guidance for the development of the Coastal Plan and is produced by the CEMG with assistance
from a number of experts in multiple countries.

Greenlandic coastline in Disko Bay. Photo: Dennis Burdin/Shutterstock.com

2. Introduction
The Arctic plays a critical role in the Earth’s physical, chemical and biological balance. The maintenance of healthy
Arctic ecosystems is a global imperative, and many countries have obligations to sustain biodiversity. Arctic
biodiversity is under growing pressure from the impacts of climate change and development, necessitating
that government managers, industries, conservation organizations and communities have access to timely and
complete biodiversity status and trend data. These data are required to ensure informed policy advice to decisionmakers and to generate effective strategies for adapting to changes currently taking place in the Arctic (CAFF,
2013c). Maintaining the health of Arctic ecosystems is of fundamental economic, cultural and spiritual importance
to Arctic Indigenous peoples and residents, many of whom maintain close ties to the land and sea. Almost all
Arctic residents live in coastal areas and significant components of their economies are linked to these coastal
areas and adjacent lands that are vulnerable to climate change impacts and other stressors affecting biodiversity.
The enormous size, remoteness and overall complexity of the Arctic represent a significant challenge toward
detecting and attributing important biodiversity trends.
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Although all Arctic states, Arctic Indigenous organizations, and a number of non-Arctic states and organizations
conduct monitoring of various elements of coastal Arctic biodiversity, these efforts have largely been
uncoordinated, have been limited in their geographic, thematic and temporal scope, and have not been evenly
distributed across the Arctic. Therefore, large-scale trends in Arctic coastal biodiversity are difficult to track (Barry
et. al., 2013). Rigorous and coordinated monitoring programs are needed with integrated, pan-Arctic, ecosystembased approaches that not only identify trends in biodiversity, but also underlying drivers and evolving stressors.
It is necessary that these programs have the power to detect change within time frames and scales relevant to the
needs of users.
To address this need, the Circumpolar Biodiversity Monitoring Program (CBMP) is facilitating an integrated,
ecosystem-based approach to monitoring through the development of four integrated monitoring plans
representing the major Arctic ecosystems: marine, terrestrial, freshwater and coastal. The marine, terrestrial and
freshwater Arctic biodiversity plans have been created and are in various stages of implementation (Barry et. al.,
2013; www.caff.is/about-the-cbmp). The coastal component of the CBMP will be outlined in this paper.

2.1 Coastal Plan Purpose and Objectives
This background paper outlines how the Coastal Plan will be created and develops a framework for integrated
and cost-effective monitoring of Arctic coastal biodiversity. The short term objective of the CBMP is to use existing
monitoring programs to develop a multi-disciplinary, multi-knowledge base, integrated, circumpolar, long-term
Coastal Plan that:

►► identifies and ensures better coordination of existing monitoring information and networks;
►► identifies and promotes the monitoring of a suite of focal ecosystem components and prioritized
parameters for each focal ecosystem component;

►► ensures more efficient and effective synthesis and delivery of results of monitoring related to

the informational needs, management objectives and questions of decision makers, Indigenous
organizations, governments, local communities, scientific community, industry and other stakeholders;
and
►► is based on science, Traditional Knowledge and community based monitoring, including input from
industry as well as other relevant networks.

2.2 The Circumpolar Biodiversity Monitoring Program
The Conservation of Arctic Flora and Fauna (CAFF) is the working group of the Arctic Council that addresses Arctic
biodiversity conservation. CAFF operates at the interface between science, traditional knowledge (TK) and policy,
and seeks to develop integrated responses to issues of Arctic biodiversity.
The development of the CBMP was a response to Arctic Council recommendations for improved, coordinated,
long-term Arctic biodiversity monitoring. The Arctic Climate Impact Assessment (ACIA, 2004) and the Arctic
Biodiversity Assessment (CAFF, 2013a) both identified the need to enhance Arctic biodiversity monitoring and data
generation to bridge the information-policy gap. The development and implementation of the CBMP have been
further highlighted as Arctic Council priorities, as referenced in nearly all Ministerial Declarations since 1998.
The CBMP takes an ecosystem-based approach, building a network of monitoring networks to create a
coordinated forum for scientists, TK holders, and community experts to develop integrated Arctic Biodiversity
Monitoring Plans. These plans:
build on the platform established by the CBMP Strategic Plan 2013-2017 and the Arctic Biodiversity Assessment;
►► are the continued response to Arctic Council recommendations on biodiversity and ecosystem
monitoring; and
►► ensure integration of the different monitoring activities within CAFF.
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2.3 The Coastal Expert Monitoring Group
The Coastal Expert Monitoring Group (CEMG) is the fourth and final Expert Monitoring Group (EMG) to be formed
under the CBMP. It follows the same format and approach developed by the previous Marine, Terrestrial and
Freshwater EMGs. These groups function as a forum for scientists, TK holders and data users to promote research
and monitoring activities that facilitate coordinated, cost-effective Arctic biodiversity monitoring.
The primary goals of the CEMG, as with each EMG, are:
1. the development of Arctic Biodiversity Monitoring Plans that identify, assess and coordinate existing
monitoring capacity and programs, where possible, with existing programs to detect, understand, assess
and report the state of and trends important species in the circumpolar Arctic; and
2. to identify gaps in present monitoring programs in the context of the full suite of identified threats,
drivers and at-risk Arctic biodiversity.
The CEMG is co-led by the U.S. and Canada and currently includes representatives from Canada, Kingdom of
Denmark, Norway, Russia, the U.S., and the Inuit Circumpolar Council (ICC). There are currently no nominations
from Sweden and Finland as they have no Arctic coastline. A nomination from Iceland is pending. Current
representatives include:

►►
►►
►►
►►
►►
►►
►►
►►
►►
►►
►►
►►

Co-lead: Rebecca Anderson/Carl Markon (U.S.)
Co-lead: Donald McLennan (Canada)
Carolina Behe (Inuit Circumpolar Council)
Susse Wegeberg (The Kingdom of Denmark)
Maria Pettersvik Arvnes (Norway)
Liudmila Sergienko (Russia)
Vassily Spiridonov (Russia)
Stacey Fritz (U.S.)
John Payne (CBMP Co-Chair)
Tom Christensen (CBMP Co-Chair)
Tom Barry (CAFF Secretariat)
Courtney Price (CAFF Secretariat)

