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The North Slope Science Initiative (NSSI) was developed by federal, state, local, and Alaska Native 
entities with resource management responsibilities for the North Slope and adjacent Chukchi 
and Beaufort Seas.  Formally authorized under the Energy Policy Act of 2005 (Section 348)
(Public Law 109-58), its purpose is “to implement efforts to coordinate collection of scientific 
data that will provide a better understanding of the terrestrial, aquatic, and marine ecosystems 
of the North Slope of Alaska.”  The first statutorily listed objective for the NSSI is to “identify and 
prioritize information needs for inventory, monitoring, and research activities to address the 
individual and cumulative effects of past, ongoing, and anticipated development activities and 
environmental change on the North Slope.”

The NSSI is aided in its mission by a Science Technical Advisory Panel (STAP) comprised of a 
diverse cross-section of societal sectors and professional expertise. In an early effort to use 
this expertise to address NSSI member science needs, the STAP, assisted by senior staff from 
NSSI member agencies, analyzed a series of major areas of resource management concern (for 
example, hydrology, erosion, increasing marine activity, socioeconomic dimensions, species of 
interest [caribou, fisheries, migratory birds, and marine mammals] and many others). This effort 
produced a series of Emerging Issue Summaries (http://northslope.org/issues) that analyzed 
the state of the science and assessed research and monitoring needs on these issues at that 
time. However, the STAP concluded that an overarching priority for NSSI would be to undertake 
a systematic assessment of the range of potential development scenarios in a manner that 
would contribute to refinement of specific future research priorities.

The use of scenarios, an approach recommended in the “Managing for the Future in a Rapidly 
Changing Arctic: A Report to the President” (Clement et al. 2013), is a deliberative and inclusive 
process that helps engage diverse stakeholders in thinking broadly about plausible futures in a 
complex and uncertain environment. Listening to both local knowledge holders and regional or 
issue experts provided direct benefits to NSSI by helping us envision what the future may hold, 
and how that translates into the long-term information that will be needed to make informed 
future management decisions. It is important to emphasize, however, that the scenarios 
identified through this process, while reflecting a plausible range of future conditions, do not 
in any way represent a development plan, nor a desired outcome, and were solely used as 
the basis for exploratory discussions intended to help identify potential future research and 
monitoring priorities.

We would like to thank the members of the North Slope Science Initiative Oversight Group and 
the many participants in the Scenarios Project workshops for their support and contributions.

Dr. Denny Lassuy, Acting Executive Director 
Dr. John Payne, Senior Advisor
North Slope Science Initiative

Preface
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Executive Summary
The future of the U.S. Arctic is difficult to accurately predict, particularly with increasing global energy 
development pressures and a rapidly changing climate. The corresponding changes in this region will 
be highly consequential and have potentially significant implications on the complex socio-ecological, 
biophysical, and human systems of the North Slope and the ecosystems in which culture and subsistence 
resources are embedded. As a result, effective decision-making about research and monitoring of key 
resources is particularly challenging for NSSI member agencies and their partners. Plausible future 
conditions must be considered to manage resources most effectively and develop the most appropriate 
research and monitoring strategies for the future. Scenarios can be used as an effective tool in situations 
of high uncertainty, and allow for the consideration of how management-relevant future science needs 
would change in the context of future activities. The identification and prioritization research and 
monitoring efforts (R&M) are meant to help NSSI member entities track biophysical and socioeconomic 
changes that could result from a broad range of future development conditions in the North Slope and 
adjacent seas.

The NSSI commissioned a scenario project which considered the future of energy and resource 
development and related science needs for the North Slope and adjacent seas. The purpose of this effort 
was to support NSSI member organizations in developing a strategy to move forward on implementing 
specific research and monitoring based on collectively determined recommendations and priorities. The 
North Slope Scenarios are also directly or indirectly relevant to the objectives of many other ongoing 
Arctic initiatives, both within Alaska (Landscape Conservation Cooperatives, Alaska Ocean Observing 
System, North Pacific Research Board and others) and as a complement to international scenarios projects 
(including the Arctic Council’s Arctic Monitoring and Assessment Program). These scenarios help envision 
the potential future state of the socio-ecological systems of the North Slope and adjacent seas through 
2040, and were constructed considering the major driving forces of change and the uncertainties that 
surround them. However, these scenarios do not represent a development plan or preferred outcome; 
they were designed to be used as the basis for discussion of the potential future of the region to help 
best identify and refine specific future research and monitoring priorities.

SCENARIOS PROCESS OVERVIEW
A systematic, locally vetted and science-informed approach was particularly important for understanding 
how these factors may influence the landscape in the future. The scenarios process developed for 
this project placed significant importance on engaging local stakeholders and incorporating local 
traditional, scientific, and other regional or issue knowledge to best represent the complex intersection 
of biophysical and socioeconomic change in the region. Participants included representatives from 
industry, non-governmental organizations, academia, consulting firms, management agencies (federal, 
state, and local), and most particularly, residents of the North Slope communities themselves, who hold 
both a deep understanding of the resources of the North Slope and adjacent seas and who will be the 
most directly affected by future management decisions. The overall process was organized in a series of 
three workshops: Workshop 1 focused on the identification of plausible scenarios, Workshop 2 followed 
up with an analysis of critical implications for each of the scenarios, while Workshop 3 was organized 
around discussion of future research and monitoring priorities for the region. The products of each of 
the workshops were developed in collaborative small group discussions, and informed or served as the 
basis for the subsequent workshops, each building upon the work of prior participants. These products 
included participatory mapping (sketches) and written descriptions of potential changes in the region. 
Further analysis was conducted to evaluate the geographic orientation of specific scenario elements and 
the implications they may have on environmental and human systems in the region.
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GENERAL FINDINGS
The final goal of this project was the identification of key future research and monitoring needs to detect, 
assess, and respond to the identified range of plausible development-driven changes on the North Slope 
and adjacent seas. Participants also identified eight topical subcategories, which guided the final R&M 
discussions: Marine Oil Spills, Marine Mammals—Subsistence, Hunting and Trapping (on land), Health 
and Community Well-Being, Permafrost, Hydrology, Erosion, ESA-Listed species, Decommissioning and 
Reclamation of Infrastructure, and State and Local Tax Revenue. Additional products developed and 
summarized throughout the workshops led to the development and identification of 40 prioritized R&M 
efforts. Participants also narrowed down this list to identify the efforts that were cross-cutting, or could 
serve multiple scenarios. The ranking was based not only on foresight about future data needs, but also 
the overall urgency, relevancy, complexity, and relative cost of tracking specific changes in the terrestrial 
and marine environments of the North Slope. However, these top efforts are not intended to overshadow 
the 40 prioritized efforts that were identified through this process. The full list of R&M efforts can be 
used to highlight commonalities and overlapping needs that will aid NSSI member entities in targeting 
future efforts and allocating resources more effectively as the region continues to change. The following 
represent these top prioritized efforts (listed in no particular order):

•	 Hunting	and	 Trapping	 (on	 Land): Implementation of ecosystem-based habitat status and trends 
monitoring, including site, remote sensing, and community-based methods for terrestrial systems 
that support species used in subsistence hunting and trapping. 

•	 Health	 and	 Community	 Well-Being: Development of Comprehensive Social and Health Impact 
Assessments, including analyses of cumulative effects. 

•	 Permafrost	and	Hydrology: Attainment of high-resolution elevation data.
•	 Marine	Mammals—Subsistence: Documentation of Traditional Knowledge, local knowledge about 

hunting success, hunting areas, and effects/impacts from climate change and industrial activities.
•	 Marine	Oil	Spills: Research on how to respond to oil spills from other users (e.g., cruise ships or fuel 

tankers).

In general, participants favored the subcategories associated with subsistence harvest (both on land 
and marine mammals) in addition to Health and Community Well-Being. Within this latter subcategory, 
although the complexity and cost of many efforts was identified as a potential challenge, the prioritized 
efforts ranked highly for the timeliness and plausibility of the need. They also scored highly in additional 
criteria describing the level of community engagement and support, as well as the value added by the 
effort. In the Marine Mammals—Subsistence group, each of the five prioritized efforts had consistently 
high rankings in terms of their applicability to multiple scenarios, as well as addressing multiple direct 
implications. For the R&M efforts identified under the Permafrost/Hydrology category, most were specific 
to only one scenario, and the level of existing knowledge was higher; however, the higher plausibility of 
the R&M need and lower complexity of the suggested studies contributed to their higher overall ranking. 

Participants generally identified the need for data collection and research along existing and potential 
future development corridors, as well as within communities and subsistence use areas. Although 
the location and extent of R&M efforts will vary depending on the trajectory of resource and energy 
development through 2040, areas where future work should be concentrated can be estimated by 
linking R&M priorities back to the specific mapped implications to which they are responding.

While the effects of climate change were not explicitly evaluated in this project, it was a cross-cutting 
consideration in many of the implication subcategories, and its importance was highlighted by many 
stakeholders during the workshops. As environmental conditions change and new trajectories for energy 
and resource development emerge, it may indicate the need to update the scenarios and corresponding 
research and monitoring priorities. This first scenarios process for the North Slope provides a baseline 
and framework for any future efforts that may be required.
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1.1. Project Overview
The North Slope of Alaska and its surrounding seas encompass 
a vast area with many natural resources, including numerous 
migratory and resident species and unique ecosystems 
that face challenges from both development pressures and 
environmental change. It is also home to Native Iñupiat 
communities with a rich cultural heritage and strong ties to 
the land, sea, and ice. Resource management responsibilities 
on the North Slope are shared by federal, state, local, and 
Alaska Native entities. Taking a coordinated and science-
based approach to inform decision-making is facilitated 
through their membership and participation in the North 
Slope Science Initiative (NSSI). 

The NSSI was established as a collaborative organization 
that brings together resource managers from entities with 
trust responsibilities for land and ocean management, with 
a purpose of implementing “efforts to coordinate collection 
of scientific data that will provide a better understanding 
of the terrestrial, aquatic, and marine ecosystems of the 
North Slope of Alaska” (U.S. Energy Policy Act of 2005, Sec. 
348)(Public Law 109-58). In recent years, the combined 
effects of environmental change and increasing resource 
development interests in the Arctic have been recognized 
as having potentially significant implications on people 
and the ecosystems in which their culture and subsistence 
resources are embedded. The need for these implications to 
be addressed through locally vetted and science-informed 
management decisions has also been recognized. The complex 
intersection of biophysical and socioeconomic change is an 
important consideration for resource management agencies 
and a systematic, locally vetted and science-informed 

approach is particularly important for understanding how 
these factors may influence the landscape in the future. 
The NSSI Scenarios Project was envisioned to help resource 
managers, North Slope residents, and other stakeholders 
combine their expertise and knowledge to synthesize 
information and build a joint understanding of plausible 
futures of resource development on the North Slope and 
adjacent seas. Participants in this process discussed the 
outcomes of these scenarios to achieve the purpose of 
informing future investments in research and monitoring in 
the region. A series of workshops, each building on the input 
and results from the previous workshop and the supporting 
analyses, were conducted to encourage knowledge sharing 
and allowed opportunities for gathering and synthesizing 
information. This process included a broad range of complex 
environmental and socioeconomic factors, engaged with a 
diverse group of experts and knowledge holders, and built on 
significant previous efforts and collaboration by NSSI member 
entities. Not only did the process and final outcomes benefit 
from the input of each workshop participant, but many of 
those in attendance also acknowledged the great value of the 
discussions and the connections made as part of the project. 
It is important to emphasize that the scenarios identified 
through this collective effort, while reflecting a plausible 
range of future conditions in the region through 2040, do 
not in any way represent a development plan nor a desired 
outcome, and were solely used as the basis for exploratory 
discussions that were intended to identify future research 
and monitoring priorities.

Chapter 1 
Introduction
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Table 1. List	of	Emerging	Issue	Summaries	and	year	of	release

1.2. Background
With guidance from the NSSI Oversight Group, an extensive 
review of important management questions for North Slope 
ecosystems and the state of knowledge to address these 
information needs was undertaken by the North Slope 
Science Initiative’s Science Technical Advisory Panel (STAP) 
and Senior Staff Committee (SSC). This effort resulted in a 
series of 13 Emerging Issue Summaries that were released 
in 2009 (with some revisions in 2010) and updated in 2014 
with the addition of 3 new summaries (http://northslope.
org/issues/) for a total of 16. These summaries provided an 
expert analysis of known management information needs 
with a synthesized assessment of current monitoring efforts 
and future research recommendations for each of the 16 
key emerging issues (Table 1). However, this effort did not 
provide NSSI member agencies with a strategy or common 
priorities to move forward on implementing specific research 
and monitoring recommendations that emerged from this 
comprehensive analysis.

A key follow-up activity recommended by the NSSI STAP and 
SSC to the NSSI Oversight Group was to undertake a systematic 
assessment of the range of potential development scenarios 
in a manner that would contribute to the refinement of 
specific future research priorities (Streever et al. 2011). A 
summary of the existing knowledge gaps highlighted complex 
connections between the types of information needed to 
better understand North Slope ecosystems. However, the 
NSSI STAP and SSC also recognized that a different process was 
required to consider how management information needs 
would change in the context of future resource development 
activities that could not be predicted. The scenarios process 
was suggested as a potentially effective and participatory 
approach to consider how resource development both 
onshore and offshore of the North Slope could change the 
land and seascapes and affect the information needed by 
NSSI member agencies to effectively manage resources in an 
efficient and responsible manner. 

One of the key strengths of the scenarios process is that it 
uses an approach that more fully considers a broad range 
of plausible futures. While no single scenario is expected to 
reliably forecast the future, by considering a range of plausible 
futures it was anticipated that decision-making for research 
and monitoring would be more robust and less reactive to 
current resource development or exploration plans, or any 
short-term economic trends that influence industry activities 
on Alaska’s North Slope. 

Since the beginning of the NSSI Scenarios Project in 2014, 
there has been a significant drop in the price of oil that has 
affected the intensity of resource development activities on 
the North Slope and adjacent Chukchi and Beaufort Seas. 

Topic
Year initially 

released

Weather and climate 2009

Increasing marine activity 2009

Changing sea ice conditions 2009

Permafrost 2009

Coastal and riverine erosion 2009

Hydrology and lake drying 2009

Coastal salinization 2009

Social and economic dimensions of 
North Slope communities

2014

Contaminants 2009

Fire regime 2009

Vegetation change 2009

Rehabilitation and restoration of 
disturbed tundra

2014

Migratory birds 2009

Caribou 2009

Marine mammals and their prey 2009

Fisheries 2014
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When considered with other factors, this has resulted in 
a notable change in exploration and potential short-term 
resource development activities, especially in Alaska’s Arctic 
offshore environment. Such a turn of events emphasized the 
value of taking a scenarios approach that considered both 
potential increases and decreases in resource development 
activities to analyze and provide recommendations for future 
investments in research and monitoring activities.

1.3.�Project�goals�and�focal�question
The NSSI Oversight Group defined the specific focal question 
for the NSSI Scenarios Project, along with selecting a suitable 
time horizon to help limit the range of plausible scenarios 
that would be identified. The focal question was used to 
guide the identification of the scenarios, helped shape the 
activities of the workshops, and informed the overall goal of 
the project. The overarching goal of the project maintained its 
focus on identifying a range of plausible scenarios of resource 
development that could help inform research and monitoring 
needs on the North Slope and adjacent seas. 

In support of the primary goal for the NSSI Scenarios 
Project, a series of secondary objectives were established 
to ensure a systematic and inclusive method for conducting 
a participatory scenarios process that encouraged dialogue 
among diverse stakeholders:

1. Engage a range of experts and stakeholders, and 
encourage cooperative exploration in the process of 
identifying plausible development scenarios;

2. Identify and provide supporting information on the 
current state of knowledge of key drivers of change that 
could affect future resource development activities; and,

“What	is	the	future	of	energy	
development,	resource	

extraction	and	associated	
support	activities	on	the	North	

Slope	and	adjacent	seas,	
through	2040?”	

3. Provide visual data products representing the combined 
discussion on the spatial component of the scenarios of 
plausible resource development.