Attendees of the Coastal Expert Monitoring Group first meeting in Akureyri 2014. Please note that membership has changed,
Photo: Kári Fannar Lárusson, CAFF Secretariat
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3. Approach, Process and Scope
The CEMG will pursue a coastal biodiversity monitoring program and develop the Coastal Plan following an
ecosystem-based approach that generates a comprehensive picture of Arctic biodiversity in the context of
environmental processes and trends. Based on the input of targeted knowledge users knowledge clients and in
consultation with international scientific, TK, and community based monitoring (CBM) experts, as well as other
stakeholders, this approach will better inform decision-making related to the conservation, management, services
and use of Arctic coastal biodiversity and ecosystems.
The Coastal Plan will use both TK and science to identify a suite of coastal ecosystem indicators (Focal Ecosystem
Components) and key drivers and stressors relevant to coastal biodiversity that require long term monitoring
and will make use of existing monitoring capacity and information in order to measure, assess and report on the
current state of Arctic coastal ecosystem conditions and their biodiversity.
The Coastal Plan will identify optimal existing sampling schemes for the chosen parameters and also identify
current gaps in monitoring coverage to focus any future investments countries may want to make in Arctic
biodiversity monitoring.

3.1 Coastal Plan Development Approach
The approach for developing the Coastal Plan will follow that of previous CBMP Plans that used international
workshops to convene broad scientific and TK expertise from across the participating countries (Table 3).
Workshops will address key objectives designed to move the process forward and build on accomplishments as
they are achieved. Critical to the success of the initiative is the ongoing communication of the CEMG and other
experts between workshops to respond to issues raised during face-to-face meetings and to make progress
on developing a plan that reflects decisions made at the workshops. Each CEMG member is, given available
funding, responsible for recruiting relevant experts in the workshop process to provide their expertise and
knowledge of local resources and programs related to coastal biodiversity. These experts can include government
representatives, TK and academic specialists in coastal ecosystems, co-management groups, NGOs with a coastal
focus, and industry representatives or specialists with knowledge or interests in Arctic coastal issues.

3.2 Coastal Plan Development Process
The Coastal Plan development process will start by assembling an inventory of any known monitoring presently
being carried out in coastal ecosystems in each country. The inventory may also include planned monitoring
projects and will consider any projects that are circumpolar, regional, national, local or bilateral that could
contribute to the understanding of Arctic coastal biodiversity trends.
In developing the Coastal Plan, the CEMG will take an adaptive and question-driven approach as described in
the CBMP four-year strategic plan. A workshop will be held to initiate the design of an Arctic coastal biodiversity
monitoring framework for an integrated monitoring strategy using this Background Paper as a platform and will
include the input of knowledge communities to ensure the relevance and usefulness of the Coastal Plan. In the
light of these priorities, the workshop will analyze how the Coastal Plan should be designed to effectively detect
trends in coastal biodiversity and ecosystems in the Arctic using existing monitoring programs.
From this analysis, assembled experts and knowledge users will identify a suite of Focal Ecosystems Components
(FECs) that need to be measured, evaluated and reported, and will relate these FECs to the drivers and pressures
that are impacting them, in order to later provide a comprehensive assessment of the condition of Arctic coastal
ecosystems. This process will also identify gaps in the present monitoring. An important component of the
Coastal Plan will be a series of recommendations for filling gaps in monitoring programs that would allow for a
comprehensive circumpolar assessment of the condition of Arctic coastal ecosystems.
The development of the Coastal Plan will build on the considerable research and monitoring efforts that have
been carried out over many years, including the work made in the State of Arctic Coasts Report (2010) and the
platform that is established by the Arctic Biodiversity Assessment (CAFF, 2013). Further the development of
the monitoring plan will be guided by the report “Actions for Arctic Biodiversity 2013-2021: implementing the
recommendations of the Arctic Biodiversity Assessment” (CAFF, 2013) an important action plan for the CAFF
working group in the coming years.
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3.3 Monitoring Approach
Existing methods and strategies for biodiversity monitoring in the Arctic range from site-based studies to
circumpolar remote sensing and modeling approaches, and incorporate data-gathering through scientific and
TK approaches, as well as CBM. The Coastal Plan will organize existing monitoring programs within conceptual
models that follow an ecosystem-based approach that includes human communities (social-ecological systems
approach). To the extent feasible with existing programs, information related to multiple interacting parameters at
various scales will be collected and integrated to measure and report ecosystem status and trends and to diagnose
potential drivers, important processes and implications of those trends.
In developing the Coastal Plan, the CEMG is dedicated to developing a monitoring approach that includes the
input of both science and TK experts in coastal ecosystems and biodiversity. Arctic coastal communities rely
heavily on coastal ecosystems for the ecological services that coastal biodiversity provides – including commercial
and subsistence harvesting and food security. Local residents continuously acquire important knowledge of local
species, changes in those species, and the environmental factors that are driving shifts in health and numbers.
They hold a systematic way of knowing that is passed between generations and is still developing today. Within
this knowledge is information of animals, plants and interacting and changing systems. Traditional Knowledge is
able to identify drivers of change in animals and plants that are unique to this knowledge system. The Coastal Plan
will include approaches to systematically incorporate this knowledge – knowledge that supports and extends our
understanding of the state of and changes in coastal biota.
The Coastal Plan will be designed to satisfy the information needs of multiple users. To this end, the approach
will balance specific inquiry-based monitoring, monitoring methods found within TK and a broader approach
to monitoring ecosystem conditions with key indicators from multiple levels of biological organization included
in a large-scale monitoring design. User-driven monitoring questions, regional ecosystem understanding, and
knowledge of existing programs are essential for the selection of useful monitoring programs and key monitoring
indicators - the Focal Ecosystem Components (FECs).
The Coastal Plan will also provide guidance to expert monitoring networks that might be created within the CEMG
and may include: (1) objectives to be addressed; (2) potential indicators; (3) frequency of monitoring; (4) frequency
of assessments; (5) recommended training and financial support needed; (6) intended audience for assessments;
(7) linkages between assessments and management decisions; (8) decision points at which action must be taken
to address negative trends; and (9) costs and funding sources for the various activities.

3.4 Focal Ecosystem Components, Attributes and Parameters
As with other CBMP Plans, the heart of the Coastal Plan will be a three-level hierarchical approach where the
Focal Ecosystem Components (FECs), Attributes and Parameters are identified for a suite of coastally-monitored
indicators (Table 1). FECs are critical to the functioning and resiliency of Arctic ecosystems and reflect the vital
importance to the subsistence and economies of northern communities.
FECs and attributes will be identified by:
a.
b.
c.
d.
e.
f.

developing a common understanding among knowledge holders, coastal experts and clients of
information generated about the most important coastal biota, and their key environmental drivers and
threats (both natural and anthropogenic);
clarifying critical information requirements related to user needs and identified biodiversity issues;
creating conceptual models to understand and communicate key ecological relationships, processes,
drivers and stressors;
identifying FECs for the Coastal Plan within the context of the conceptual models;
assessing the monitoring parameters presently measured in ongoing programs; and
evaluating current and potential national capacity to conduct long-term monitoring and the relative
feasibility of various approaches.

The CEMG will also identify common core attributes such as diversity, composition, phenology, demographics,
spatial structure, temporal cycles, health, productivity, and ecosystem functions and processes.

9
Through the development of conceptual ecosystem models, the FECs will be linked to the stressors and
environmental drivers that, for the most part, control their distribution and abundance. In many cases the largest
threats to Arctic biodiversity are pressures on these drivers and stressors, as outlined in Section 4 below. Where
these stressors are already being monitored as part of existing programs, they will be incorporated into the Coastal
Plan. Where they are not being monitored they will be flagged as knowledge gaps.
Table 1: Example of a Focal Ecosystem Component with FEC Attributes and Parameters. This example is taken from the CBMP
Freshwater Monitoring Plan and demonstrates overlap among the Coastal Plan and other CBMP Plans.
Focal Ecosystem
Component

FEC Attribute

Fish, benthic
Numbers of individuals or
macroinvertebrates biomass by taxon
and zooplankton

FEC Parameter
Community indices (e.g., abundance and density, taxonomic richness,
diversity and dominance, biomass and numbers of keystone taxa,
ecological traits, tolerance indices)
Numbers of red-listed (threatened) and rare taxa
Distribution and range (e.g., attitudinal and altitudinal, residency/
anadromy for fish)

Genotypes and alleles

Genetic diversity

Biomass (including bioSize structure of entire population or of keystone taxon
volume, length, body weight, Fecundity
gonad weight in fish)
Age of individuals

Age structure of entire population or of a keystone taxon; growth
rates (size at age or age at length (fish), or life cycle stage at length
(benthic macroinvertebrates)) and age at maturity (age combined
with biomass)

Timing of important life
history events

Migratory phenology
Emergence timing
Reproductive timing (for fish; e.g., reproductive development rate,
reproductive periodicity)

Body burden of
contaminants in fish

Concentrations of contaminants in fish tissues above consumption
guidelines or above environmental thresholds for sub-lethal or lethal
effects

Given the strong spatial overlap between coastal and other ecosystems, it is anticipated that the FECs identified
in the Coastal Plan will, in some cases, overlap with the CBMP marine, freshwater and terrestrial programs. For this
reason, other CBMP expert groups will be involved in the Coastal Plan development process to discuss these issues
and assign or divide the overlapping FECs. Typical criteria for selecting FECs for the Coastal Plan will include:

►►
►►
►►
►►
►►

residence time,
use of coastal ecosystems,
biological importance,
monitoring efficacies (e.g., keystone species, focal species, headline species, vulnerable species), and
identified importance to coastal communities and industrial, government and other users.

Based on these considerations, a set of coastal FECs will be developed that are strongly integrated with other
CBMP monitoring programs and provide a comprehensive assessment of Arctic coastal biodiversity.
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3.5 Scale
The Coastal Plan will address questions and information needs from the circumpolar to finer scales of resolution.
Methods to detect change at a range of scales that can provide complementary information are vital. The various
approaches can be layered and combined during data collection or analysis. Such integration between and among
the approaches will increase the probability of detecting change, will support up- and down-scaling of identified
effects and create a more effective monitoring scheme. As such, the Coastal Plan will be designed to provide
relevant information to assist decision-making at multiple geographic scales. This will:

►► improve the ability of sub-national and national governments to understand biodiversity trends and the
mechanisms driving these trends;

►► support planning and monitoring activities around industrial and other developments; and
►► increase the capacity of individual agencies and Indigenous organizations to respond effectively to
potential change and facilitate reporting requirements.

Spatial scales for monitoring attributes and parameters will include:

►► local, site or plot-based samples; landscape measures, a larger area including nearby plots or sites in the
same habitat or group of habitats and transition zones;

►► regional, large-scale samples, such as by country or biogeographic region; and lastly,
►► the pan-Arctic at the largest spatial scales appropriate for the ecosystem processes and biotic group,
including migratory species.

Integration with international monitoring schemes will allow monitoring programs at multiple scales of effort to
contextualize local changes. Where applicable, information developed under the Coastal Plan will be designed
to be relevant at the local scale in order to best serve local decision-making. This will be achieved partly through
linkages with local monitoring efforts and through statistical techniques (i.e., interpolation and modeling) to
inform decision making by Arctic residents, resource managers, and policy makers.

3.6 Monitoring Program Sustainability
Monitoring is not an end in itself, but rather a means of measuring progress towards or away from stated
management goals or other objectives, e.g., goals from regional land use plans, targets associated with major
industrial developments, targets set by regional wildlife boards, population targets determined by conservation
agencies or co-management boards, or hunting and maintenance-of-health strategies determined by local
governments. Program sustainability is a key risk for long term monitoring programs, and the approach taken
by the CEMG to ensure program sustainability will be to design a Coastal Plan that produces useful and timely
information to those that require it, producing data that meet identified management needs. To meet this goal,
a special effort will be made over the course of the development of the Coastal Plan to directly and indirectly
engage a knowledge client group to ensure the maximum usefulness of the program developed.
Knowledge clients for the Coastal Plan include:
►► local, regional and national governments with internal mandated commitments to sustaining Arctic
coastal biodiversity and managing use;
►► Arctic coastal communities and co-management groups involved with both food security and
commercial harvests of coastal species;
►► Indigenous representative organizations;
►► governmental and non-governmental conservation organizations;
►► industries responding to regulatory agencies requiring data that assesses the potential impacts of
development;
►► other industries that potentially impact Arctic coastal ecosystems; and
►► academics and research scientists who can use reliable long term trend data to provide important
context for ongoing discovery science.
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4. Coastal Ecosystems
Arctic coastal ecosystems include those areas at Arctic latitudes where land and waterways (rivers, lakes, and
oceans) meet, interact, and have a significant influence on each other. The Arctic is characterized by long, cold
winters and short, cool summers. Average January temperatures range from about −40 to 0 °C, and winter
temperatures may drop below −50 °C, often with strong winds. Average July temperatures have historically
ranged from about −10 to +10°C, but more recently some areas regularly exceed 30 °C. Overall, proximity to the
ocean moderates coastal temperature extremes, creating cooler and cloudier conditions, often with localized and
persistent fog and higher precipitation compared to interior areas. The precise area that includes these coastal
interactions varies geographically and seasonally. For example, river to sea influence is large in late spring and
summer, where major rivers and their deltas occur. Ocean to land effects, and vice versa, are largest where the
shoreline is comprised of easily erodible materials or where low lying wetlands are exposed to storms and high
tides. These coastal interactions are less prominent in those coastal areas where small streams and rivers enter
deep coastal waters with stable, bedrock shorelines.