The participatory approach used in the NSSI Scenarios Project 
required a process that built trust among participants and 
transparency in the process to ensure that results reported 
at project completion represented the combined knowledge 
of workshop participants and expert consultants.
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1.4. Study region and history of 
resource development
The boundaries of the study region encompass the lands 
north of the crest of the Brooks Range plus the state-managed 
nearshore and federally-managed offshore waters of the 
Chukchi and Beaufort Seas. This reflects a consideration of 
administrative and management interests of NSSI member 
agencies, and also includes consideration of ecosystem-
relevant boundaries and ongoing resource development 
activities on the North Slope. All of the communities within 
the North Slope Borough were included in the study area, and 
the community of Kivalina was also included as part of the 
study region, thus extending the boundary in the southwest 
to include a small section of the Northwest Arctic Borough 
as well. The total study area on land and sea encompasses 
approximately 294,000 square miles (761,000 km2). From 
a jurisdictional perspective, the region includes extensive 

federal lands, including portions of the Arctic National Wildlife 
Refuge (ANWR), Gates of the Arctic National Park & Preserve, 
and the entire National Petroleum Reserve—Alaska (NPR-A) 
(as shown in Figure 1). Alaska Native corporation lands and 
state lands also represent a significant portion of the study 
region, parts of which have been sites of energy and resource 
development activities, including the Greater Prudhoe Bay 
area.

The terrestrial areas of the North Slope study region can 
be broadly classified as Arctic tundra, and can be further 
distinguished into three ecoregions on land that are linked 
by similar climate parameters, vegetation, dominant wildlife, 
topography, and geologic features (Nowacki et al. 2001): 
coastal plain, Brooks foothills, and the Brooks Range. Each 
ecoregion extends approximately east to west across the 
landscape. The marine portion of the study area is broadly 
distinguished as the Beaufort and Chukchi Seas, which have 
been defined as separate ecoregions based on species 

Figure 1. Boundaries	of	study	region	with	primary	land	ownership	and	locations	of	
communities
(Source:	ADNR,	2006)
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composition and a suite of oceanographic and topographic 
features that help to characterize coastal and shelf waters 
(Spalding et al. 2007). The role of sea ice is also important in 
shaping shallow marine topography, regulating the timing of 
primary productivity, and influencing when migratory marine 
mammals are able to travel to summer foraging grounds, 
but has not been explicitly used to characterize marine 
ecoregions. The ecoregions that comprise the study region 
are presented in the map below (Figure 2) and are described 
as follows:

Coastal Plain: The northernmost terrestrial ecoregion is the 
coastal plain that extends from the shoreline to the foothills 
of the Brooks Range. It is a treeless area with dominant 
wetland-associated vegetation including wet sedge tundra, 
tussock tundra, and sedge dwarf tundra, as confirmed 
through previous land cover mapping efforts (NSSI/Ducks 
Unlimited 2013). Most of the northern coastal communities 
are found within this ecoregion, including Point Lay, 
Wainwright, Atqasuk, Barrow, Nuiqsut, and Kaktovik, which 
highlights the importance of this region for accessing many 
subsistence species such as caribou (Tuttu) and fish, such 
as broad whitefish (Aanaakłiq), burbot (Tittaaliq) and Arctic 
cisco (Qaaktaq). This ecoregion receives most of its limited 
precipitation as snow during the winter months. The terrain 
is primarily flat, and underlain with continuous permafrost. 
Many of the landscape features are shaped by the presence 

of permafrost and related freeze-thaw processes that help 
in the formation of wetlands with numerous thaw lakes and 
patterned surfaces of ice-wedge polygons. The coastal plain 
is also important for many migratory birds, with Important 
Bird Areas identified for species such as spectacled eiders, 
waterfowl, shorebirds, and snow geese (Holland-Bartels and 
Pierce 2011). 

Brooks Foothills: Undulating topography in this region is one 
feature that distinguishes it from the flat terrain of the coastal 
plain. The landscape includes hills, valleys, and moraines, 
coupled with a dry polar climate and continuous permafrost. 
Rivers and streams are common in this ecoregion, but with 
a notable lack of thaw lakes. River-associated vegetation 
includes willow thickets and shrub-sedge tussock tundra, with 
dominant ridge vegetation such as Dryas tundra (McTeague 
et al. 2015, NSSI/Ducks Unlimited 2013). The communities of 
Point Hope and Kivalina are included within this ecoregion. 
Freshwater fish such as Arctic grayling (Sulukpaugaq), 
migrating caribou (Tuttu) and fur-bearing species such as gray 
wolves (Amaģuq) and grizzly bears (Akłak) may be important 
resources for communities.

Brooks Range: Steep terrain, particularly in the central section 
of the Brooks Range, characterizes a significant section of this 
ecoregion. Species such as Dall sheep (Imnaiq), marmots 
(Siksrikpak) and gray wolves (Amaģuq) may be found here, 

Figure 2. Ecoregions	within	the	study	area	of	the	North	Slope
(Source:	Jorgenson,	M.	T.	and	J.	Grunblatt.	2013)
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along with some fish, such as Arctic grayling (Sulukpaugaq) 
(McTeague et al. 2015). Rivers that flow through here carve 
out narrow ravines, where river-associated vegetation may 
include willow thickets and mixed shrub-sedge tussock 
tundra. Vegetation at a higher elevation may include alpine 
tundra or may be absent altogether. The village of Anaktuvuk 
Pass is the only community in the study area that is part of 
this ecoregion.

Chukchi Sea: The Chukchi Sea has a broad continental shelf 
with generally shallow water (less than 330 feet [100 m]) 
south of 74°N. The general pattern of currents in the Chukchi 
Sea is a northward flow from the Bering Sea through the 
Bering Strait, which is driven by a difference in sea level 
between the Bering Sea and the Arctic Ocean. Anadyr Water 
brings cold, saline, nutrient-rich water northward into the 
Chukchi Sea through the Anadyr Strait, west of St. Lawrence 
Island. Separate water masses, including Alaska Coastal 
Water bring low-salinity water from the Gulf of Alaska along 
the Alaska coast northwards,  and Bering Shelf water brings 
water with intermediate salinity northwards1 along both sides 
of St. Lawrence Island. These waters influence the pattern of 
nutrients and influx of plankton into the Chukchi Sea. Other 
seasonally varying currents may influence the distribution 
of benthic species and subsequently the maintenance of 
benthic foraging hotspots for marine mammals, such as the 
shallow Hanna Shoal area. Other marine species, including 
beluga (Qiļalugaq) and bowhead whales (Agviq), are also 
found in the Chukchi Sea.

Beaufort Sea: The Beaufort Sea has a much narrower 
continental shelf than the Chukchi Sea, with deep waters of 
over 3,300 feet (1,000 m) north of 71°N. The deep bathymetry 
of Barrow Canyon acts as a distinct feature that helps to mark 
the boundary between the Chukchi and Beaufort Seas. The 
general oceanography of this region has been described 
(Weingartner et al. 2008), but ongoing studies continue to 
reveal seasonal and small-scale patterns in currents and water 
masses that may also influence the distribution of species in 
the ecoregion. In general, Pacific Ocean water flows through 
Barrow Canyon as it exits the Chukchi Sea shelf. Offshore, 
between the continental shelf and slope, the wind-driven 
Beaufort Gyre brings an upper layer of water westward, with 
an underlying eastward flow of water beneath the surface. 
The discharge of the MacKenzie River into the Beaufort Sea 
is also a significant source of freshwater and sediment into 
this region. Off the coast, barrier islands act as important 
habitat for many species, including denning sites for polar 
1  Holland-Bartels, L., B. Pierce, (eds). 2011. An evaluation of the science 
needs to inform decisions on Outer Continental Shelf energy development 
in the Chukchi and Beaufort Seas, Alaska: U.S. Geological Survey Circular. 
1370, 278. and Woodgate, R.A., K. Aagaard, T.J. Weingartner. 2005. A year 
in the physical oceanography of the Chukchi Sea: Moored measurements 
from autumn 1990–1991. Deep Sea Research Part II: Topical Studies in 
Oceanography, 52(24), 3116-3149.

bears (Nanuq). In addition, bowhead whales (Agviq) migrate 
through this sea in the spring and fall.

SUMMARy OF RESOURCE DEVELOPMENT 
ACTIVITIES ON THE NORTH SLOPE
Activities related to prospective energy resources in Arctic 
Alaska began in earnest in 1923 with the establishment of the 
Naval Petroleum Reserve #4, initially set up as an emergency 
supply of oil for the U.S. Navy. The land area encompassed 
22.8 million acres (9.2 million hectares), and early activities 
included the drilling of over 90 exploratory, monitoring, or 
core test wells between 1944 and 1952 (BLM Alaska). This 
resulted in the discovery of eight small oil and gas fields, 
including the Umiat oil field, and a small gas field at Barrow 
(National Petroleum Council, 2015; BLM Alaska). In 1976, this 
reserve became the National Petroleum Reserve—Alaska 
(NPR-A) with administration now led by the Bureau of Land 
Management (BLM) within the Department of the Interior. 
The first BLM lease sale was conducted in 1982, with current 
lease sales offered for the Northwest and Northeast planning 
areas. At present, plans to begin the first production of oil 
on federal lands within NPR-A are being finalized for Greater 
Mooses Tooth Unit 1. 

Although exploratory energy development activities have 
taken place in NPR-A for decades since its establishment, the 
most significant development for the North Slope occurred 
when the largest North American oil field was discovered in 
state-owned land near Prudhoe Bay in June 1968. A lack of 
existing infrastructure, combined with engineering challenges 
of building in Arctic permafrost, environmental concerns, 
and Native land claims (Alaska Native Claims Settlement Act 
of 1971)(Public Law 92-203) played an influential role in the 
timing and sequence of events that eventually led to the 
development of Prudhoe Bay and its supporting infrastructure. 
The construction of 800 miles of overland pipeline linking 
Prudhoe Bay to the port of Valdez was approved in 1973, but 
construction did not commence until 1975. It then continued 
until its completion in 1977. The Dalton Highway, constructed 
generally parallel to the Trans Alaska Pipeline System (TAPS), 
was also a major infrastructure development and it remains 
the primary transportation conduit linking infrastructure in 
Prudhoe Bay to the hub cities of Fairbanks and Anchorage 
and port facilities at Valdez.

Technological innovation played a key role in the 
advancement of techniques to build a pipeline that could 
withstand freeze-thaw processes, protect fragile tundra 
and permafrost environments, and retain its structural 
integrity in the event of forest fires and earthquakes. Other 
technological innovations were needed to develop gravel 
pads, and construct gravel and ice roads that would minimize 
environmental impact and interference with migratory 
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species routes. The high productivity of Prudhoe Bay resulted 
in the most growth in infrastructure between 1968 and 1983, 
and now encompasses a network of infrastructure, including 
over 120 production pads, 7 offshore production islands 
(within state-owned waters three miles from shore) and over 
500 miles (800 km) of roads and causeways (Raynolds et al. 
2014). The existence of major infrastructure in Prudhoe Bay 
supported the development of satellite fields, many of which 
are linked by pipelines to TAPS. These satellite fields include 
the Kuparuk River Unit to the west, which began production 
in 1981, and the Point Thompson unit, which is one of the 
most recently developed and most distant fields east of 
Prudhoe Bay. Towards the eastern-most portion of the study 
area lies the Arctic National Wildlife Refuge (ANWR), which 
is currently closed to all resource development activities. No 
exploration activities have occurred within the boundaries of 
the ANWR since some initial exploration of the 1002 area, 
a section of the refuge within the coastal plain that was 
originally delineated as an area for potential future resource 
development. Since its discovery, Prudhoe Bay has been the 
primary source of production for the North Slope of Alaska, 
and production has helped to generate a significant portion 
of state and local revenue. However, production has been 
declining in recent decades, leading to some uncertainty in 
future energy development activities.

Mining activity in the study region has been minimal, as 
NPR-A is closed to mineral extraction; however, some Native 
Corporation and state lands have potential for coal production. 
No significant port facilities currently exist in the study area, 
but the potential increase in shipping activity related to a 
longer ice-free open water period is likely to influence future 
needs for port and shipping infrastructure. 

In the offshore marine environment of the outer continental 
shelf (OCS), leasing is managed by the Bureau of Ocean 
Energy Management (BOEM, formerly within the Minerals 
Management Service). This area includes almost 63 million 
acres (25 million hectares) for the Chukchi OCS planning area 
and 65 million acres (26 million hectares) in the Beaufort 
OCS planning area. Some areas of the Beaufort and Chukchi 
Sea OCS have been withdrawn from future leasing, including 
areas currently designated as leasing deferral areas by BOEM 
in the 2012–2017 leasing program and the Hanna Shoal 
region within the contours of the 131-foot (40 m) isobath. 

Offshore energy development activities started in 1969 with 
the construction of gravel islands in shallow waters of the 
Beaufort Sea. Early activities occurred mostly close to shore 
(within 1.9 miles [3 km] of the shore) during the 1970s until 
the first federal lease sale was conducted in 1979 for the 
waters of the OCS (National Petroleum Council 2015). Drilling 
activity in the Beaufort Sea OCS started in 1981, and the first 
production in the OCS began in the Beaufort Sea as part of the 

joint state and federal Northstar Unit in 2001. Offshore drilling 
in the Chukchi Sea OCS has not yet resulted in any oil or gas 
production. Between 1989 and 1991, five exploratory wells 
were drilled in the Klondike, Burger, Popcorn, Crackerjack, 
and Diamond prospects in the Chukchi OCS (Holland-Bartels 
& Pierce 2011). Most recently, OCS exploration activities were 
conducted by Shell Oil on their Chukchi Sea lease areas, but a 
withdrawal from continued offshore exploration activities was 
announced in 2015. Despite the current absence of OCS oil 
and gas activity, the increasing open water duration resulting 
from declining seasonal sea ice, and estimates that the Arctic 
continental shelves (including the Chukchi and Beaufort OCS) 
may hold some of the largest prospective areas of petroleum 
hydrocarbons (Gautier et al. 2009), remain important 
considerations for the future potential development of OCS 
energy resources.

1.5. Research approach (spatial)
In order to address the complexity of topics, extensive study 
region, and distribution of resources and activities, it was 
critical to develop a thorough assessment of the geographic 
nature of the biophysical and human systems in the North 
Slope and adjacent seas, both under current conditions and 
in plausible alternative futures. This project leveraged existing 
spatial data and analytical tools, closely integrated with the 
participatory workshop process, to characterize and evaluate 
the possible changes that may occur under a range of energy 
and resource development scenarios. 

The research approach relied on workshop participants 
who applied their scientific, socioeconomic, and traditional 
knowledge in a process that combined collaborative small 
group discussions, participatory mapping, and written 
descriptions of potential changes in the region. Using these 
products, the level of agreement between groups and across 
all participants was assessed, geographic relationships were 
explored, and potential developments and their associated 
implications were quantified through subsequent spatial 
analysis. The approach relied on Geographic Information 
Systems (GIS), which is a computer-based platform 
for organizing, analyzing, and creating cartographic 
representations of geospatial data. Each phase of the spatial 
and quantitative analysis provided a summary of the feedback 
collected from participants and an input into the next round of 
stakeholder engagement, ultimately resulting in a prioritized 
list of future research and monitoring efforts for the NSSI 
and its member organizations. It should be noted that this 
research approach also fully reflects the original intent of the 
NSSI Science Technical Advisory Panel when it recommended 
an inclusive geospatial approach to understanding potential 
development scenarios (Streever et al. 2011).
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2.1. Methodology Summary
A spatially simulated and scenario-driven approach was 
essential to address the ultimate goal of identifying research 
and monitoring priorities that would respond to a range of 
future conditions, driven primarily by energy and resource 
development activities in the North Slope and adjacent seas. 
Decisions about research and monitoring programs are most 
effective when based on plausible expectations about the 
future state of the socio-ecological system. The future of the 
U.S. Arctic is difficult to accurately predict, particularly in an era 
of intense global energy development pressures and a rapidly 
changing climate. The use of scenarios provides stakeholders 
with an opportunity to explore multiple plausible outcomes 
that encompass a range of possibilities (as outlined in Figure 
3). This approach serves as a valuable decision support tool 

in complex situations with high levels of uncertainty, and 
increases the level of buy-in from the organizations involved 
in scenario identification. 

The scenario approach was stakeholder-driven and based on 
the development of a series of spatially simulated scenarios 
that rely on current data and research. The spatial simulation 
allows for the identification and visualization of complex 
interactions that are guided by a set or bundle of consistent 
assumptions, facts, and projections. These can vary along 
multiple dimensions and require topical expertise and 
judgement to be assembled in a useful manner. Ultimately, 
the power of the scenarios process lies in the ability to 
address uncertainty and complexity through the evaluation 
of multiple driving forces and inclusion of participants with 
diverse expertise.