4.1 Coastal Plan Ecological Boundaries
The proposed Coastal Plan ecological boundaries described below will be discussed and agreed upon at the first
Coastal Expert Monitoring Group Workshop. To simplify the definition of the coastal domain, and to mesh with
the domain defined by the CBMP Arctic Marine Biodiversity Monitoring Plan, it is proposed that the domain of the
Coastal Plan include the supratidal, intertidal, and sub-tidal areas outwards to approximately 30 km from the coast
and/or to 30 m depth, except where biota/habitats controlled by coastal processes go deeper than 30m (Table 2).
Similarly, to complement the area defined by the CBMP Arctic Terrestrial Biodiversity Monitoring Plan, the Coastal
Plan may be limited by the high astronomical tide level (HAT), and thus will only include coastal ecosystems
directly affected by marine inundation, and not those more broadly influenced by marine climatic effects. For
clarity, the Coastal Plan would thus include inter-tidal zones, estuaries, marine inundated portions of deltas, coastal
wetlands periodically or regularly inundated by sea water, areas affected by historic storm surges, actively eroding
shoreline zones, barrier islands/spits/coastal bars, lagoons and marine connected lakes, salt pools, and coastal
dunes affected by modern marine processes (Table 2).
The CEMG recommends that the coastal domain include two additional terrestrial areas not formally considered as
coastal terrestrial ecosystems:

►► areas affected by recent or historic storm surges or new land recently inundated by ocean water, with
normally negative effects on non-adapted ecosystem types; and

►► actively eroding shoreline zones where cracks and slope failures can extend for several hundred meters
from the shoreline.

In addition to the high sea water mark, and to mesh with the areas defined by the CBMP Arctic Freshwater
Biodiversity Monitoring Plan, the domain of the Coastal Plan may also defined as having a salinity of 5 psu – a
threshold that marks many organisms classification as either freshwater or marine (Table 2). However, species
migrating between the different salinity regimes (e.g., salmon) may be subject to cooperation between the
monitoring groups or allocated to one of the groups after discussion and agreement.
An important caveat to this definition is when a country has already defined ‘coastal’ for pre-existing programs and
prefers to stay with that definition, then that country will use its existing definition.
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Table 2: Summary of Coastal Plan Ecological Boundaries
Interaction

Referenced Plan

Boundary Definition for
Coastal Plan

Caveats/Additions

Coastal-Marine

Arctic Marine
Biodiversity
Monitoring Plan

Intertidal and sub-tidal areas
outwards to approximately
30 km from the coast and to
30 m depth

Except where biota/habitats controlled by
coastal processes go deeper than 30m, or
where a country has already defined ‘coastal’
for national programs, and prefers to stay with
that definition

Coastal-Terrestrial

Arctic Terrestrial
Biodiversity
Monitoring Plan

Limited by the HAT, only
including coastal ecosystems
directly affected by marine
inundation

Also includes areas affected by recent or
historic storm surges or new land recently
inundated by ocean water with normally
negative effects on non-adapted ecosystem
types and actively eroding shoreline zones

Coastal-Freshwater

Arctic Freshwater
Biodiversity
Monitoring Plan

Defined as water having a
salinity of 5 psu

Species migrating between the different
salinity regimes (e.g., salmon) may be subject
to cooperation between the monitoring
groups or allocated to one of the groups after
being discussion and agreement.

4.2 The Importance of Coastal Ecosystems
4.2.1 The Community Connection
There are a wide range of human communities around the circumpolar region, ranging from very small
subsistence-based villages and hamlets to larger towns with extensive marine fishing fleets and a few major urban
centers with deep water shipping and industrial infrastructure. In Arctic Canada, for example, every community
but one is coastal, and this trend continues into the Alaskan Arctic, and across Baffin Bay to Greenland. In Eurasia,
from Chukotka in the east to the fjord communities of Norway in the far west, communities are also largely coastal,
with exceptions among the reindeer herding cultures of the central Russian Arctic and northern Scandinavia.
Whether a subsistence hamlet, fishing village or urban industrial seaport, circumpolar Arctic coastal communities
rely on a range of ecological services provided by the coastal ecosystems in which they are embedded. Many
Arctic coastal communities are remote, small and highly dependent on subsistence hunting and harvest. Healthy
coastal ecosystems are critical for the provision of those harvested species that are so important to community
health and wellness. Other types of coastal communities are those that exist to support nearby resource utilization
projects of varying size and impact. These communities will need to manage the potential impacts of local
industrial development in the context of climate-driven change to develop successful adaptation approaches.
Because coastal communities are and will continue to be directly and indirectly impacted by climate change
and accelerating industrial development, it is critical that these same communities be engaged and mobilized
to help with the design and implementation of the Coastal Plan through the engagement of TK and LK, and the
application of a range of community-based monitoring approaches. The sustained engagement and participation
of communities and Indigenous peoples and their knowledge will support and ensure the effectiveness of the
premise of successful knowledge to policy translation.

4.2.2 Industrial Development and Shipping
A general reduction in multi-year sea ice and a longer ice-free season are providing greater access to Arctic
shipping lanes and travel to Arctic coastal locations. This creates new opportunities for previously inaccessible
natural resource development and provides more economic opportunities to transport products from inlandbased sites to southern markets and processing facilities. In addition to traditional community resupply traffic,
almost all northern waters are experiencing increases in tourism-based shipping and adventurers as the sea ice
season declines. Ports are critical components of coastal industrial infrastructure and are essential for getting
resources out of the Arctic to southern markets, and new port facilities are planned in Nuuk and Nunavut, among
others.
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An increase in the number and size of ships utilizing Arctic waters could result in negative impacts on Arctic coasts.
Local residents express concern for the social, cultural and environmental effects of such expansion including oil
(and chemical) spills, noise/disturbance over and under water, and garbage (including organics). A worst-case
event was the 1989 Exxon Valdez spill that occurred in Alaska’s Prince William Sound and impacted livelihoods
and ecosystems in the region for decades. Effects on fish and coastal-dependent species were widespread and
recovery slow in frigid northern waters (EVOST 2015). Smaller and more frequent incidents involving loss of fuel
or cargo are already occurring and can be expected to increase. The impacts of such events will be exacerbated by
the remoteness of Arctic coasts, poor navigational and emergency response infrastructure, and inclement weather.
Another well-identified threat is the introduction of potentially invasive species by direct transfer of southern
marine organisms to northern oceans in ship ballast water. As climate warms, local conditions become habitable
for an increasing number of marine and estuarine organisms from farther south that could affect local food webs
in ways that are complex and largely unknown (CAFF, 2013a).
Given these potential threats to coastal biodiversity that could result from increasd Arctic shipping activities and
its related infrastructure, it is important both for industrial proponents and for those mandated or relying on the
sustaining of Arctic coastal biodiversity that we establish a coordinated monitoring and reporting system that can
track evolving issues and provide an ongoing assessment of any impacts of shipping and other industrial activities.

4.2.3 Fisheries
The Arctic supports commercial fisheries in several regions, including northern Norway, the south-eastern Bering
Sea in Alaska, and in the Labrador Sea, Davis Strait, and Baffin Bay. Marine fish populations that support regional
fisheries are being altered in various and complex ways that are poorly understood at this time (e.g., changes
in the distribution and abundance of target species are being associated with changes in temperature/salinity,
oceanographic processes, and ecosystem condition, or the potential decoupling of bentho-pelagic systems
over shelf waters). For much of the Arctic, fishing occurs at a subsistence scale and is largely based on coastal
populations like char and whitefish that migrate between freshwater lakes where they overwinter and nearshore marine systems during the summer. However, in Greenland, there is an extensive commercial fishery on
the Greenland halibut (Reinhardtius hippoglossoides), that live in deep fjords often with glaciers in the head and
migrate to off shore deep spawning grounds in the Davis Strait or Denmark Strait (Frederiksen et al. 2012). These
fisheries may change as Arctic coastal ecosystems change, and proper management of evolving subsistence
and commercial fisheries will depend on strategic research and sustained monitoring. Knowledge from local
fisheries experts can help determine system drivers on population dynamics, accurately assess productivity and
harvest levels, reliably predict system changes, and thus support the long term sustainability of larger commercial
ventures, as well as local, community-based, small boat fisheries.

4.2.4 Conservation
As detailed above, the complex atmospheric, marine, freshwater, and terrestrial system interactions that
characterize the Arctic coastal domain result in localized coastal ecosystems with much higher productivity than
adjacent marine, freshwater and tundra ecosystems. Coastal processes of erosion and deposition create nutrient
rich coastal wetlands and estuaries that support important populations of nesting and migratory waterfowl and
shorebirds. Similarly, coastal marine systems are enriched by inputs from discharging rivers, eroding shorelines,
and oceanographic upwelling to provide nutrients to coastal food webs that support important habitat for marine
mammals and fish. Coastal cliffs support large seabird colonies throughout the circumpolar Arctic, and those avian
colonies are often supported by productive coastal fish populations. These unique characteristics illustrate why,
and support the understanding that, coastal ecosystems are extremely important for Arctic and global biodiversity,
and to subsistence communities through the Arctic that rely largely on the availability of coastal species for food
security.
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4.3 Climate Change and Coastal Ecosystems
Changes in Arctic climate are well documented, as are the generalized effects of these changes, including
decreases in sea ice extent, thickness and duration, increases in precipitation and river discharge, contracted
snow seasons, warming soils and thawing permafrost, and increasing sea levels—changes that will directly and
indirectly impact coastal ecosystems. For example, a combination of climate-related factors creates a ’perfect
storm’ of interacting drivers that can exponentially increase the rate of shoreline erosion in coastal areas with
soft, ice-rich sediments, e.g., those of the Beaufort, Eastern Siberian, and Laptev seas. Warming soils and thawing
permafrost erode more easily and through both thermal and direct erosion. Erosional force is increased by
stronger and more frequent storms that are occurring over warmer water and, due to reduced sea ice cover, can
have larger waves that build over the longer fetch. In the past, the waves of fall storms were usually blunted by
shore-fast ice. Now that shore-fast ice develops later in the season, the waves of fall storms impact the coast
more directly and frequently. The productivity and composition of coastal wetlands and estuaries is also by the
combined effects of flooding, sedimentation and erosion by both fresh and saline waters. Important shifts in the
ecological communities in coastal estuaries and wetlands occur over very small elevation gradients, so predicted
changes in sediment deposition, erosion, and sea level rise may have important but largely unpredictable impacts
on these important ecosystems. All of these changes impact communities directly through increased difficulty
in traveling over sea, lake and river ice, through reduced availability of subsistence species, and through direct
destruction of community and industrial infrastructure, cultural artifacts, and sacred places.
The relationship between the productivity of coastal marine ecosystems and many factors predicted to change
in response to a warming atmosphere means that climate change and related effects will directly and indirectly
affect coastal marine systems. The direct effects of warmer fresh and marine water entering the coastal system, the
indirect effects of changing sea ice duration and character and changes in organic inputs from accelerated coastal
erosion and river discharge all have the potential to drive change in coastal systems. These complex climate-driven
changes to coastal systems may be enhanced or complicated by the potential effects of increased shipping, oil and
gas exploitation, and the accelerated development of coastal infrastructure.
The complex and interacting effects of these numerous environmental processes and other drivers make it very
difficult to understand and predict the potential outcomes for Arctic biodiversity. This complexity points out the
critical role that coordinated and strategic monitoring and research can play in understanding and anticipating
changes in coastal systems as the effects of climate change and related industrial activities increase across the
circumpolar Arctic.
Susse Wegeberg of the Coastal Expert Monitoring Group sampling coastal biodiversity along transects in Disko Fjord to map the tidal zone at five
locations from Cape Farewell to Upernavik, Greenland. Photo: Peter Bondo Christensen/Aarhus University
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5. Monitoring
As stated above, the first iteration of the Coastal Plan will be developed from existing coastal monitoring programs
and capacity and will build on suitable programs identified in the process to inventory existing coastal monitoring
programs. A second important objective of the Coastal Plan is to summarize the range of threats and drivers
impacting or potentially impacting Arctic coastal biodiversity and, through comparison to the existing monitoring,
identify key gaps and shortcomings of existing programs.
Monitoring the status and trends for biodiversity on different spatial scales, in different ecosystems and for various
ecosystem components calls for a high degree of method standardization to adequately incorporate numerous
and diverse monitoring activities and data sets. Noss (1990) suggested monitoring biodiversity with a hierarchical
approach to encompass the multiple levels of biological organization: regional [landscape] coastal segment,
community-ecosystem, population-species, and genetic. The methods described below are intended to provide
an overview of biodiversity monitoring methods we may include in the Coastal Plan at these different hierarchical
levels. These monitoring methods are used in many of the ongoing coastal monitoring programs and can serve as
base for the network of monitoring networks that will be developed in the Coastal Plan.