 

Chapter 2 
Project Methodology
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2.1.1. Scenario Process
With any scenarios process, it is critical to define the focus of 
the analysis, as well as the most significant driving forces that 
will influence change within a region. In this case, the NSSI 
defined the focal question that guided the process, as well 
as selecting a subset of 18 topics from a group of previously 
identified emerging issues. These topics represent the driving 
forces or conditions that are collectively expected to have 
the most influence over the trajectory of future energy and 
resource development on the North Slope and adjacent seas 
(Step 1). 

Scenarios are, by design, a flexible exploratory tool that 
provide a framework within which to approach topics with a 
high degree of unpredictability. The identification of key trends 
of energy development, resource extraction, and associated 
support activities that could become challenging variables 
are critical to the understanding of the consequences they 
might have on the region (Step 2). 

Considering all the biophysical and socioeconomic variables 
that could potentially affect the geographic scope and 
intensity of resource development in the region, an almost 
limitless number of scenarios could be considered. Part of the 
process involves defining a limited number of alternatives, 
which usually include two “bracketing” scenarios that define 
the upper and lower bounds of plausible future conditions. 
An intermediate scenario provides a perspective that can 
reflect predictions of what might occur based on current 
or historical trends. In the NSSI scenarios, these three 
alternatives were defined as High, Medium, and Low levels 
of development, which were selected to maintain focus on 
the guiding question while integrating plausible, internally 
consistent and logical assumptions and key trends (local, 
regional, and global) (Step 3).

With the final scenarios constructed, the anticipated effects 
on human activities, infrastructure, or natural systems 
resulting from the changes identified in the selected 
development scenarios were defined. Understanding the 
consequences and implications behind each of the scenarios 
allowed for the comparison of the plausible outcomes and 
helped identify, assess, and prioritize the necessary steps that 
apply to a range of future conditions in the study region (Step 
4). In the context of the focal question for the project, the 
scenario-informed guidance will help make more effective 
decisions and prioritize the kind of research and monitoring 
needed to detect, assess, and respond to the range of 
plausible development-driven changes on the North Slope 
and adjacent seas. 

STAKEHOLDER ENGAGEMENT
The scenario process was developed to include a participant-
driven framework that engaged a diverse cross-section of 
stakeholders through a set of hands-on, interactive workshops. 
These workshops provided a forum for active, equitable, and 
creative discussions of complex socio-ecological systems 
and inherent future uncertainty. Because the participatory 
process was essential to this approach, much of the research 
and analysis focused on providing a common knowledge 
base for workshop attendees, and synthesizing the workshop 
products to ensure their utility for resource managers and 
other decision makers. Because of the broad range of topics 
and expertise required to adequately identify and explore 
the scenarios, it was necessary to develop a participatory 
process that engaged scientists, resource managers, industry 
representatives, and local and traditional knowledge holders 
in a series of integrated activities. 

While not all stakeholders were involved in every phase of the 
project, those invited to participate had multiple opportunities 
to provide feedback on the scenarios and their implications, 
as well as the process itself. Reviewers of the background 
materials ensured that workshop participants entered the 
process with an adequate context and introduction of each 
of the prioritized drivers. Finally, the workshop participants 
themselves had the most active involvement, through their 
feedback during activities, including brainstorming and 
prioritization of scenario implications and R&M efforts, as 
well as through the notes compiled from breakout group 
discussions and feedback received from the workshop 
evaluation forms. In addition, it was important that all voices 
were heard and dissenting opinions recorded in order to 
maintain participant investment throughout the process and 
in the final products.

The range of participant expertise provided interdisciplinary 
brainstorming sessions that benefited the initial phases 
of scenario identification, while the final outcomes of the 
process leveraged specialized knowledge to explore scenario 
implications in a more targeted way.

WORKSHOPS
This approach was implemented throughout the NSSI 
Scenarios Project through a series of three workshops. Each 
workshop lasted for two days, and combined presentations 
on the process and critical background information with 
hands-on, participatory activities conducted in small breakout 
groups of approximately 9 to 12 people. Each workshop 
addressed a separate phase of the scenarios process:

• Workshop 1: Scenario Identification,
• Workshop 2: Scenario Implications,
• Workshop 3: Research and Monitoring Priorities.
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The format of the workshops incorporated the following 
approaches: 

• Presentations that reviewed the background 
materials and the activities and results of prior 
workshops,

• Breakout group activities that encouraged 
brainstorming and in-depth discussion of specific 
topics,

• Interactive full group exercises, which provided 
opportunities to share outcomes of the smaller 
group sessions.

Based on the focal question and the selected drivers, the 
process built plausible scenarios identified and elaborated 
upon in the first workshop. Participants in the second 
workshop were asked to explore the potential implications 
of these scenarios. After further analysis of the potential 
development-driven changes on a subset of implication 
subcategories, the final workshop asked attendees to consider 
current and future information needs in the prioritization 
of R&M efforts. The outcomes of the third workshop were 
summarized to provide NSSI’s member organizations with a 
product that represents feedback from scientific experts and 
local knowledge holders on R&M efforts that could address 
a range of implications associated with future energy and 

Figure 4. Key	events	held	throughout	the	project
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resource development. A summary of the scenarios workshop 
timeline is presented in Figure 4. 

Throughout the process, participant expertise was arranged 
or grouped in different ways. During the identification of 
scenarios (Workshop 1), it was useful to have small groups 
with a wide range of expertise and experience, while during 
the final phases where detailed outcomes and subject-
specific recommendations were developed, participants 
were grouped by topic for a more targeted discussion. After 
the specifics of each scenario had been discussed and agreed 
upon by participants, subsequent workshops were designed 
to explore the implications of those scenarios on a set of 
prioritized topics, which could also be selected through a 
participatory approach. Facilitators of the process also 
helped to ensure that scenarios were internally consistent, 
represented plausible alternatives, and reflected a range 
of outcomes that could help guide management-based 
decisions. 

The following methodology review will focus on the work that 
was developed to prepare participants for the first workshop, 
as well as evaluating and summarizing the results of each 
subsequent workshop.
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Table 2. List	 of	 background	 papers	 produced	 and	 primary	 authors	
and	affiliations

Fact sheet topic Primary author

Price of oil and gas - demand 
and global market

Toby Schwörer (ISER - Institute 
for Social and Economic 
Research)

Oil and gas revenues and 
Alaska state economy

Toby Schwörer (ISER)

Local economy - North Slope Toby Schwörer (ISER)

Commodity prices and demand 
- coal, minerals and metals

Toby Schwörer (ISER)

State and federal regulatory 
environment

Berill Blair and Amy Lovecraft 
(UAF)

Endangered species listings & 
critical habitat

Olivia Lee (UAF)

New technology
Barry Fradkin (GeoAdaptive, 
LLC )

Climate change
Olivia Lee & Nancy Fresco 
(UAF)

Sea ice - seasonal cycle and 
extent

Hajo Eicken (UAF)

Permafrost degradation Olivia Lee (UAF)

Erosion - coastal and riverine Olivia Lee (UAF)

Global political stability Amy Lovecraft (UAF)

Development infrastructure
Barry Fradkin (GeoAdaptive, 
LLC )

Environmental disasters - 
human caused

Kevin Hillmer-Pegram (UAF)

Community health and food 
security

Olivia Lee (UAF)

BACKGROUND MATERIAL DEVELOPMENT
Brief background papers (3 to 5 pages) were developed as 
background materials for workshop participants on key 
drivers of change that could affect the future of energy 
development and resource extraction on the North Slope 
and adjacent seas. These drivers were first identified using 
input from the NSSI Science Technical Advisory Panel 
(STAP) and Senior Staff Committee (SSC). The initial broad 
list of drivers was further refined to identify key drivers of 
change through an iterative survey process that engaged the 
NSSI Oversight Group and subject matter experts during a 
scenarios consultative group meeting in January 2014. The 
key drivers of change encompass a range of economic, social, 
regulatory, and environmental factors. Some of the economic 
drivers were closely related and were subsequently grouped 
together during the development of the 15 background 
papers that summarized the current state of knowledge, 
trends, and uncertainties related to each of these drivers1 
(Table 2). The topic of community stance on development 
was also identified as a key driver, but was not developed 
into a fact sheet because it was felt that this would be more 
accurately represented by direct input from residents of 
North Slope communities during the Scenarios Identification 
Workshop.

All background papers were distributed in draft form and 
reviewed by as many as eight individuals representing a range of 
backgrounds and expertise. Reviewers represented academia, 
federal (Bureau of Land Management [BLM], United States 
Geological Survey [USGS], National Oceanic and Atmospheric 
Administration [NOAA], United States Fish and Wildlife 
Service [USFWS], Bureau of Ocean Energy Management 
[BOEM], U.S. Energy Information Administration), and state 
agencies (Alaska Department of Fish and Game [ADFG], 
Alaska Department of Natural Resources [ADNR]), the North 
Slope Borough (community members, North Slope Borough 
[NSB]—Planning Department, NSB Department of Wildlife 
Management), non-governmental organizations (Audubon, 
Ocean Conservancy, Oil Spill Recovery Institute [OSRI]), and 
industry. The NSSI STAP and SSC also contributed to the review 
process during a review and discussion session that was part 
of their Fall 2014 meeting agenda. Following a revision period 
to address the feedback from reviewers, the final background 
papers were sent out to workshop participants prior to the 
Scenarios Identification Workshop, in order to provide a 
common knowledge base. These background papers are 
available in Annex 3 of this report.

1  The following economic drivers and their associated topics were 
merged or covered in the final list of drivers: “price of oil and gas products,” 
“demand for energy/mineral resources,” “oil/gas production tax code,” and, 
“development of oil/gas outside of Alaska (global).”
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2.1.2. Processing Workshop Results
In order to conduct a spatial analysis from the materials that 
were developed by workshop participants, the digitization of 
these products was systematized. This allowed the scenarios 
team to maintain consistency across products developed in 
all three workshops. The workshop activities were designed 
to compile robust subject-specific datasets. The products of 
these activities were intended to not only define the spatial 
location of critical elements related to each scenario, but also 
to develop comprehensive descriptive information about 
the distribution and other characteristics of the features 
identified by workshop attendees. 

MAP DIGITIzATION
Throughout the activities, mapping exercises were given to 
participants where they were asked to sketch or draw on 
paper maps of the region to identify certain features. In order 
to create spatial data from these maps, each map produced 
during a workshop was photographed, georeferenced, and 
assigned the Alaska Albers coordinate system, a standard 
map projection used by the State of Alaska’s Department of 
Natural Resources (Figure 5). Features in the map that were 
linear, such as pipelines, shipping lanes, and roads, were 
digitized as lines. Features like gravel pads, industry camps, 
or OCS platforms that are geographically limited to a specific 
location were digitized as points. In some cases, participants 
drew circles to indicate the general area of these types of 
features; these areas were digitized, and the centroid of 
each circle was converted into a point feature (Figure 6). As 
part of the digitization process, each feature was assigned 
with additional descriptive information, such as the name of 
the group that sketched the information, the development 
scenario each feature belonged to, and lastly, the type of 
resource extraction feature the line or point represented. 

For other activities where participants drew large extents 
on the maps, the areas were digitized manually as polygons 
based on the size and extent defined by the participants 
in each group. The data attributes for the digitized areas 
included as much descriptive information as possible, such 
as subcategory group, development scenario, and additional 
pertinent information, depending on the exercise. An 
example of this process is outlined in Figure 5, 6, and 7. 

RECTIFICATION PROCESS
Several of the materials produced during workshops for the 
final scenarios underwent the digitization process described in 
the prior section, as well as a second round of refinement. As 
a means to further adjust and refine the results, the digitized 
products were rectified according to official reports and 
planning documents on proposed projects in the North Slope 
and adjacent seas, such as active lease area boundaries in the 
Chukchi Sea and northeast NPR-A (including Greater Moose’s 

Figure 5. Results	of	participant	mapping	activity	(Workshop	1)

Figure 6. Digitization	of	elements	drawn	by	participants

Figure 7. Final	 rectification	of	digitized	elements	 from	participant	
maps
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Tooth). In addition, where it was clear that the participants’ 
drawing of a plausible route (e.g., a potential pipeline around 
the Teshekpuk Lake Special Area) was misaligned with its 
actual position on the landscape, the digitization process was 
adjusted to reflect the actual position2. 

ANALySIS OF IDENTIFIED SCENARIOS
To further evaluate the specific conditions of each 
development scenario, spatial and non-spatial analyses were 
conducted as part of the scenario identification and scenario 
implication process, described in further detail in Chapters 3 
and 4. 

2.2. Spatial Data
2.2.1. Data Collection and Processing
For this project, a Geographic Information System (GIS) was 
used to collect, process, organize, and visualize data. The 
function of a GIS is to provide a systematic approach for the 
management, distribution, and display of information that is 
critical to the project. The GIS that was developed for this 
scenario process was created to provide transparency in the 
way that the data was collected, processed, analyzed, and 
2  It should be noted that adjustments were only made to the location 
and extent of major resource extraction activities and infrastructure under 
the High and Medium scenario, and no new features were added to the 
selected development scenarios. Because the Low scenario only identified 
activities and infrastructure that would be discontinued, no additional 
rectification was required.

visualized. The following sections describe the methodology 
of how data was collected and stored for the project. 

DATA INTAKE
From the start of the project, partner organizations shared 
data from a variety of government and non-profit sources. 
A document was created to inventory the data that 
was collected for the project, making sure to document 
basic metadata information such as source and attribute 
information. Data collection was organized around several 
general themes, as shown in Table 3. After each dataset was 
acquired, the condition of the spatial data was verified in 
order to identify key issues in the data, such as undefined or 
incomplete key attribute information, unknown geographic 
projections, partial coverage of study region, or any accuracy-
related problems. The same process was used for all data that 
was collected internally; a separate document was created 
to track the primary datasets that were created from the 
products of workshop activities. 

DATA INVENTORy
Before the start of each analysis that was conducted for 
the project, all relevant datasets for those analyses were 
evaluated to identify critical gaps in the data. For datasets in 
which issues were identified, data providers were contacted 
to provide clarification regarding the specific issues. If data 
issues could not be resolved, the effort was made to research 
complementary data resources. Lastly, in those instances 
where data was not available, the effects that the gaps might 

Theme Datasets Source

Resource Extraction and 
Infrastructure

Oil and gas lease and planning areas Alaska Dept. of Natural Resources (ADNR), Bureau of 
Ocean Energy Management (BOEM)

Existing and planned oil and gas infrastructure AK Center for the Environment, Audubon Alaska, 
Alaska Oil and Gas Conservation Commission

Administrative 
Boundaries

North Slope Borough boundary, village boundaries, 
Alaska Native Corporation lands

North Slope Borough, AK Department of Community 
& Regional Affairs, Bureau of Land Management

National Petroleum Reserve Alaska, National Park, 
Forest, Wildlife Refuge boundaries

Bureau of Land Management, ADNR, USFWS, NPS, 
USFS, ADF&G

Wildlife / Habitat

Marine mammal habitat and migratory routes 
(including bowhead whale, walrus, seals, polar bears)

Audubon Alaska, NOAA (Alaska Fisheries Science 
Center)

Spectacled eider and Steller's eider habitat, caribou 
migratory routes and habitat areas

USFWS, NOAA, BLM Rapid Ecoregional Assessment

Subsistence Terrestrial and marine subsistence use areas Audubon Alaska, BOEM, Pedersen et al. (DOI 1979)

Environment

Bathymetry, Digital Elevation Model International Bathymetric Chart of the Arctic Ocean, 
v3; USGS National Elevation Dataset

Hydrology (rivers, water bodies, watersheds) USGS National Hydrography Dataset, NOAA

Coastal erosion, shoreline sensitivity to oil, 
thermokarst formation and predisposition

USGS, NOAA, Alaska Climate Science Center; Arctic, 
Western AK, and Northwest Boreal LCCs

Demographics Population, employment, income statistics US Census (2010), American Community Survey

Table 3. Scenarios	data	and	sources	(This	represents	a	summary	of	the	data.	Full	list	is	available	in	Appendix	7)
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have in the analyses for each phase of the project were noted. 
Table 3 on the previous page presents a simplified summary 
of the data sources that were used, organized by theme, and 
the data providers.

DATA PROCESSING
The target geographic projection for all data collected, created, 
and visualized was NAD-North American Datum-1983/ Alaska 
Albers, a projection defined by the Alaska Department of 
Natural Resources and used in the NSSI Data Catalog. Data 
that was used in the analyses was clipped to study area 
boundaries and saved according to the following naming 
convention.

Example:

TeshekpukCaribouHerd_BLM_2014_AL 
(Description_source_year_project)

Areas mapped by participants in each workshop were also 
converted into a spatial data format through the process of 
digitization, which involved aligning an image of each paper 
map to other boundary datasets and tracing each line or 
shape sketched on the map. Data tables associated with 
each geographic feature were simultaneously updated with 
key information, including the group, scenario, and type of 
development, implication, or research and monitoring effort 
depicted in the sketch. A similar process was undertaken with 
some maps from reports where the original data was not 
accessible, for example the extent of subsistence use areas 
within the study region.

All data collected and generated as part of this project was 
cataloged. This list can be found in Appendix 8 of this report. 

2.2.2. Data Coordination
In order to avoid duplication of effort and ensure that the 
most appropriate and up-to-date datasets were used, the 
NSSI Scenarios team actively coordinated with the Geographic 
Information Network of Alaska (GINA) and the North Slope 
Rapid Ecoregional Assessment (REA) at each phase of the 
project. The data catalog and list of data needs were shared 
to identify additional resources, and GINA coordinated 
the transfer of selected spatial datasets from third parties, 
particularly those related to species distribution and density. 
Additional outreach was done to acquire supporting datasets; 
however, not all data requests could be accommodated due 
to limitations on sharing some sensitive datasets related to 
infrastructure and subsistence resources.

Upon completion of the scenarios process, all datasets 
used in the analysis and visualization of the scenarios, their 
implications, and final recommendations were compiled 
and made available through the NSSI Catalog. Each dataset 
created from participant sketches during the workshop, 
or as part of the spatial analysis of the scenarios, contains 
metadata documenting how the data was created and any 
external references that may have been used.

The data products of the workshop process have been made 
available for interested parties to review and conduct further 
analysis; however, NSSI or the original data provider should 
be acknowledged as the source. In addition, any products 
of the scenarios process should include a caveat about the 
exploratory nature of the participatory process, and must 
emphasize that the resource development and implications 
associated with each scenario do not in any way represent 
plans or expected outcomes, but rather reflect what workshop 
attendees collectively identified as plausible alternative 
futures for the region for the purposes of identifying relevant 
research and monitoring needs.
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Figure 8. Participants	reviewing	the	gallery	posters	(left)	and	initial	project	introduction	by	Dr.	John	Payne,	former	Executive	Director	of	NSSI	
(right)

Chapter 3 
Workshop 1: Scenario Identification
November 18-19, 2014
University	of	Alaska	Fairbanks,	Butrovich	Room	109

3.1. Workshop Goals
The goal of this first workshop was to explore and identify a 
range of plausible future scenarios of energy and resource 
development for Alaska’s North Slope and the adjacent 
Beaufort and Chukchi Seas through 2040. Additionally, the 
group reviewed the state of knowledge of the key drivers of 
change.

3.2. Participants
• The participants for the first workshop were selected 

with assistance from the NSSI Oversight Group in order 
to identify a broad and unique perspective on the 
critical changes that may occur on the North Slope and 
adjacent seas. NSSI Science Technical Advisory Panel 
(STAP) and Oversight group members formed part of the 
42 participants, in addition to representatives from the 
following groups or organizations: 

• Community interests (Arctic Slope Regional Corporation 
[ASRC], Alaska Eskimo Whaling Commission, Inupiat 
Community of the Arctic Slope, North Slope Borough); 

• Federal agencies (Bureau of Land Management [BLM], 
Bureau of Ocean Energy Management [BOEM], Bureau 
of Safety and Environmental Enforcement [BSEE], 
National Park Service [NPS], United States Geological 
Survey [USGS], United States Coast Guard [USCG], 
National Aeronautics and Space Administration [NASA], 
United States Fish and Wildlife Service [FWS], United 
States Arctic Research Commission [USARC]); 

• State agencies (Alaska Industrial Development and 
Export Authority [AIDEA], Alaska Department of Natural 
Resources [ADNR], Alaska Department of Labor); 

• Academia; 
• NGOs (Pew Charitable Trusts, Audubon Alaska, Ocean 

Conservancy, International Union for Conservation of 
Nature [IUCN]); and,

• Industry (oil and gas, shipping)1.  

1  The full list of participants is available in Appendix 2.



Prioritizing Science Needs Through Participatory Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas 

19

Figure 9. Summary	of	the	conceptual	process	guiding	Workshop	1	activities
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Driving 
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The�first�step�
involved�the�
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the�driving�forces�
(drivers)�that�
may�influence�
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in�the�scenario.
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could�become�
challenging�
variables.�

Identify Critical 
Uncertainties

Identify 
Key Trends
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Identify
Plausible 
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of�alternative�
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Participants were subdivided into five breakout groups, 
organized to reflect a wide breadth of expertise in each 
group. The majority of workshop activities focused on group-
based exercises. 

3.3. Scenario Process
As described in Chapter 1, the first step in the scenario 
process involved the identification of the driving forces in the 
region that would influence the variables and assumptions 
applied to the scenarios. The initial set of drivers used as the 
basis for Workshop 1 activities were identified using input 
from the NSSI STAP and Senior Staff Committee (SSC), and 
further refined by the NSSI Oversight Group and subject 
matter experts (additional documentation can be found in 
Appendix 4). The second step focused on the identification 
of key trends in the region that would influence or “drive” 
the scenarios. Once identified, the trends were characterized 
and critical uncertainties were explored that could affect the 
initial variables, which was the third step in the process. With 
these variables, alternative futures or conceptual scenarios 
were built using narratives and map sketches to describe the 
plausible changes in future conditions for the region (fourth 
step). The final synthesis and geographic representation of 
these conditions was completed by the scenarios team based 
on the outcomes of the workshop activities. These outcomes 
served as the basis for Workshop 2, where the implications 
for each scenario (High, Medium, and Low) were explored. 
Each of these steps is summarized in Figure 9.

Assess�possible�future�conditions�of�
drivers�and�their�key�relationships

Review�state�of�knowledge�
for�key�drivers

Identification�of��storylines�from�a��
series�of�identified�driver�ranges�

Participant�selection�of�most�plausible�
scenarios�for�analysis

Figure 10. Organization	of	Workshop	1	activity	objectives
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3.4. Summary of Activities and 
Intermediate Results
As the first workshop in the series, a review of the state of 
current knowledge of the North Slope and adjacent seas was 
presented to the participants. This served as a summary of 
a group of background papers developed and reviewed by 
relevant topical experts and provided to participants before 
the workshop (see Annex 3 for the background papers). 
Following is a list of the main topic areas and the presenters 
of each topic:

Sea Ice:          Hajo Eicken, UAF
Climate Change:         Nancy Fresco, UAF
Wildlife/Habitat:         Brian Person, NSB
Community:          Gordon Brower, NSB
Infrastructure:                       Kevin Hillmer-Pegram, UAF
New Technology:         Barry Fradkin, GA
Global Political Stability:      Amy Lovecraft, UAF
Economic Conditions:         Toby Schwörer, UAA

An electronic copy of the background papers was provided to 
all participants before the workshop. 

3.4.1. Activity 1 Driver Exploration
The first activity was designed to identify which key drivers 
of change the participants felt most influenced energy and 
resource development conditions in the region through 
three time periods: past (since 1970s), present, and future 
(through 2040). The drivers provided for each period were 
the following:

• Price of oil and gas
• Demand for energy and minerals
• New technology
• Regulatory environment (state/federal)
• Development of oil and gas outside of Alaska
• Infrastructure
• Global political stability
• Community decision-making/stance on development
• Oil/gas production tax code
• Environmental disasters (e.g., spills)
• Extent of sea ice
• Threatened/endangered species and critical habitat
• Local (village/borough) economy
• Climate change
• Community environmental health and food security
• Price of other commodities (coal, metal, etc.)
• Permafrost degradation
• Coastal erosion

With this list, participants chose their top 10 key drivers 
for each time period (Figure 11). The final results were 
tabulated (summarized in Figure 12) for each time period 
to determine the drivers that would rank highest in terms 
of their contribution to understanding changes in the region 
over time. The top 10 key drivers for the future time frame 
were used for subsequent activities during the workshop. 

INTERMEDIATE RESULTS
The most selected results for the “future (through 2040)” 
time period were the following drivers:

• Price of oil and gas
• New technology
• Demand for energy and minerals
• Development of oil and gas outside of Alaska
• Climate change
• Regulatory environment (state/federal)
• Global political stability
• Extent of sea ice
• Infrastructure
• Environmental disasters (e.g. spills)

Figure 11. Participants	choosing	the	most	influential	drivers	for	each	
time	period
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Figure 12. Prioritization	of	drivers	
for	each	of	the	three	time	periods	

(past,	present	and	future)
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The second exercise for Activity 1 began by organizing 
participants into five breakout groups, following group 
assignments designed to provide a broad representation of 
topical expertise. With the top 10 future drivers identified, 
participants arranged each of the drivers by level of 
uncertainty (low to high) and level of influence over change 
through 2040 (low to high) (Figure 13). The third exercise 
allowed participants to identify the top three key relationships 
or linkages between two drivers and develop narratives to 
support these relationships. The purpose of the exercise was 
to identify those drivers with the most influence upon the 
future of energy and resource development in the region (to 
both trigger and drive change over time).

INTERMEDIATE RESULTS
The overall patterns from the breakout groups are reflected 
in the following summary: 

• Extent of seasonal sea ice and climate change drivers 
generally fell under low uncertainty, and low-medium 
influence,

• Price of oil and gas consistently determined to have high 
uncertainty and high influence, as well as being closely 
linked to many other drivers (see Figure 14),

• New Technology fell under medium to high influence, 
and also shared links with many development-related 
drivers.

It is important to note that participants were given the 
opportunity to include an additional driver during this second 
exercise if they felt that it was of extreme importance but did 
not come through in the initial ranking process. Most groups 

Figure 13. Top	 drivers	 arranged	 by	 level	 of	 uncertainty	 and	
level	of	influence	over	time	

DEVELOPMENT OF OIL &
 GAS OUTSIDE AK

DEMAND FOR
ENERGY/MINERALS

PRICE OF OIL AND GAS

GLOBAL POLITICAL STABILITY

NEW TECHNOLOGY

INFRASTRUCTURE

REGULATORY 
ENVIRONMENT

COMMUNITY
DECISION MAKING

ENVIRONMENTAL DISASTERS

CLIMATE CHANGE

EXTENT OF SEA ICE

Figure 14. Summary	of	the	key	relationships	amongst	the	top	10	drivers,	including	the	“Community	decision	making”	driver
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Driving Force  -     Plausible ranges of activity or intensity through 2040      +

Bi
op

hy
si

ca
l D

riv
er

s Climate Change Small change in temperature (less than 
1.5°C in winter) and precipitation

Moderate change in temperature (less 
than 2°C in winter) and precipitation

Large increase in temperature (more 
than 2°C in winter) and precipitation; 
increased frequency of extreme events

Extent of Sea Ice Ice conditions comparable to 2014; coastal 
freeze-up starts in October

Arctic Ocean summer ice extent 
reduced by half; coastal freeze-up 
starts in December along northern 
Alaska shore

Arctic Ocean mostly ice-free in 
summer; coastal freeze-up starts in  
January along northern Alaska shore

Re
so

ur
ce

 D
ev

el
op

m
en

t D
riv

er
s Environmental 

Disasters (e.g. spills)
No large-scale environmental disasters; 
minor impacts to wildlife 

Predominantly small-medium scale 
environmental impacts offshore and 
onshore; moderate impacts on wildlife 
and subsistence activities

At least one large scale environmental 
disaster occurs; major impacts on 
wildlife and communities

Infrastructure Continued incremental expansion of 
terrestrial oil and gas infrastructure; no 
new offshore development

Terrestrial oil and gas infrastructure 
expands significantly; gradual initiation 
of offshore development; deep-draft 
port is built

Significant expansion of on- and 
offshore development, new onshore 
pipeline connecting to Chukchi rigs; 
gas pipeline is built, expansion of roads

New Technology Use of enhanced oil recovery for existing 
reservoirs; minimal activity related to 
unconventional oil and gas

Enhanced oil recovery for existing 
reservoirs and moderate increase in 
unconventional oil and gas activity.

Enhanced oil recovery for existing 
reservoirs and significant increase in 
unconventional oil and gas activity.

M
ar

ke
t D

riv
er

s

Price of Oil and Gas Oil prices below $100/barrel, worldwide 
growth remains sluggish, or price of 
carbon reduces demand and increases 
renewable sources of energy

Oil prices in the $150-$200 range, 
worldwide oil production remains high 
due to new technologies, moderate 
switch to renewables

Oil prices rise to above $300/barrel, 
strong economic recovery from 
financial crisis, strong economic 
growth worldwide

Demand for Energy 
and Minerals

Low demand due to sluggish economic 
growth worldwide

Volatile demand High demand due to strong economic 
growth worldwide; increased 
infrastructure across Arctic Alaska to 
access mines and other extractive 
processes

Development of Oil 
and Gas outside of 
Alaska

Low demand and high supply of oil and gas  
favors decreased development of oil and 
gas globally

Moderate demand for oil and gas 
coupled with improvements in 
technology  slows development of oil 
and gas outside Alaska

High demand for oil and gas, 
environmental restrictions in the U.S. 
and low cost of production in the 
lower 48 allows increased production 
outside Alaska; increased production 
in other major oil producing countries

So
ci

op
ol

iti
ca

l D
riv

er
s

Regulatory 
Environment (state/
federal)

Few additional regulations implemented; 
some protections may be rolled back; 
poor regulatory coordination may lead 
to uncertainty and legal delays; effect on 
development may be unpredictable

Improved regulatory coordination 
leads to greater certainty; regulations 
remain protective of ecosystem 
function and food security; regulatory 
conflicts continue but are resolved 
more quickly

Highly coordinated and flexible 
regulation; focus is on economic 
development; investment uncertainty 
reduced; ecosystem function and food 
security uncertainty increased

Global Political 
Stability

Low global political stability. Potential 
environmental damage from lack 
of coordination across countries. 
Development uncertain due to conflict. 
Agreements on goals within the Arctic 
Council may be destabilized.

Likely similar to current situation 
with general A8 agreement and 
some development alongside 
some environmental protection.  
Incremental change in both policy 
areas.

High stability. More cooperation 
among A8 meaning better sharing 
of best practices which could lead 
to better environmental outcomes 
and development.  How high stability 
affects observers is uncertain - could 
result in more participation or more 
protectionism.

Community Decision 
Making / Stance on 
Development

Broad community support for 
development; few minor disagreements; 
strong cooperation among community 
decision-makers; this unity would likely 
mean an agreement across the different 
components of the "community" in other 
words, native corps, tribal corps, city and 
borough governments, ICAS etc.. One 
outcome of this could be further ability to 
resist the state and federal governments 
to do development "in their own way"; it 
could potentially better benefit the local 
scale conditions

Minor disagreements about a few key 
issues on development; moderate 
cooperation among communities 
represented at various levels

Broad disagreements on major issues 
influencing development; litigation 
is common; low cooperation among 
communities and community decision-
makers at various levels; could leave 
communities exposed to "buy off" 
or influence by corporate, state, 
and federal interests as well as less 
development

Table 4. Driver	ranges	identified	for	the	top	drivers	prioritized	by	participants
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agreed that the “Community Decision-Making/Stance on 
Development” driver should be added to further enrich the 
discussion. This driver was included in the materials for the 
following activities. 

3.4.2. Activity 2 Development of Storylines 
and Scenario Identification
Due to the unpredictable nature of energy and resource 
development, and in order to prepare NSSI member agencies 
for the full breadth of plausible futures, three relative levels 
of energy and resource development activity through 2040 
were considered in the scenario identification process: High, 
Medium, and Low. As part of the second activity, a series of 
exercises were used to guide participants as they constructed 
a range of plausible scenario alternatives. The first exercise 
was based on the prioritized list of top drivers identified 
by participants. Identified estimated ranges of plausible 
activity or intensity (based on feedback from the experts 
who developed the topical background papers, described in 
Chapter 1), organized from low to high, were provided for 
the 10 top drivers as a means of aiding discussions about the 
conditions that define each level of development (shown in 
Table 4).

After choosing the particular driver ranges for each scenario, 
participants developed a series of narratives (as bullet 
points) or plausible “storylines” to describe the specific 
conditions and significant shifts in environmental, economic, 
or sociopolitical factors under each scenario through 2040. 
The bullet points described their understanding of the future 
changes within each scenario and for each level of energy 
and resource development.