5.1 Monitoring Methods
5.1.1 Traditional Knowledge Monitoring
Arctic Indigenous peoples have used Traditional Knowledge (TK) to make daily and long-term decisions
throughout their history. TK has remained in the hands of community members over generations. Children are
taught from the beginning of life about the world around them using an evolving knowledge system, keen senses,
and constant observation of the ecosystem.
TK monitoring methods are rooted in daily activities, such as hunting caribou or gathering sura (diamond-leaf
willow). Acquiring information about the local environment and being aware of changes that are occurring across
space and time are crucial skills for maintaining food security and overall survival (ICC-A 2015a). This influences
what questions are asked and what information has to be taken in through monitoring. For example, TK tends to
ask questions about the ecosystem in which an animal is found, behavior of the animal, and its interaction with the
environment before taking note of any anomalies (ICC-A 2015b).
Within TK, monitoring and decision-making is based on relationships between components and interactions
between integrated descriptions of the environment, as opposed to single aspects of it. The Inuit Circumpolar
Council (ICC)-Alaska food security project reinforces this concept, showing that Inuit observations are not isolated
within a single species or abiotic system, but identify multiple connections within each observation. For example,
when considering walrus, there will also be a discussion about ice thickness, currents, salinity levels, walrus
stomach contents, and the social aspects of collecting or not obtaining walrus. This food security approach to
monitoring the environment and understanding a strong linkage between all systems may be described as being
synonymous with taking an ecosystem approach to research (ICC-A 2015b). Key elements monitored in TK include
phenological changes, food webs, social shifts in relation to changes, and amount of effort applied to gathering
food.
The TK focus on relationships between animals, plants, water, air, culture and all other systems is reflective of
thoughts found within a socio-ecological systems approach. Within this approach, all system elements are viewed
in the context of all other elements. Through workshops to develop the Coastal Plan, participants will strive to
create a co-production of knowledge platform that engages both TK and science within a socio-ecological systems
model.

5.1.2 Community Based Monitoring
Community-based monitoring (CBM) refers to observation and measurement activities that involve the
participation of community members and are designed to learn about ecological and social factors affecting a
community. CBM may range from monitoring activities carried out and reported entirely by community members
or LK holders, to scientific research involving local community members (citizen science), with many gradations
along this range (Danielson et. al., 2014). While CBM has gained considerable momentum in the last decade, it
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is not a new concept. In addition to potentially lowering costs of monitoring and research and increasing access
to remote areas, accessing volunteers and/or creating local employment can help to build bridges between
community members and scientists and encourage community awareness and ownership.
Many types of CBM plans exist, such as those that aim to gain baseline data, that comply with government
regulations, or that are designed to detect changes, and may, or may not, consider the information or
methodologies found within both TK, LK or western science in the formulation of monitoring questions or designs.
Effective CBM plans are collaboratively designed, flexible, adaptable, and are implemented to address locally
determined information needs and provide contextual data for more informed decision-making. CBM is therefore
most effective when it adopts a bottom-up approach. Utilizing CBM as a key delivery mechanism, the Coastal Plan
can help generate high quality qualitative and quantitative observations and would be based on both scientific, LK
and TK methodologies that address relevant questions of all knowledge holders and community needs.

5.1.3 Site-Based Monitoring
Site-based monitoring includes investigating a suite of ecosystem parameters at a random or selected site. Data
collection at sites is determined by existing sampling schedules and time intervals in monitoring of status and
trends and process drivers as well as changes in Arctic coastal biodiversity over time.
In some cases, spatial variability leads to monitoring strategies with statistical needs for allocating resources
towards many replicates (e.g., sites) based on a more limited number of parameters and/or a lesser intense data
sampling frequency. For establishing status and trends and identifying drivers for areas/species, more intensive
monitoring may be required. However, potential approaches to integrating and harmonizing monitoring programs
need to be coordinated and data and information collection must be standardized.

5.1.4 Species-Based Monitoring
Species-based monitoring is relevant when focusing on elements of biodiversity not necessarily connected to
specific sites, such as migrating species. Species-specific or populations-based monitoring can include:

►►
►►
►►
►►
►►

monitoring key species of an ecosystem;
species that are indicative of specific drivers;
species that are important local resources for commercial or subsistence purposes;
rare or threatened species (listed species); or
alien/invasive species

Species-based monitoring includes data on population size and distribution for assessing status and trends for a
specific species. Data sampling may include:

►►
►►
►►
►►
►►
►►

counting surveys
satellite tracking
passive samplers and traps
local knowledge
Traditional knowledge
genetic methods for species*

*As much as possible, monitoring utilizing barcoding will be included.
Indicators for trends in population size and distribution may also include body condition, egg production, and
reproductive success.

5.1.5 Remote Sensing
Remote sensing is a set of monitoring tools that will be incorporated into the Coastal Plan, where possible, to
provide information at a range of scales (centimeters to kilometers). Synoptic satellite spatial and temporal
information can be generated for both biotic and abiotic parameters and provides useful information on
monitoring indicators and environmental drivers alike. Remote sensing observations can also support modeling
efforts, particularly those that are geospatially-based. Fine spatial resolution remote sensing data combined with
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on-the-ground sampling can also be combined to better interpret coarse resolution (1 kilometer) satellite data
so that Arctic-wide classifications are possible. Combining ground sampling with remote sensing observations
provides insight into how to put detailed ground measurements into a regional context.
Monitoring activities will take advantage of remote sensing technologies where available, such as vegetation type,
indices (NDVI, EVI, etc.), phenology (start, end, duration of growing season), and leaf area index (LAI), and provide
important information on abiotic drivers such as temperature, cloud cover, snow cover, soil moisture, active layer,
land cover, anthropogenic change, hydrology and freeze-thaw cycles. CAFF has already made available a number
of different remotely sensed parameters under the Land Cover Change Index (see Appendix 1).