Figure 15. The	spatial	extent	of	each	scenario	element	was	drawn	by	
participants	on	the	provided	base	maps

Figure 16. Presentation	by	breakout	group	representatives	of	the	final	scenario	alternatives
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Figure 17. Participants	 read	 and	 browse	 through	 the	 materials	
developed	by	each	breakout	group

As a key component of defining the alternative futures for 
the region, the spatial extent of these plausible changes was 
identified for each scenario. Participants highlighted key 
features (including infrastructure and supporting activities) 
by sketching and making annotations on a base map of the 
region provided for each scenario (Figure 15). 

In the final stage of the activity, a member from each breakout 
group presented a summary of the components considered 
for each of the scenario alternatives to all the participants. 
All materials produced by each group concerning the three 
scenarios were displayed, and participants were given time to 
review the materials (Figure 16). Participants (as individuals) 
were given the opportunity to choose the most plausible 
alternative or version of each scenario (High, Medium, and 
Low Development) through a simple ranking process (Figure 
17 and 18).

SCENARIO IDENTIFICATION RESULTS
The final ballots were tallied, resulting in the top selected 
scenarios:

Low Development: Group D
Medium Development: Group A
High Development: Group A

The materials produced for each of the final selected 
scenarios can be found on pages 26 through 31, including 
the digitized version of the final maps. These materials were 
used as the basis for developing the scenario modeling and to 
help develop the implications associated with each scenario, 
explored further in Workshop 2.

(Additional workshop documentation is available in Appendix 
6.)

NSSI Scenario Identification 
Workshop

Please identify which group developed 
the most plausible scenario within each 
category and describe why you chose this 
particular scenario:

High  ________

________________________
________________________
________________________
________________________
________________________

Medium ________

________________________
________________________
________________________
________________________
________________________

Low  ________

________________________
________________________
________________________
________________________
________________________

Scenarios for Energy and Resource Development on the North 
Slope and Adjacent Seas

Scenarios for Energy and Resource Development on the North 
Slope and Adjacent Seas

NSSI Scenario Identification 
Workshop

Please identify which group developed 
the most plausible scenario within each 
category and describe why you chose this 
particular scenario:

High  ________

________________________
________________________
________________________
________________________
________________________

Medium ________

________________________
________________________
________________________
________________________
________________________

Low  ________

________________________
________________________
________________________
________________________
________________________

Scenarios for Energy and Resource Development on the North 
Slope and Adjacent Seas

NSSI Scenario Identification 
Workshop

Please identify which group developed 
the most plausible scenario within each 
category and describe why you chose this 
particular scenario:

High  ________

________________________
________________________
________________________
________________________
________________________

Medium ________

________________________
________________________
________________________
________________________
________________________

Low  ________

________________________
________________________
________________________
________________________
________________________

Figure 18. Example	of	scenario	selection	ballot
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Storyline	developed	by	participants:
• Global political instability encourages greater U.S. energy development, including in Alaska.
• Policies for climate change and emissions do not limit all fossil fuel use, but focus primarily on limiting coal use.
• There are no major environmental disasters in Alaska or the Russian Arctic.
• Oil and gas development on the North Slope is highly profitable and is coupled with a permissive regulatory environment, 

decreased fracking in the lower 48 states, and decreased production overseas.
• Large investments in new R&D technology (exploration and development), as well as spill prevention and response, and 

some investment for renewable energy.
• Significant new infrastructure development occurs both onshore and offshore and is not significantly affected by climate 

change or sea ice conditions.
• There is an increase in jobs and revenue to North Slope communities. Industry activities strain community infrastructure 

and have social impacts, but new infrastructure put in place as mitigation measures helps to reduce the cost of energy/
utilities to communities.

• There are direct impacts on subsistence species and food security despite mitigation measures to reduce subsistence 
impacts.

Group	A:	
Hand-drawn	features	
and	notes	by	group	A	
participants

HIGH DEVELOPMENT 
SCENARIO

Digitized	versions	of	final	maps
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Driving Force  -     Plausible ranges of activity or intensity through 2040      + Other

Bi
op

hy
si

ca
l D

riv
er

s Climate Change Small change in temperature (less than 1.5°C 
in winter) and precipitation

Moderate change in temperature 
(less than 2°C in winter) and 
precipitation

Large increase in temperature (more than 
2°C in winter) and precipitation; increased 
frequency of extreme events

Not	a	major	
factor

Extent of Sea 
Ice

Ice conditions comparable to 2014; coastal 
freeze-up starts in October

Arctic Ocean summer ice extent 
reduced by half; coastal freeze-up 
starts in December along northern 
Alaska shore

Arctic Ocean mostly ice-free in summer; 
coastal freeze-up starts in  January along 
northern Alaska shore

Not	a	major	
factor

Re
so

ur
ce
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ev
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m
en

t D
riv

er
s

Environmental 
Disasters (e.g. 
spills)

No large-scale environmental disasters; 
minor impacts to wildlife 

Predominantly small-medium scale 
environmental impacts offshore 
and onshore; moderate impacts on 
wildlife and subsistence activities

At least one large scale environmental 
disaster occurs; major impacts on wildlife 
and communities

No	large	scale	
disaster	but	
some	impact	to	
wildlife

Infrastructure Continued incremental expansion of 
terrestrial oil and gas infrastructure; no new 
offshore development

Terrestrial oil and gas infrastructure 
expands significantly; gradual 
initiation of offshore development; 
deep-draft port is built

Significant expansion of on- and 
offshore development, new 
onshore pipeline connecting 
to Chukchi rigs; gas pipeline is 
built, expansion of roads

New 
Technology

Use of enhanced oil recovery for existing 
reservoirs; minimal activity related to 
unconventional oil and gas

Enhanced oil recovery  for existing 
reservoirs and moderate increase 
in unconventional oil and gas 
activity

Enhanced oil recovery for existing 
reservoirs and significant increase in 
unconventional oil and gas activity

Combination	of	
prior	columns,	
also	increases	
in	spill	response	
technology

M
ar

ke
t D

riv
er

s

Price of Oil and 
Gas

Oil prices below $100/barrel, worldwide 
growth remains sluggish, price of carbon 
reduces demand and increases renewable 
sources of energy

Oil prices in the $150-$200 range, 
worldwide oil production remains 
high due to new technologies, 
moderate switch to renewables

Oil prices rise to above $300/
barrel, strong economic 
recovery from financial crisis, 
strong economic growth 
worldwide

Demand for 
Energy and 
Minerals

Low demand due to sluggish economic 
growth worldwide.

Volatile demand High demand due to strong 
economic growth worldwide; 
increased infrastructure across 
Arctic Alaska to access mines 
and other extractive processes

Development 
of Oil and Gas 
outside of 
Alaska

Low development and high supply of oil and 
gas  favors decreased development of oil and 
gas globally. 

Moderate development for oil and 
gas coupled with improvements in 
technology  slows development of 
oil and gas outside Alaska.

 High demand for oil and gas, 
environmental restrictions in the U.S. 
and low cost of production in the lower 
48 allows increased production outside 
Alaska; increased production in other 
major oil producing countries

Range	in	
the	first	two	
columns.	Low	
development	
outside	Alaska		
coupled	with	
high	demand	for	
oil	and	gas.

So
ci
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ol
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l D
riv

er
s

Regulatory 
Environment 
(state/federal)

Few additional regulations implemented; 
some protections may be rolled back; 
poor regulatory coordination may lead 
to uncertainty and legal delays; effect on 
development may be unpredictable

Improved regulatory coordination 
leads to greater certainty; 
regulations remain protective 
of ecosystem function and food 
security; regulatory conflicts 
continue but are resolved more 
quickly.

Highly coordinated and flexible 
regulation; focus is on economic 
development; investment 
uncertainty reduced; ecosystem 
function and food security 
uncertainty increased. 
Permissive regulatory 
environment.

Global Political 
Stability

Low global political stability. 
Potential environmental damage 
from lack of coordination across 
countries. Development uncertain 
due to conflict. Agreements on 
goals within the Arctic Council may 
be destabilized.

Likely similar to current situation 
with general A8 agreement and 
some development alongside 
some environmental protection.  
Incremental change in both policy 
areas. 

High stability. More cooperation 
among A8 meaning better sharing 
of best practices which could lead 
to better environmental outcomes 
and development.  How high stability 
affects Observers is uncertain - could 
result in more participation or more 
protectionism.

Community 
Decision 
Making / 
Stance on 
Development

Broad community support for development; 
few minor disagreements; strong cooperation 
among community decision-makers; this 
unity would likely mean an agreement 
across the different components of the 
"community" in other words, native corps, 
tribal corps, city and borough governments, 
ICAS etc.. One outcome of this could be 
further ability to resist the state and federal 
governments to do development "in their 
own way"; it could potentially better benefit 
the local scale conditions. 

Minor disagreements about a 
few key issues on development; 
moderate cooperation among 
communities represented at 
various levels

Broad disagreements on major issues 
influencing development; litigation 
is common; low cooperation among 
communities and community decision-
makers at various levels; could leave 
communities exposed to "buy off" or 
influence by corporate, state, and federal 
interests as well as less development. 

Communities	
are	supportive	
of	development;	
strong	
mitigation;	
lower	risk	to	
food	security

*Note: text that is in italics reflects modifications from participants
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Storyline	developed	by	participants:
• Moderate profitability of oil and gas development on the North Slope is linked to the regulatory environment that may 

counter the effects of high oil prices.
• Business-as-usual climate policies do not negatively affect oil and gas development. No major environmental disaster 

occurs in the Arctic.
• There is a stable or somewhat lower demand for energy.
• No significant new extensive infrastructure projects occur but incremental infrastructure development takes place in NPR-A 

and the Beaufort Sea.
• There are moderate investments in new technology but no investments to support heavy oil extraction in Alaska.
• Modest revenue sharing has some benefits to the state and borough, and provides some support for local economy and 

jobs.
• There is a medium level of impact on subsistence activities. Some mitigation measures put in place reduce impacts from 

industry activities.

Group	A:	
Hand-drawn	features	and	
notes	by	group	A	participants

MEDIUM DEVELOPMENT 
SCENARIO

Digitized	versions	of	final	maps
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Driving Force  -     Plausible ranges of activity or intensity through 2040      + Other

Bi
op

hy
si

ca
l D

riv
er

s Climate 
Change

Small change in temperature (less than 
1.5°C in winter) and precipitation

Moderate change in temperature (less 
than 2°C in winter) and precipitation

Large increase in temperature (more 
than 2°C in winter) and precipitation; 
increased frequency of extreme events

Not	a	factor

Extent of Sea 
Ice

Ice conditions comparable to 2014; coastal 
freeze-up starts in October

Arctic Ocean summer ice extent 
reduced by half; coastal freeze-up 
starts in December along northern 
Alaska shore

Arctic Ocean mostly ice-free in summer; 
coastal freeze-up starts in  January along 
northern Alaska shore

Not	a	factor

Re
so

ur
ce

 D
ev

el
op

m
en

t D
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er
s

Environmental 
Disasters (e.g. 
spills)

No large-scale environmental disasters; 
minor impacts to wildlife 

Predominantly small-medium 
scale environmental impacts 
offshore and onshore; moderate 
impacts on wildlife and 
subsistence activities No	large	
scale	disaster.

At least one large scale environmental 
disaster occurs; major impacts on 
wildlife and communities

Infrastructure Continued incremental expansion of 
terrestrial oil and gas infrastructure; no 
new offshore development

Terrestrial oil and gas 
infrastructure expands 
significantly; gradual initiation of 
offshore development, deep-draft 
port is built moderately;		near	
shore	development.

Significant expansion of on- and 
offshore development, new onshore 
pipeline connecting to Chukchi rigs; gas 
pipeline is built, expansion of roads

New 
Technology

Use of enhanced oil recovery for existing 
reservoirs; minimal activity related to 
unconventional oil and gas

Enhanced oil recovery for existing 
reservoirs and moderate increase 
in unconventional oil and gas 
activity.

Enhanced oil recovery for existing 
reservoirs and significant increase in 
unconventional oil and gas activity

M
ar

ke
t D

riv
er

s

Price of Oil 
and Gas

Oil prices below $100/barrel, worldwide 
growth remains sluggish, price of carbon 
reduces demand and increases renewable 
sources of energy

Oil prices in the $150-$200 range, 
worldwide oil production remains 
high due to new technologies, 
moderate switch to renewables 	
Assuming	inflation

Oil prices rise to above $300/barrel, 
strong economic recovery from 
financial crisis, strong economic growth 
worldwide

Demand for 
Energy and 
Minerals

Low demand due to sluggish economic 
growth worldwide

Volatile demand High demand due to strong economic 
growth worldwide; increased 
infrastructure across Arctic Alaska to 
access mines and other extractive 
processes

Consistent 
moderate demand

Development 
of Oil and Gas 
outside of 
Alaska

Low demand and high supply of oil and gas  
favors decreased development of oil and 
gas globally. 

Moderate development demand 
for oil and gas coupled with 
improvements in technology  
increases slows development of 
oil and gas outside Alaska.

 High demand for oil and gas, 
environmental restrictions in the U.S. 
and low cost of production in the lower 
48 allows increased production outside 
Alaska; increased production in other 
major oil producing countries

So
ci

op
ol

iti
ca

l D
riv

er
s

Regulatory 
Environment 
(state/federal)

Few additional regulations implemented; 
some protections may be rolled back; 
poor regulatory coordination may lead 
to uncertainty and legal delays; effect on 
development may be unpredictable

Improved regulatory coordination 
leads to greater certainty; regulations 
remain protective of ecosystem 
function and food security; regulatory 
conflicts continue but are resolved 
more quickly.

Highly coordinated and flexible 
regulation; focus is on economic 
development; investment uncertainty 
reduced; ecosystem function and food 
security uncertainty increased.

Consistent 
balanced 
regulatory 
environment. 
Some industry 
uncertainty with 
protection of the 
ecosystem function 
& food security.

Global Political 
Stability

Low global political stability. Potential 
environmental damage from lack 
of coordination across countries. 
Development uncertain due to conflict. 
Agreements on goals  within the Arctic 
Council may be destabilized.

Likely similar to current situation 
with general A8 agreement and 
some development alongside 
some environmental protection.  
Incremental change in both policy 
areas. 

High stability. More cooperation 
among A8 meaning better sharing 
of best practices which could lead 
to better environmental outcomes 
and development.  How high stability 
affects Observers is uncertain - could 
result in more participation or more 
protectionism.

Community 
Decision 
Making / 
Stance on 
Development

Broad community support for 
development; few minor disagreements; 
strong cooperation among community 
decision-makers; this unity would likely 
mean an agreement across the different 
components of the "community" in other 
words, native corps, tribal corps, city and 
borough governments, ICAS etc.. One 
outcome of this could be further ability to 
resist the state and federal governments 
to do development "in their own way"; it 
could potentially better benefit the local 
scale conditions. 

Minor disagreements about a 
few key issues on development; 
moderate cooperation among 
communities represented at 
various levels

Broad disagreements on major issues 
influencing development; litigation 
is common; low cooperation among 
communities and community decision-
makers at various levels; could leave 
communities exposed to "buy off" 
or influence by corporate, state, 
and federal interests as well as less 
development. 

Moderate pace 
of development 
influences 
community 
support; 
sustainable 
development 
support.

*Note: text that is crossed out or in italics reflects modifications from participants. 
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Storyline	developed	by	participants:
• For reasons related to climate change and public perception, coupled with environmental disaster(s), federal government 

has shut down offshore activity.
• Lack of access to resource and sufficient price cause companies to shut down exploration and production, which results in 

closure of pipeline.
• Engineering and technology solutions aren’t cost-effective enough to avoid this outcome.
• Onshore export-related infrastructure is dismantled, TAPS is transferred to State of Alaska. 
• Local resources are developed for community use, though restrictive federal policy results in declining economics.
• Lack of economic opportunity causes an exodus of people and resources from the state.
• Corresponding factors include no smaller companies coming in to replace majors, balance of economics.
• State introduces a number of initiatives—income tax, fiscal policy, co-investment—which fail.
• Social and academic systems fail.
• If North Slope shuts down, Cook Inlet becomes center of oil and gas activity.