5.2 Sampling Design
When considered for integration into the Coastal Plan, priority will be given to ongoing monitoring programs
following a well thought out and statistically valid sampling design. The proposed sampling design will be relevant
to the key element in question and may vary among the selected key elements.
Where new monitoring programs are initiated, a sampling design for monitoring data collection should be, as
much as possible, based on an unbiased, random probability (all locations have some, but potentially unequal,
probability of being sampled), stratified, and scalable methodology, and should be targeted at specific questions
of interest with careful consideration of how the data will be analyzed and used. Any final sample design related to
the Coastal Plan will include:
1.
2.
3.
4.

determining final study area and sampling strata required to address questions and associated
objectives;
generating sample locations (and backup points) via an unbiased, random probability, stratified, scalable
sampling methodology;
defining/documenting decision rules for when sample points will not be included (e.g., dangerous to
access) and how to replace an abandoned location with another sample point; and
determining an optimized collection approach to specify which of the samples will be collected via “field”
versus “image” (i.e., remote sensing) visits.

Given the vast and mostly inaccessible areas of Arctic coasts, it is not possible to implement ideal experimental
designs in all situations and in all locations. For example, if we consider that the sample domain for Greenland,
Canada, the U.S. or Russia would include their entire Arctic coastlines, a random or even stratified-random design
will be impossible and unsustainable, even for a complete Coastal Plan. For all of these reasons, it is more likey we
will target areas that are accessible or otherwise important (i.e., near a community, or of special importance such
as rapidly eroding shore or important habitat).

6. Data Management
Effective and efficient data management is fundamental to the success of the Coastal Plan. A measure of success
will be the ability to effectively connect individual partners, networks, and indicator-development efforts into a
coordinated data-management system that facilitates data access and effectively communicates Arctic biodiversity
status and trends to a wide range of audiences and stakeholders. Executed correctly, data management can fulfill
the following functions:
►► Quality Assurance
►► Efficiency
►► Sustainability
►► Communications
►► Linkages
►► Credibility
The Coastal Plan will utilize the Arctic Biodiversity Data Service (ABDS), the CAFF working group’s online,
interoperable and circumpolar data management system. The ABDS is an efficient and user-friendly metadata
and data management system that facilitates collaboration, providing multiple benefits and offering unique
opportunities for monitoring networks to exchange data, draw comparisons between data sets, and correlate
biodiversity data with data derived from other networks using a common web-based platform. The ABDS will
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allow users to access, integrate, analyze and display biodiversity information for scientists, practitioners, managers,
policy makers and others working to understand, conserve and manage the Arctic’s wildlife and ecosystems. This
system allows for the combination of geo-referenced data at various spatial, temporal, and taxonomic scales (e.g.,
populations, regions, nations, circumpolar, biomes, habitats) allowing users to explore relationships and factors
driving change. The ABDS provides a dynamic source for up-to-date Arctic biodiversity information and emerging
trends, and serves as a focal point and common platform for all CAFF working group programs and projects.
A new and evolving component of data management is the treatment of TK data, a key component of the
knowledge co-generation approach proposed for the Coastal Plan. TK has been collected in various digital media
in a number of communities across the North, and knowledge holders, communities and Aboriginal governments
and organizations are developing policies around TK security, dissemination and interpretation. The proper and
respectful use of TK for monitoring will require important input from TK holders and indigenous organizations
to develop a process for including TK data in the CEMG process of data collection, storage, interpretation and
dissemination.

7. Assessments, Reporting and other Coastal Plan Outputs
Reporting outputs for the Coastal Plan will include general communications, workshop proceedings,
presentations, performance reports, status reports and scientific publications. CBMP State of Arctic Biodiversity
reports are planned for each of the four monitoring plans.
The first iteration of the State of Arctic Coastal Biodiversity report will describe, where possible, current and/
or historical baseline conditions for chosen FEC Attributes and spatial comparisons, analyze how changes in
biodiversity may be linked to human stressors, and identify gaps in coverage of existing Arctic coastal biodiversity
monitoring programs.
Methods for consideration for the development of the first State of the Arctic Coastal Biodiversity Report may
include assessments of trends and relationships, maps demonstrating distribution shifts or other changes,
development of indices, multivariate ordination, and the creation of temporal and spatial mathematical models.
Given the strong focus for this program on the co-generation of both TK and science-based knowledge, a special
effort will be made towards developing new approaches for assessing TK in the context of science knowledge and
vice versa.
Data from Coastal Plan partners will be integrated where possible, or harmonized where necessary, to provide
assessments of the status, trends, and natural variation in FECs. Many analytical methods are possible across spatial
or temporal scales. Specific methods will be selected as part of the implementation phase and tailored biotic or
ecosystem attributes and parameters under study. Potential analytical methods include:
►► meta-analysis methods that combine results of individual studies using a statistical approach to
generalize results to a broader population or area, and improve the precision and accuracy of estimates.
Meta-analyses are often used in Arctic systems to study observed changes over the pan-Arctic region
because of the low sample sizes of individual studies and huge geographic area under study. For
examples of meta-analyses, see Dormann and Woodin, (2002); Elmendorf et al., (2012), Myers-Smith et al.,
(2011), Rigét et al., (2010), and Rigét et al., (2011).
►► multi-variate analysis, ordination methods, or Permutational Multivariate Analysis of Variance to look at
changes in community structure over time;
►► parametric statistical analyses, such as Analysis of Variance, autoregressive models, or General Additive
Models;
►► calculation of diversity indices or species trend indices;
►► remote sensing discrete classification or fractional land cover change detection (Mouat et al., 1993; Lantz
et al., 2010;Fraser et al., 2011); and,
►► analyses of population genetic structure and phylo-geography, and novel and evolving genetic tools,
where appropriate and when capacity exists, to asses dispersal patterns or changes in these patterns over
time and to understand cause/effect relationships affecting biodiversity and ecosystem function and
structure
Assessments for reporting the state of the various FECs involve a threshold or management target for an FEC
attribute so that the present state can be measured against a desired condition. For example, wildlife populations
are considered threatened when they fall below a certain number, or the area of ecosystems with protected
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status can be compared to targets set through national policies. Other FEC attributes such as the rate of shoreline
erosion or those informed by TK will require consultation to develop meaningful assessment criteria.