Group	D:	
Hand-drawn	features	and	
notes	by	group	A	participants

LOW DEVELOPMENT 
SCENARIO

Digitized	versions	of	final	maps
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Driving Force  -     Plausible ranges of activity or intensity through 2040      + Other

Bi
op

hy
si

ca
l D

riv
er

s Climate 
Change

Small change in temperature (less than 
1.5°C in winter) and precipitation

Moderate change in 
temperature (less than 2°C in 
winter) and precipitation

Large increase in temperature (more 
than 2°C in winter) and precipitation; 
increased frequency of extreme events

Extent of Sea 
Ice

Ice conditions comparable to 2014; 
coastal freeze-up starts in October

Arctic Ocean summer ice 
extent reduced by half; coastal 
freeze-up starts in December 
along northern Alaska shore

Arctic Ocean mostly ice-free in 
summer; coastal freeze-up starts in  
January along northern Alaska shore

Re
so

ur
ce

 D
ev
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m
en

t D
riv

er
s

Environmental 
Disasters (e.g. 
spills)

No large-scale environmental disasters; 
minor impacts to wildlife 

Predominantly small-medium scale 
environmental impacts offshore 
and onshore; moderate impacts on 
wildlife and subsistence activities

At least one large scale 
environmental disaster occurs; 
major impacts on wildlife and 
communities

Infrastructure Continued incremental expansion of 
terrestrial oil and gas infrastructure; no 
new offshore development

Terrestrial oil and gas infrastructure 
expands significantly; gradual 
initiation of offshore development, 
deep-draft port is built

Significant expansion of on- and 
offshore development, new onshore 
pipeline connecting to Chukchi rigs; gas 
pipeline is built, expansion of roads

Differentiating	
infrastructure,	no	on	or	
offshore	development

New 
Technology

Use of enhanced oil recovery 
for existing reservoirs; minimal 
activity related to unconventional 
oil and gas

Enhanced oil recovery  for existing 
reservoirs and moderate increase in 
unconventional oil and gas activity

Enhanced oil recovery for existing 
reservoirs and significant increase in 
unconventional oil and gas activity

M
ar

ke
t D
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s

Price of Oil 
and Gas

Oil prices below $100/barrel, 
worldwide growth remains 
sluggish, price of carbon reduces 
demand and increases renewable 
sources of energy

Oil prices in the $150-$200 range, 
worldwide oil production remains 
high due to new technologies, 
moderate switch to renewables

Oil prices rise to above $300/barrel, 
strong economic recovery from 
financial crisis, strong economic growth 
worldwide

Demand for 
Energy and 
Minerals

Low demand due to sluggish 
economic growth worldwide + 
volatile

Volatile demand High demand due to strong economic 
growth worldwide; increased 
infrastructure across Arctic Alaska to 
access mines and other extractive 
processes

Development 
of Oil and Gas 
outside of 
Alaska

Low demand and high supply 
of oil and gas  favors decreased 
development of oil and gas 
globally. 

Moderate demand for oil and gas 
coupled with improvements in 
technology  slows development of 
oil and gas outside Alaska

High demand for oil and gas, 
environmental restrictions in the U.S. 
and low cost of production in the lower 
48 allows increased production outside 
Alaska; increased production in other 
major oil producing countries

So
ci
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s

Regulatory 
Environment 
(state/federal)

Few additional regulations 
implemented; some protections 
may be rolled back; poor 
regulatory coordination may lead 
to uncertainty and legal delays; 
effect on development may be 
unpredictable.

Improved regulatory coordination 
leads to greater certainty; 
regulations remain protective 
of ecosystem function and food 
security; regulatory conflicts 
continue but are resolved more 
quickly.

Highly coordinated and flexible 
regulation; focus is on economic 
development; investment uncertainty 
reduced; ecosystem function and food 
security uncertainty increased.

Global Political 
Stability

Low global political stability. Potential 
environmental damage from lack 
of coordination across countries. 
Development uncertain due to conflict. 
Agreements on goals  within the Arctic 
Council may be destabilized. 

Likely similar to current 
situation with general 
A8 agreement and some 
development alongside some 
environmental protection.  
Incremental change in both 
policy areas. 

High stability. More cooperation 
among A8 meaning better sharing 
of best practices which could lead 
to better environmental outcomes 
and development.  How high stability 
affects Observers is uncertain - could 
result in more participation or more 
protectionism.

Community 
Decision 
Making / 
Stance on 
Development

Broad community support 
for development; few minor 
disagreements; strong cooperation 
among community decision-makers; 
this unity would likely mean an 
agreement across the different 
components of the "community" 
in other words, native corps, tribal 
corps, city and borough governments, 
ICAS etc.. One outcome of this could 
be further ability to resist the state 
and federal governments to do 
development "in their own way"; it 
could potentially better benefit the 
local scale conditions. 

Minor disagreements about a 
few key issues on development; 
moderate cooperation among 
communities represented at various 
levels

Broad disagreements on major issues 
influencing development; litigation 
is common; low cooperation among 
communities and community decision-
makers at various levels; could leave 
communities exposed to "buy off" 
or influence by corporate, state, 
and federal interests as well as less 
development. 

No	involvement	with	
decision	making

*Note: text that is crossed out or in italics reflects modifications from participants. 
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3.5. Final Results for Workshop 1, 
Scenario Identification
The final products from the workshop were analyzed through 
a three-step process to identify the level of agreement 
between groups that would provide a comparison with the 
selected scenarios of future development in a robust and 
analytical way (these processes are described in greater 
detail in Chapter 2 of this report). The objective was to 
compare the scenarios based on the sketches developed by 
participants and to quantify the agreements between them 
(Figure 19). The first step focused on the digitization of the 
elements drawn during the mapping exercise from Activity 2 
and the quantification of the elements per each of the eight 
segments of the study area (Figure 20): Northwest NPR-A, 
Chukchi Sea, Greater Prudhoe Bay, Northeast NPR-A, North 
Slope Foothills, 1002 Area, Beaufort Sea, and Western Arctic. 
The second step summarized the spatial and non-spatial 
patterns of the final results. The products from the second 
step served as the basis for the comparison of the three 
scenarios and the final step of the analytical process. 

Spatial

Density Analysis

Non-Spatial

Identify Areas of 
Agreement

Data�Entry
(Digitization)

Segmentation�of�
Study�Area

Comparison�of�
Scenarios

STEP 1

STEP 3

STEP 2

Figure 19. Diagram	of	the	process	applied	for	the	level	of	agreement	
analysis	of	Workshop	1	results

Figure 20. Geographical	regions	for	non-spatial	scenario	analysis
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Table 5. Non-spatial	analysis	of	the	number	of	elements	of	each	type	of	development	feature	(category)	identified	by	geographic	segment	
and	by	breakout	group	(High	Development	Scenario	example)

Figure 21. Number	of	groups	that	included	a	particular	development	feature	
by	scenario

A C D E F A C D E F A C D E F A C D E F A C D E F A C D E F A C D E F A C D E F
Oil	  Pipelines 3 5 2 3 2 3 1 1 2 1 2 4 2 4 4 1 1 4 1 1 1 1 1 1 2 1 2

Oil	  Production 2 4 1 3 2 4 6 1 11 3 3 2 1 1 1 2 1 1 1 3 1 2 1 1
Roads 3 1 1 1 2 1 1 2 1 1 2 1 1 1 1 1

Gas	  Prod	  &	  Pipelines 1 1 1 1 1 1 1 1 1 3 1 1 1 1
Other 1 1 3 2 1 1 1 1 1 1 1

Utilities 3 2 2 2 1 2 1 1 2 2
Shipping 4 1 1 1 1
Ports 1 1 1 1
Mining 2 1

Beaufort	  Sea Western	  Arctic
Group	  Name

Category

Geographic	  Segmentation	  of	  Study	  Area
Northwest	  NPRA Chukchi	  Sea Greater	  Prudhoe	   Northeast	  NPRA North	  Slope	   1002	  Area

Total�elements�(45);�oil�pipelines�(15) Total�elements�(12);�oil�pipelines�(0)

Table 5 represents an example of 
the non-spatial analysis realized for 
Workshop 2. This analysis allowed 
for the identification of areas with 
the most clustering of development 
features. The table is organized from 
the most number of elements or 
features to the least (from left to 
right). The categories of elements 
or features are also organized from 
most to least (from top to bottom). 
From this analysis, we can summarize 
that the majority of the features 
drawn by participants were in the 
Northwest NPR-A region and were 
related to oil extraction activities 
(pipeline and production).

ANALySIS OF IDENTIFIED SCENARIOS
As a means to evaluate the results of the workshop and the 
conditions defined for each of the development scenarios, 
spatial and non-spatial techniques were applied as part of the 
scenario identification process. These analyses provided an 
objective assessment of the results provided by each group 
and enabled a comparison with the final workshop results 
concerning the location of potential development features. 

The first step, before digitizing features from the mapping 
activities (described in Chapter 2), consisted of dividing the 
study region into nine smaller geographical areas: Northwest 
National Petroleum Reserve-Alaska (NPR-A), Chukchi Sea, 
Greater Prudhoe Bay, Northeast NPR-A, North Slope Foothills, 
1002 Area, Beaufort Sea, and Western Arctic (Figure 20). The 
limits for these geographical areas were defined according 
to jurisdictional boundaries, the scenarios study area, and 
to ensure all areas with participant-identified features were 
included. 

3.5.1. Non-Spatial Analysis
For the non-spatial analysis, each development feature that 
workshop participants identified was categorized according 
to group and geographic region, and the total number of 
each feature type within each region was recorded. This was 
done in order to study the correlation between similar types 
of development features and their geographical region, and 
to also evaluate the level of agreement between groups in 
the type and number of development features they identified 
and the regions where features were drawn. 

The non-spatial analysis compared the presence and absence 
of development features in the maps and narratives for the 
Low, Medium, and High scenarios. The number of elements 
for each development feature were tabulated by geographical 
region for each breakout group under each scenario. An 
example of this approach applied to the High scenario is 
shown in Table 5.
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Feature
High 
(A)

Medium 
(A)

Low 
(D)

Pipeline across NPR-A √
Chukchi Sea Development √
Northeast NPR-A 
Development

√ √
Activity in Greater Prudhoe 
Bay

√ √
Gas Pipeline √
Shipping Routes √ √

Table 6. Key	elements	of	the	final	selected	scenarios

Figure 22. Oil	pipeline	distribution	under	the	High	Development	Scenario	(example	of	spatial	analysis)

5�Groups�
Agree

5�Groups�
Agree 4�Groups�

Agree

3�Groups�
Agree

The results and tabulation of the key development features 
by scenario are presented in Table 6. It is important to note 
that very few elements were sketched by groups for the Low 
scenario, as reflected in these tables. 

3.5.2. Spatial Analysis
The spatial analysis focused on a density analysis, used to 
depict areas where the level of agreement varied relative 
to the specific siting of resource development features 
under each development scenario. Participant-identified 
features that were linear in nature, such as roads, shipping 
lanes, and pipelines, were analyzed using a linear density 
geospatial tool, while a point density tool was used to assess 
production pads, utilities, camps, and other features that 
occur at a specific location. This type of density analysis used 
a grid-based neighborhood analysis function to quantify the 
number or length of features (e.g., pads, roads, pipelines) 
found within a radius of each grid cell. The output shows a 
color gradient from low to high density of the features. A high 
level of agreement was designated for locations in which four 
or more groups drew development features within 20 km of 
each other. Features outside of this range were classified as 
progressively lower levels of agreement. 

The results focused on the identification of the most 
prominent areas of agreement, in order to define the spatial 
relationships between the features drawn on the maps as 
part of Activity 2. Based on the results, oil and gas production, 
shipping, and both pipelines and roads were the most 
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agreed-upon features. An example of this analysis is shown in 
Figure 22, where high levels of agreement are shown in red. 
Additional results are available in Appendix 4.

With these results from the different levels of agreement, 
a final comparison between all scenarios resulted in the 
following:

• High Development Scenario: Group A
  Highly Representative
• Medium Development Scenario: Group A
  Highly Representative
• Low Development Scenario: Group D
  Overall agreement on absence of new  
  infrastructure/development, no new  
  features for spatial comparison.
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Chapter 4 
Workshop 2: Scenario Implications

June 2-3, 2015
University	of	Alaska	Fairbanks,	Wood	Center

4.1. Workshop Goals
The second workshop focused on the discussion and 
characterization of the potential implications of the three 
scenarios on a range of socioeconomic and biophysical 
systems. Participants identified and defined a prioritized list 
of plausible implications and their associated triggers.

4.2. Participants
The 45 participants who attended the second workshop 
were selected to reflect a broad representation of the 
knowledge or expertise needed to assess the biological, 
physical, or human implications of the three scenarios. 
Several of the participants had also attended Workshop 
1 activities. Members from the NSSI STAP and the NSSI 
Oversight group participated, in addition to the following 
groups or organizations:
• Community interests (Arctic Slope Regional Corporation 

[ASRC], Nuiqsut City Council, Kaktovik City Council, 
Atqasuk City Council, North Slope Borough); 

• Federal agencies (Bureau of Land Management [BLM], 
Bureau of Ocean Energy Management [BOEM], Bureau of 
Safety and Environmental Enforcement [BSEE], National 
Park Service [NPS], United States Fish and Wildlife 
Service [FWS], National Oceanic and Atmospheric 
Administration [NOAA], United States Geological Survey 
[USGS]); 

• State agencies (Alaska Department of Natural Resources 
- Division of Geological & Geophysical Surveys [ADNR], 
Alaska Department of Transportation [ADOT], Alaska 
Industrial Development and Export Authority [AIDEA]); 

• Academia; 
• NGOs (Pew Charitable Trusts, Arctic Research 

Consortium of the United States [ARCUS], The Wildlife 
Society [TWS], Ocean Conservancy, International Union 
for Conservation of Nature [IUCN]); and, 

• Industry (oil and gas, shipping).

Figure 23. Participants	reviewing	the	gallery	posters	(left)	and	project	introduction	by	Dr.	Denny	Lassuy,	Acting	Executive	Director	NSSI	(right)
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Figure 24. Summary	of	the	conceptual	process	guiding	Workshop	2	activities
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Figure 25. Organization	of	Workshop	2	activity	objectives

Participants were subdivided into five breakout groups, 
organized to reflect a wide breadth of expertise in each 
group. The majority of workshop activities focused on group-
based exercises. 

4.3. Scenario Process
Workshop 2 used the outcomes produced in Workshop 
1 as the basis for all the activities, mainly the set of 
plausible alternative futures under High, Medium, and Low 
development conditions. The first step focused on the 
prioritization of the implications subcategories that would 
be most critical to future resource management decisions 
on the North Slope and adjacent seas. Step two proceeded 
with the evaluation of each of the critical implication 
subcategories in terms of geographic extent/expected 
intensity and level of existing knowledge. Having further 
characterized the implications, the third step focused on 
the selection of development features in each scenario 
that could trigger changes within the critical implication 
subcategories. The fourth step focused on the identification 
of the most plausible implications and associated secondary 
consequences of the development features. The final step 
concentrated on the geographic location and extent of both 
the identified development features and the corresponding 
extent of the plausible implications and associated secondary 
consequences. These steps are described in the diagram in 
Figure 24. During the months following the workshop, these 
results were summarized and analyzed, and the outcomes 
served as the basis for Workshop 3 activities. 

Identify�scenario�features�expected�to�
trigger�changes

Prioritize�scenario�implication�
subcategories

Identify�and�characterize�critical�
implications

Review�and�selection�of�implications�
from�all�groups

Map�and�select�most�plausible�
implications�for�each�scenario
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4.4. Summary of Activities and 
Intermediate Results
As previously mentioned, the development conditions for 
each of the three participant-identified scenarios were the 
departure point for this second workshop. Additionally, a 
subset of topical implication categories and subcategories 
were selected from the NSSI Scenario background papers 
and the “Emerging Issue Summaries” based on the prioritized 
drivers from the first workshop. The final list was organized 
into six major topics. From this group, the 23 most relevant 
implication subcategories were chosen (Figure 26), in terms 
of how critical they were to future resource management 
decisions on the North Slope and adjacent seas. 

Following is a brief description of each subcategory (provided 
to workshop participants during the exercise).

Subsistence
• Hunting and Trapping (on Land)—subsistence activities 

on land intended to harvest land animals for food or 
other purposes (e.g., caribou, wolves, waterfowl).

• Marine Mammals—marine subsistence collection 
activities, including whaling, seal and walrus hunting.

• Fishing—subsistence fishing activities, mostly freshwater 
and limited nearshore use.

• Other Harvesting (including plants)—other subsistence 
harvesting activities (e.g., collection of berries and other 
vegetation) for food or other purposes.

Economic Factors
• Oil and Gas Revenue and Employment—income and jobs 

generated by the oil and gas industry in the region.
• Alternative Energy Revenue & Employment—income 

and jobs within the region created by development of 
other sources of energy, such as wind and solar.

• Tourism Revenue & Employment—local income and jobs 
generated from tourism activity.

• State and Local Tax Revenue—income provided to the 
Borough and State government from economic activity.

Human/Social
• Health and Safety—implications on the physical well-

being of North Slope residents related to factors such as 
contamination of food or water sources, and shifts from 
traditional subsistence foods to a more Western-style 
diet.

• Community Culture—sustainability of local livelihood 
and traditions of North Slope communities.

• Demographics—shifts in age ranges, gender, and 
ethnic makeup of North Slope residents due to an 
influx of new residents seeking employment in the 

Figure 26. The	six	implication	categories	and	corresponding	23	subcategories
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Figure 27. Groups	discuss	the	relative	priority	level	for	each	driver

energy development or resource extraction industry, or 
migration of existing residents to other areas.

Natural Environment – Marine and Coastal Ecosystems
• ESA-Listed Species—species listed under the federal 

Endangered Species Act, currently primarily from marine 
and coastal ecosystems.

• Other Marine Species—marine species that are not 
threatened or endangered, but could be affected by the 
changes described under each scenario.

• Marine Oil Spills—the potential occurrence of oil spills in 
the adjacent seas and coastal areas.

• Other Contaminants—other pollution related to energy 
development or resource extraction activities in marine 
and coastal ecosystems.

Natural Environment – Terrestrial and Freshwater Ecosystems
• Migratory and Other Birds—terrestrial and freshwater 

ecosystem bird species that are not threatened or 
endangered but could be affected by the changes 
described under each scenario.

• Other Terrestrial/Freshwater Ecosystems Species—
terrestrial and freshwater ecosystem species that are 
not threatened or endangered, but could be affected by 
energy development and resource extraction activities.

• Vegetation—plant species that could be affected in 
terrestrial and freshwater ecosystems.

• Oil Spills and Other Contaminants—the potential 
occurrence of oil spills and other pollution related to 
energy development and resource extraction activities 
in terrestrial and freshwater ecosystems.

Natural Environment – Physical Factors
• Permafrost—changes in frozen soil or active layer 

depth and stability of the ground related to shifts in 
temperature or hydrologic regimes in the region.

• Erosion—loss of soil through physical weathering by 
water and wind activity, primarily along coasts and rivers.

• Sea Ice—shifts in the seasonal extent, distribution, and 
thickness of ice in the Beaufort and Chukchi Seas.

• Hydrology— changes in the movement, distribution, or 
quality of water, including the hydrologic cycle, water 
resources (e.g., river flow, water levels in lakes and 
ponds), and environmental watershed sustainability.

These implication subcategories served as the primary input 
for the first activity of the workshop. The following section 
describes the activities and exercises that were completed to 
further evaluate each of the future scenarios.

4.4.1. Activity 1 Exploration and 
Prioritization of Scenario Implications
The first exercise focused on the 23 implication subcategories 
provided to the groups and their initial prioritization. 
Participants evaluated and prioritized up to 25  implication 
subcategories (provided as cards) in terms of how critical they 
are to future resource management decisions on the North 
Slope and adjacent seas (Figure 27). They were considered 
in light of each of the future development scenarios (High, 
Medium, and Low). The levels of prioritization were as follows: 
“least critical,” “not very critical,” “somewhat important,” 
“very critical,” and “most critical” (to future management 
decisions). Each category had a maximum number of cards to 
approximate a normal distribution amongst all five levels. The 
ends: “least critical” and “most critical,” had two cards each. 
The intermediate levels: “not very critical” and “very critical,” 
had five cards each, while the remaining level: “somewhat 



Prioritizing Science Needs Through Participatory Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas 

40

important” could have between 9 and 11 cards (depending 
on whether or not the blank cards were introduced by the 
group). Participants organized the set of implication category 
cards starting from the two extremes (most and least critical) 
under these defined priority levels, then continued with the 
following two, and so on (Figure 28). The seven subcategories 
placed under the “very critical” and “most critical” group 
were used for the remainder of the activities. 

For the second exercise, each group assessed and ranked the 
seven implication subcategory cards from the “very critical” 
and “most critical” groupings from high to low relative to 
existing knowledge (scientific or traditional) and intensity/
geographic extent. This discussion allowed groups to assess 
and evaluate each of the implication subcategories and the 
individual impacts each could have under each development 
scenario (Figure 29).

The third exercise focused on capturing the rationale behind 
the ranking of the final group of subcategory implications 
as the results of the previous exercise. Each group recorded 
their justification for the level of existing knowledge and 
intensity/geographic extent indicated by their placement of 
each subcategory, which provided a clearer explanation of 
their collective reasoning (Figure 30).

Figure 28. Groups	rank	each	of	the	prioritized	implication	
subcategories	by	intensity	and	level	of	existing	knowledge

Figure 29. Groups	document	their	rationale	for	ranking	each	of	the	
implication	subcategories

Figure 30. Relationships	between	development	features	and	
implication	subcategories	are	identified
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Figure 31. Based	on	the	expertise	in	every	group,	participants	
discuss	the	implications	and	triggers	identified	for	each	
subcategory

Figure 32. Sample	of	the	final	results	from	Activity	2

4.4.2. Activity 2 Implication Trigger 
Selection and Implication Identification
The first exercise of Activity 2 focused on the pairing of future 
development features that could trigger changes for each 
of the prioritized implication subcategories identified in the 
prior activity (Figure 31). A list of the development features 
identified in each scenario (Workshop 1) was provided to 
each group, which participants used to indicate the specific 
implication subcategories and how they might be associated 
with the various infrastructure and development features 
identified under each scenario. 

Having linked each implication subcategory with the 
corresponding development features, groups were then able 
to identify the plausible direct implications and associated 
triggers in the second part of this activity. Participants listed 
up to three critical direct implications per subcategory, along 
with the secondary consequences and the specific features 
that trigger them. This exercise was replicated for all three 
development scenarios. As part of this activity, participants 
conducted an additional round of prioritization. Each group 
was asked to select the seven most critical implications they 
identified for each scenario. To account for the broader 

An example of the final product developed as part 
of Activity 2 is shown in Figure 32. This example was 
taken from the full sheet of implications identified 
by Group B for the High Scenario. Groups based 
their work around the 7 top subcategory groups 
(Activity 1) and identified up to 3 implications, 1 on 
each of the yellow sticky notes provided for every 
subcategory. Each of these sheets corresponded 
to one implication, along with the corresponding 
consequences and development features that 
serve as their triggers. 
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MEDIUM DEVELOPMENT SCENARIO

Figure 33. Groups	sketch	the	spatial	extent	of	the	development	features	and	implications	on	the	maps	for	each	scenario

range of expertise in each group, each participant voted for 
the seven implications that they considered to be the most 
critical within their group. All votes were tallied, and the seven 
implications with the majority of votes were highlighted for 
the following exercise. Those implications that received an 
equal number of votes underwent further discussion within 
the group until a final consensus was reached. 

The third and final exercise focused on the geographic 
scope of the implications. Sketches were made indicating 
the geographic extent of the final prioritized implications on 
regional maps which illustrated the development features for 
each scenario (as identified in Workshop 1) (Figure 33). An 
example of the map sketches produced as part of this activity 
is shown in Figure 341. 

As with the prior workshop, a representative was chosen for 
1 The numbers shown on the map below refer to specific implications 
identified within each group, while the lines and other graphic symbols 
identify the geographic extent or area of impact of each implication. 

Figure 34. Final	sketches	of	development	features,	implications	and	
related	triggers	per	scenario	-	Medium	Development
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Figure 35. Participants	
review	 the	 materials	
produced	by	each	of	the	
breakout	groups	for	the	
final	ranking	exercise

Figure 36. All	materials	developed	by	the	breakout	groups	in	Activity	1	and	2	were	posted	to	share	with	all	participants

each breakout group and a brief presentation was given to 
summarize the final results from each group, including the 
descriptions of their top implications and the corresponding 
map sketches. Following the presentation, individual 
participants were asked to take a few minutes to review 
each group’s output (Figure 35 and 36) and make two final 
selections on the ballots that were provided: (1) the top five 
most plausible implications across all development scenarios 
that they expect to be most critical for research and monitoring 
efforts for resource managers in the region through 2040, 
and (2) the group that compiled the most plausible overall 
selection of implications under each scenario. This final 
exercise concluded the activities for Workshop 2.

The final list of prioritized implications is presented in Chapter 
5 (Workshop 3 - Research and Monitoring Efforts) to enable 
a cleaner comparison with the results of the Research and 
Monitoring activities. 

(Additional workshop documentation is available in Appendix 
6.)
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Figure 37. Diagram	of	the	process	applied	for	the	level	of	agreement	
analysis	of	Workshop	2	results
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4.5. Final Results for Workshop 2, 
Scenario Implications
The results and materials produced during Workshop 2 were 
analyzed in order to compare the implications of potential 
future development identified by participants and quantify 
the agreements of implications between groups in a robust 
and analytical way. In Workshop 2, a level of agreement 
analysis was conducted in order to compare the plausible 
implications that participants identified in the mapping 
activity of the workshop. The level of agreement analysis 
consisted of both spatial and non-spatial strategies (see 
Figure 37). It is important to note that “agreement” in this 
context indicates that participants had similar opinions 
about the presence, absence, and extent of an implication, 
but does not imply a higher level of importance or consensus 
about the specific details of the topics identified under 
each subcategory. The analysis provided a broader view 
of the spatial patterns and concentration of areas where 
implications were identified across groups, which helped 
inform the process of prioritizing subcategories for the final 
workshop. Using the implication areas that were generated 
by workshop participants, the spatial component of the 
scenario implication analysis consisted of an overlay analysis 
to examine the spatial agreements between groups. This 
helped identify overlaps between implications within the 
same subcategory under each plausible development 
scenario. In the non-spatial analysis, the relationship between 
villages and implications were examined. This was done 
by assessing the number of implications that participants 
indicated by circling North Slope villages on the map. 

4.5.1. Non-Spatial Analysis
IMPLICATIONS: VILLAGES
The non-spatial analysis focused on the subcategory 
implications for the villages on the North Slope. This analysis 
allowed the identification of villages for which there were 
agreements between groups for similar implications. 

In the High Development Scenario, the most agreements 
between groups can be found in the villages of Wainwright, 
Barrow, and Nuiqsut for the implication subcategories of 
Health and Safety and Community Culture. In Wainwright 
and Nuiqsut, three groups were in agreement about Health 
and Safety, while in Barrow and Nuiqsut, three groups 
were in agreement about Community Culture implications. 
The Community Culture implications include topics such 
as industry and government relationships, adjustments to 
institutional coordination, and the increase of cash flow. 
The Health and Safety implications address factors such as 
changes in diet and behaviors, exclusions from traditional 
hunting areas, and the possibility of onshore and offshore 

development affecting health and safety of local communities 
and workers. Most other implication subcategories only 
had one or two groups indicating villages anticipated to be 
affected under the High Scenario (Table 7 and Figure 38).

In the Medium Development Scenario, the most agreement 
between groups were in the Community Culture and State 
and Local Tax Revenue subcategories, for all North Slope 
Borough villages. The Community Culture subcategory 
implications in this scenario include issues regarding cultural 
heritage and the altering of subsistence diets. The Medium 
Development Scenario features a higher level of agreement 
between groups than the other development scenarios. 
The implication subcategories of Oil and Gas Revenue and 
Employment and State and Local Tax Revenue were indicated 
by at least two groups in all villages except Kivalina (Table 8 
and Figure 38). 

The Low Development Scenario features the most agreements 
between groups for Health and Safety implications in 
Wainwright, Kaktovik, Barrow, and Point Hope. High levels 
of agreement were also found for the Community Culture 
and State and Local Tax Revenue subcategories. These 
subcategory implications include issues such as reduced 
capital investment, fewer jobs, less access to health resources, 
and an improved situation with respect to contaminants 
(Table 9 and Figure 38).
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Village Wainwright Barrow Nuiqsut
Anaktuvuk 

Pass
Point 
Hope

Point 
Lay

Atqasuk Kaktovik Kivalina Umiat

Health and Safety 3 2 3 2 2 2 2 2 1

Community Culture 2 3 3 2 2 1 1 2 1

Marine Mammals 1 1 1 1 1 1 1 1 1

Oil/Gas Revenue and 
Employment

1 1 1 1 1 1 1 1 1

Permafrost 1 1 1 1 1 1 1

Marine Oil Spills 1 1 1 1 1 1 1 1

Hunting and Trapping 1 1 1 1

Demographics 1 1

Hydrology 1

Village Wainwright Barrow Nuiqsut
Anaktuvuk 

Pass
Point 
Hope

Point 
Lay

Atqasuk Kaktovik Kivalina

Community Culture 3 4 3 4 4 4 4 4

State and Local Tax 
Revenue

3 3 3 3 3 3 3 3 2

Health and Safety 3 3 1 2 2 2 2 2

Oil/Gas Revenue and 
Employment

2 2 2 2 2 2 2 2 1

Marine Oil Spills 2 2 2 2 2 2 1 2

Marine Mammals 1 1 1 1 1 1 1 1 1

Permafrost 1 1 1 1 1 2 1

Hunting and Trapping 1 1 1 1 1 1 1 1

Village Wainwright Barrow Nuiqsut
Anaktuvuk 

Pass
Point 
Hope

Point 
Lay

Atqasuk Kaktovik Kivalina Umiat

Health and Safety 4 4 3 2 4 3 2 4 3 2

Community Culture 4 4 3 2 3 2 2 4 2 1

State and Local Tax 
Revenue

3 3 3 3 3 2 2 3 1 1

Erosion 2 2 1 2 2 1 2 2 1

Hunting and Trapping 2 2 2 2 2 1 1 2 1

Fishing 2 1 1 1 1 2 1 1

Alternative Energy 
Revenue and 
Employment

1 1 1 1 1 2 1 1

Demographics 1 1 1 1 1 1 1

Marine Mammals 1 1 1 1 1 1 1

Oil/Gas Revenue and 
Employment

1 1 1 1 1 1 1

Primacy of tribal 
government

1 1

Table 7. Village	specific	presence	/	absence	analysis	-	High	Development	Scenario

Table 8. Village	specific	presence	/	absence	analysis	-	Medium	Development	Scenario

Table 9. Village	specific	presence	/	absence	analysis	-	Low	Development	Scenario
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HIGH DEVELOPMENT SCENARIO

MEDIUM DEVELOPMENT SCENARIO

LOW DEVELOPMENT SCENARIO

Figure 38. Results	 from	 the	 non-spatial	 analysis	 of	 the	 number	 of	
implications	 identified	 by	 the	 breakout	 groups	 per	 implication	
subcategory

4.5.2. Spatial Implication Analysis
The implication analysis builds upon the body of data generated 
by workshop participants who not only dimensioned the 
development conditions that they thought would take place 
under the three scenarios but also identified, prioritized, and 
mapped the extent of the implications that could plausibly be 
expected under these conditions. The aim of the implication 
analysis was to develop maps or cartographic visualizations 
and to analyze the extent and intensity that the identified 
scenario features and corresponding implication areas would 
have on current biotic and abiotic systems in the North 
Slope and adjacent seas. In order to accomplish this, two 
spatial databases were compiled; the first was comprised of 
participant-identified implication boundaries, and the second 
included spatial data pertinent to the implication subcategories 
that were prioritized through the workshop process. 

The data for the participant implication geodatabase was 
created during a mapping activity in which participants 
sketched areas that they associated with specific implications. 
The maps from this collaborative activity were then digitized 
and georeferenced using the methodology that was described 
in the Digitization of Workshop Products section of the report. 
Where multiple overlapping areas were identified for a specific 
implication subcategory, only the areas of agreement were 
included in the analysis. The second spatial database that 
was created incorporated public sector and non-profit data 
specific to the critical implication subcategories identified in 
the workshop. These datasets included known habitat areas 
for relevant subsistence and ESA-listed species, areas of 
concern for erosion and oil spills, and zones of thermokarst 
potential. Once the databases were created, the implication 
areas delineated by participants were overlaid on the relevant 
datasets in order to quantify the area of overlap and/or the 
number of specific features that fall within each implication 
area.