8. Next Steps
Next steps in the development of the Coastal Plan, described below in Table 3 and Figure 1, include a CEMG
Workshop to be held in early March 2016 in Ottawa, Canada, a CEMG Writers Workshop to be tentatively held
in late spring 2016 in Iceland and a tentative second CEMG Workshop that may be held in early autumn 2016 if
needed.
Table 3: Timeline for Developing the CBMP Coastal Monitoring Plan
Workshop

Date

Introductory

Location

September 2014

Iceland

Objective
Introductory meeting of CEMG; key objectives to determine ToR
and to decide path forward for Background Paper

September 2014 to
December 2015
First Coastal Expert March 2016
Monitoring Group
Workshop

1. Complete Background Paper
2. Finalize CEMG reps
3. Prepare for first workshop
Canada

Convene experts to:
1. Address scope and scale of Coastal Plan
2. All participants to bring/present a list of ongoing national
initiatives relevant to the Plan, using the template provided
3. Initially identify FECs and attributes
4. Prepare outline for Plan
5. Assign writing tasks and deadlines

January 2016 to
September 2016

1. Prepare first draft of the Plan

CEMG Writing
Workshop
(tentative)

Late spring 2016

Iceland

1. Review progress to date on the Plan
2. Finalize FECs and attributes
3. Discuss/outline Plan implementation

Second Coastal
Expert Monitoring
Group Workshop
(tentative)

Early autumn 2016

Location
TBC

1.
2.
3.
4.

Final Coastal Plan
Final FECs and attributes
Plan forward - Implementation
Organizational structure

Figure 1: Key Milestones in Developing the CBMP Coastal Monitoring Plan
CEMG activated:
1st teleconference

CEMG lead
countries
identified

Spring 2014

Background
paper, draft

CEMG workshop:
Canada

1st CEMG
meeting:
Iceland

Background
paper approved

Sept. 2014

Feb. 2016
Nov. 2015

Arctic Coastal
Biodiversity
Monitoring Plan
1st draft

CEMG workshop:
Iceland (tentative)

CEMG workshop:
Europe (tentative)

Apr. 2016
Mar. 2016

Arctic Coastal
Biodiversity
Monitoring Plan
review

Sept. 2016
Summer 2016

Arctic Coastal
Biodiversity
Monitoring Plan
approved
Winter/
Spring 2017

Late Autumn 2016
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Coastal
processes

Coastline
and river
monitoring

Ecosystem
dynamics
Ground
freezing

Vegetation
mapping.

Coastal Erosion

Coastal
Salinization

Soil moisture

Application

Coastline

Desired Remote
SensingDerived
Product

Salinity

Rate (m/yr)

Location (m)

Parameter
to Measure
(unit)

25km

1m

1m

Precision/
Accuracy

Priority
(High,
Medium,
Low)

Hydrologists
Habitat
Mappers
Biologists
Subsistence
Industry
Medium

Low

Coastal
High
engineers
Local residents
Community
planners

Coastal
High
engineers
Local residents
Community
planners

Stakeholders

Temporal
Scale
Required
(Daily,
Monthly,
Yearly, 5-year,
etc.)

30m

Yearly

High
Decadal
resolution (1/2 (depending
m)
on location),
possibly finer

High
2 years in
resolution (1/2 target sites,
m)
Decadal
(depending
on location),
possibly finer

Spatial Scale
Required

Location

GIS Layer

GIS layer

GIS layer

Form of
Products (GIS
data layers,
maps, etc.)

Appendix 1: Remotely Sensed-Derived Parameters Useful in Coastal and Marine Monitoring

Lack of faith in current
measurements – needs
further validation, esp.
for Arctic; A believable
regional algorithm
would potentially be
very valuable; SMAP will
be useful but at a very
coarse scale; many North
Slope applications would
need finer-resolution
data

No proven capability

Monitoring needed postdisturbance;
Animal tracking

Remarks
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Coastal
Vegetation

Sea Ice

Development
rate,
anthropogenic
footprint,
impacts
on wildlife,
landscape
integrity/
fragmentation

Infrastructure
(land use)

1m

1m

Many

Topography
(DEM)

Parameter
to Measure
(unit)

Habitat
% surface
mapping, flood area
mapping, longterm trends

Application

Surface water
mapping

Desired Remote
SensingDerived
Product

10m

1m

1-30m

Precision/
Accuracy

Stakeholders

Regionally
high

High

High

Priority
(High,
Medium,
Low)

Spatial Scale
Required

5yrs

Temporal
Scale
Required
(Daily,
Monthly,
Yearly, 5-year,
etc.)

Location

Form of
Products (GIS
data layers,
maps, etc.)

Both as a land
cover category and
distinguishing among
classes
Classes within
infrastructure useful for
looking at impacts
Time series, repeat
mapping needed
Improvements in
distinguishing between
bare ground/other land
uses needed
Potential use for highres lidar/radar and
multispectral fusion

The finer resolution
the better; Accuracy/
validation is of high
importance; Repeat
measurements
important, ex. for
permafrost and erosion
applications;
Required across all of
North Slope

More useful in some
contexts than soil
moisture

Remarks
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Oil spills and
surfactants

Shallow water
bathymetry

Coastal water
quality

River mouth ice
characterization

Coastal Habitat

Desired Remote
SensingDerived
Product

Triage (realtime disaster
response)

Ecosystem
health

Long-term

Modeling
storm surge

Coastal
infrastructure

Navigational
safety

Water depth

Monitoring,
flood
modeling,
wildlife
movements

Application

Parameter
to Measure
(unit)

Precision/
Accuracy

Emergency
response
Regulators
Subsistence
users

Mariners
Industry
Emergency
planners
City/borough
planners
Researchers
Modelers
Regulators
Subsistence
users
Fisheries

Stakeholders

High

Medium

Priority
(High,
Medium,
Low)

Spatial Scale
Required

Temporal
Scale
Required
(Daily,
Monthly,
Yearly, 5-year,
etc.)

Location

Form of
Products (GIS
data layers,
maps, etc.)

-Right now SAR data
is expensive with
inadequate temporal
coverage (dearth of
sensors)
-Problems detecting oil
in / under ice

Need more of it
-Cheaper
-Limited by water clarity

Freeze/thaw, freeze-up/
breakup timing & trends
important

Remarks
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