The first step of this process involved the transfer of sketches of 
the implications to a digital format for further spatial analysis, 
and scientific geospatial information was integrated into the 
analysis of the sketches (Figure 39). 

In the High Development Scenario, the subcategories with the 
highest level of spatial agreement were Marine Oil Spills and 
Hunting and Trapping (on Land). Based on the spatial analysis, 
five groups were found to be in agreement that Marine Oil 
Spills implications could plausibly occur in concentrated areas 
of the coastal waters of Wainwright, Barrow, and Prudhoe 
Bay. In addition, the majority of groups are in agreement that 
Marine Oil Spills implications could occur all along the coast of 
the North Slope. In Figure 40, the level of agreement analysis 
for Hunting and Trapping (on Land) indicated that four groups 
agree on the plausibility of hunting and trapping implications 
along the infrastructure corridors identified in this scenario, 
such as the potential road and pipeline that could run from 
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4�Groups�
Agree

Input:�Sketches�on�maps�(Workshop�2)

Spatial�Overlay�Analysis
•� Evaluate�feature�overlap�

with�identified�implication�
areas

Additional�Spatial�Data
•� NSSI�Catalog�+�GINA
•� North�Slope�REA
•� Federal/State�agencies

Evaluation�of�Data�Sources
•� Coverage�extent
•� Comparison�of�alternate�

sources
•� Level�of�detail�and�validation

Figure 39. Diagram	of	the	process	applied	for	analysis	of	the	spatial	
components	from	the	participants	sketches

Nuiqsut to Wainwright, the existing TAPS pipeline, and the road 
that could, under this scenario, run from Wainwright to Barrow. 
The overlay analysis revealed a low level of spatial agreement 
for the implication subcategories of Marine Mammals—
Subsistence, ESA-Listed Species, Sea Ice, and Hydrology. 
The overlay analysis did not reveal spatial agreement for the 
implications associated with Erosion, Oil and Gas Revenue & 
Employment, Permafrost, and Migratory and Other Birds. See 
Appendix 5 for additional details on the High scenario.

In the Medium Development Scenario, the implication 
subcategories with the highest level of spatial agreement were 
Marine Oil Spills, ESA-Listed Species, and Marine Mammals—
Subsistence. Three groups from Workshop 2 indicated plausible 
Marine Mammals—Subsistence implications along the entire 
coast of the North Slope (Figure 41). For the implication 
subcategory ESA-Listed Species, the highest level of spatial 
agreement was located near Point Thomson. In addition, three 
groups were in agreement about ESA-listed species implications 
in the Chukchi Sea lease areas off the coast near Wainwright. 
For the Marine Mammals—Subsistence subcategory, three 
groups sketched overlapping implications along the entire coast 
of the North Slope. The overlay analysis revealed a low level 
of agreement for the implication subcategories of Sea Ice and 
Permafrost. There was no spatial agreement for the implication 
subcategories of Erosion, State and Local Tax Revenue, Health 
and Safety, and Hunting and Trapping (on Land).

Figure 40. Example	of	spatial	analysis	realized	for	the	subcategory	“Hunting	and	Trapping	(on	Land)”	-	High	Development	Scenario
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3�Groups�
Agree

Figure 41. Implication	areas	for	“Subsistence	-	Marine	Mammals”	-	Medium	Development	Scenario

Due to the limited amount of data generated by workshop 
participants in the Low Development Scenario (i.e., few 
implications were mapped), the highest number of spatial 
agreements occur in the Marine Mammals—Subsistence 
and Migratory and Other Birds implication subcategories. 
However, in both of these subcategories, the agreement is only 
between two groups. For Migratory and Other Birds, groups 
were in spatial agreement about implications occurring in the 
terrestrial and coastal areas of Prudhoe Bay (Figure 42). The 
identified implications were a shifting of focus to the effects 
of climate change on birds, and localized habitat improvement 
in the area of Prudhoe Bay due to reduced activity and 
decommissioning of infrastructure. Overall, while there were 
fewer overlaps between groups, both geographically and 
categorically, there was broad agreement that the absence of 
resource and energy development in the Low scenario would 
have potentially negative consequences on both State and 
Local Tax Revenue and Health and Safety (in terms of access 
to health care). Again, it is worth noting that agreement in this 
context indicates shared impressions about the type or location 
of implications, not their overall importance or whether they 
have a positive or negative connotation.

The following list summarizes the key findings from the spatial 
analysis, considering only the geographic extent and overlap 
between groups (not an indication of agreement on the 
specific implication or overall subcategory importance).

• Community Culture implications have a high level of 
agreement in all three development scenarios.

• Marine Oil Spills implications have a high level of 
agreement in the High and Medium Development 
Scenarios.

• Hunting and Trapping (on Land) implications have 
a high level of agreement in the High and Medium 
Development Scenarios.

• Marine Mammals—Subsistence implications have 
a high or medium level of agreement in all three 
development scenarios.

• Health and Safety implications have a high or 
medium level of agreement in all three development 
scenarios.

• ESA-Listed Species implications have a high level of 
agreement in the Medium Development Scenario 
and medium level of agreement in the High 
Development Scenario.

• Decommissioning and Reclamation of Infrastructure 
implications have the highest number of individual 
votes, but no agreements between groups.

IMPLICATIONS: SUB-CATEGORIES
An additional analysis of the prioritized scenario implications 
identified in Workshop 2 was conducted to quantify the extent 
of overlap between the implication areas and spatial datasets 
representing critical elements related to each subcategory. 
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For example, the extent of subsistence species habitats and 
migration areas, and sections of coastline susceptible to 
erosion and oil spills.

The implication subcategories identified as the top priorities 
through the final selection process (and the corresponding 
scenario[s] to which they apply) were the following:

• Marine Oil Spills [high, medium]
• Marine Mammals—Subsistence [all scenarios]
• Hunting and Trapping (on Land) [all scenarios]
• Community Culture [all scenarios]
• Health and Safety [all scenarios]
• Permafrost [high, medium]
• Hydrology [high]
• Erosion [all scenarios]
• ESA-Listed Species [all scenarios]
• Decommissioning and Reclamation of   
 Infrastructure [low]
• State and Local Tax Revenue [medium, low]

Due to the absence of geographic delineations of implications 
for some of these subcategories, namely Community Culture, 
Health and Safety, Decommissioning and Reclamation of 
Infrastructure, and State and Local Tax Revenue, additional 
spatial analysis was not performed for these implications. 
The other subcategories were evaluated against the best 

available datasets associated with each topic, in order to 
provide a comparative assessment of the extent and scale of 
the plausible implications identified by workshop participants. 

The implication assessment for a subset of the implication 
subcategories: Marine Oil Spill, Marine Mammals—
Subsistence, ESA-Listed Species, and Hunting and Trapping 
(on Land) consisted of intersecting the relevant habitat and 
subsistence spatial data with the delineated implication 
areas, in order to understand the total area of animal habitat 
and subsistence use areas that would be affected under 
each scenario. The Permafrost implication assessment 
consisted of intersecting permafrost and thermokarst data 
with the implication boundary, with the end result depicting 
a breakdown of permafrost and thermokarst characteristics 
that fell within the implication areas for each development 
scenario. For the Erosion implication subcategory, workshop 
participants drew implication boundaries that spanned the 
entire coast of the study region. The implication assessment 
for Erosion examined the rates of erosion using USGS transect 
data to compare against the identified development features 
in each of the development scenarios. 

The results of this analysis were compiled into one-page 
summaries, which can be found in Appendix 7 of this report. 
These provided a reference for participants in the final 
workshop.

Figure 42. Implication	areas	for	“Migratory	and	Other	Birds”	-	Low	Development	Scenario
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Chapter 5 
Workshop 3: Research and Monitoring
february 9-10, 2016
University	of	Alaska	Fairbanks,	International	Arctic	Research	
Center,	Room	501

5.1. Workshop Goals
The goal of this third and final workshop was to discuss and 
identify what kind of research and monitoring will be needed 
to detect, assess, and respond to the identified range of 
plausible development-driven changes on the North Slope 
and adjacent seas. 

5.2. Participants
The third workshop hosted 39 participants, who represented 
a wide range of knowledge on the topics concerning the 
North Slope and adjacent seas. Members from the NSSI STAP, 
SSC, and Oversight Group participated in the activities, as did 
representatives from the following entities or organizations:
North Slope residents; 
• Federal agencies (Bureau of Land Management [BLM], 

Bureau of Ocean Energy Management [BOEM], Bureau 

of Safety and Environmental Enforcement [BSEE], 
National Park Service [NPS], United States Fish and 
Wildlife Service [FWS], United States Arctic Research 
Commission [USARC], National Oceanic and Atmospheric 
Administration [NOAA], United States Geological Survey 
[USGS], Arctic Research Consortium of the United States 
[ARCUS]); 

• State agencies (Alaska Department of Natural Resources 
[ADNR]); 

• Academia; 
• NGOs (The Wildlife Society [TWS], International Union 

for Conservation of Nature [IUCN]); and
• Industry (oil and gas, shipping)

All participants were organized into eight topical groups, 
representing the eight subcategories that were identified 
as priorities through the Workshop 2 activities. The 
subcategories represented were the following: Marine 

Figure 43. Project	 introduction	by	Dr.	Denny	Lassuy,	Acting	Executive	Director	NSSI	(left)	and	participants	organized	in	their	corresponding	
topical	breakout	groups	(right)
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Figure 44. Summary	of	the	conceptual	process	guiding	Workshop	3	activities
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Mammals—Subsistence, Hunting and Trapping (on Land), 
Health and Community Well-Being1, Erosion, ESA-Listed 
Species, Marine Oil Spills, Decommissioning and Reclamation 
of Infrastructure, Permafrost, and Hydrology2.  Participants 
were assigned to the groups based on their field of expertise 
or topical knowledge. 

5.3. Scenario Process
The third and final workshop was designed to use the final 
products and subsequent analysis of the previous two 
workshops as a starting point for the activities. Through 
this scenario-guided process, participants were tasked with 
identifying the research and monitoring (R&M) efforts that 
will be needed to detect, assess, and respond to the identified 
range of plausible development-driven changes on the North 
Slope and adjacent seas.

The first step of this final workshop was the identification 
of key current R&M efforts that address the implications 
provided to each group (from Workshop 2). Having identified 
the existing efforts, participants then identified the key future 
R&M efforts necessary to detect, assess, and respond to the 
shifting conditions in the study region using the scenario 
implications to guide their discussion (step two). Step three 
involved the characterization of future R&M efforts through 
a series of defined evaluation categories, which helped 
participants develop a list of prioritized efforts. With the 

1  This topic was originally titled Health and Safety but due to the wide 
range of subjects it encompassed, the breakout group changed the name to 
Health and Community Well-Being.
2  It is important to note that two of the sub-groups, Permafrost 
and Hydrology, were combined for the workshop activities due to the 
overlapping nature of the implications and the experts invited. The results 
for each group are presented independently, except in the final selection 
process.

Identify�future�research�and�monitoring�
needs�and�map�their�extent

Identify�key�current�research�and�
monitoring�efforts�in�the�region

Characterize�the�identified�future�
research�and�monitoring�needs

Prioritize�the�top�future�research�and�
monitoring�needs

Figure 45. Organization	of	Workshop	3	activity	objectives

condensed list of key efforts, the fourth phase focused on 
the development of crucial variables and measurements 
that would be required for each effort. This final step of the 
process allowed all participants to rank the top future R&M 
efforts, in order to identify which ones have overarching 
utility across topics or scenarios, as a means to better inform 
resource management decision-making in the North Slope 
and adjacent seas.
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5.4. Summary of Activities and 
Intermediate Results
The five main workshop activities were designed to help 
participants identify the research and monitoring needs 
for their particular topical subcategory. The eight breakout 
groups represented the top implication subcategories from 
Workshop 2. Each group was comprised of a variety of topical 
experts and highly knowledgeable participants (Figure 46 to 
Figure 53). (Summary factsheets for each subcategory group 
are provided in Appendix 7.)

5.4.1. Activities 1 and 2 Key Current and 
Future Research and Monitoring Effort 
Identification
The first activity focused on the identification of key current 
research and monitoring efforts that are taking place in the 
region, which relate to the implications put forth in each 
development scenario (High, Medium, and Low). With this 
list of current actions and efforts that directly respond to 
the implications put forth, potential voids or areas of further 
research were identified and addressed in the second 
activity. The second activity focused on anticipating the 
future R&M efforts that will be required to detect, assess, 
and respond to the shifting conditions of the development-
driven implications of each scenario through 2040. 

The implications used for both activities were developed 
as part of Workshop 2 activities and are presented in the 
following pages, organized by subcategory. The results for 
Activity 1 and 2 are not presented in the following pages, as 
they served as a guide and baseline for the development of 
Activity 3. 

As previously mentioned, the implications used as a base 
of knowledge for the workshop pertain to prior workshop 
results. However, due to the particular expertise found 
in breakout groups for Workshop 3, several additional 
implications were identified. These additions did not alter the 
original implications; their intention was to supplement the 
existing knowledge and incorporate additional information 
from the participating experts (additions indicated in italics). 

As part of Activity 2, the geographic extent of the R&M efforts 
were captured in maps. The base maps and the corresponding 
implications provided to each group are presented in the 
following pages.

5.4.2. Activity 3 Prioritizing Future 
Research and Monitoring Efforts

Activity 3 was focused on the evaluation and prioritization 
of future research and monitoring activities. Each group was 
asked to rate the effort based on the prioritization criteria 
provided in the tables shown in the following pages, with 
each response having a particular value. Once all categories 
were complete, the final score was tabulated and the five 
efforts with the highest values advanced to the next activity. 
Participants also had internal group discussions to deal with 
ties and other related issues to achieve the final five efforts. 
The final results of this activity are presented in the following 
tables, organized according to subcategory. The outcome 
of this process represents the top five efforts identified 
by each group, across all scenarios, which can best detect, 
assess, and respond to the changing conditions that are a 
consequence of direct implications under each development 
scenario through 2040. The first seven evaluation categories 
were given to all groups, while the last two (darker blue) 
were left blank for participants to include additional criteria, 
and therefore vary amongst the groups

The following pages present summaries of activities 
1, 2, and 3 and are organized by subcategory. The 
first spread for each subcategory shows all of the 
implications identified for each scenario (Workshop 
2 results) and the second spread presents the 
future efforts identified. The efforts presented 
in the following pages are not listed in a priority 
order. The prioritized group of efforts is presented 
in section 5.5.

Larger versions of the maps provided for each of 
the subcategories for the three scenarios shown in 
the following pages can be found in Appendix 7.
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Figure 46. Group:	Marine	Oil	Spills

Figure 47. Group:	Subsistence	Harvest	of	Marine	Mammals

Figure 48. Group:	Permafrost	and	Hydrology

Figure 49. Group:	Erosion

Figure 50. Group:	Decommissioning	and	Reclamation	of	
Infrastructure

Figure 51. Group:	ESA-Listed	Species

Figure 52. Group:	Health	and	Community	Well-Being

Figure 53. Group:	Hunting	and	Trapping	(on	Land)
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Activities 1 and 2

Research and Monitoring Effort 
Identification 

SUBCATEGORy: 
MARINE OIL SPILLS

Subcategory definition:

• The potential occurrence of oil spills due to resource 
extraction activities in the adjacent seas and coastal 
areas.

Summarized Implications

H1

Higher level of development (more offshore production, 
increased pipeline miles, and shipping of large volumes of 
oil) results in higher risk of catastrophic event (VLE-Very 
Large Event) which causes significant injury to marine/
coastal environment, mortality to marine mammals and 
birds, and possible long-term restructuring the ecosystem.

H2
VLE has economic repercussions at local, state, and 
national levels and reduces trust in industry ability to 
prevent and respond to marine oil spills.

H3

VLE impacts harvesting of subsistence resources by raising 
concerns for health and safety and community cultural 
practices, and may lead to greater reliance on Western 
foods.

H4

In addition to the above-listed impacts, a VLE that occurs 
late in the season and exceeds capability to effectively 
respond to the volume of oil spilled could result in the 
oiling of large areas of coastline and oil trapped under ice, 
with unknown consequences.

H5

With higher oil and gas development comes the 
requirement for the greater presence of oil spill response 
equipment, technology and personnel to be staged in the 
area with onshore consequences (e.g., storage, dump 
space, housing).

H6
Improved	spill	response	will	reduce	ecological,	
socioeconomic,	and	cultural	impacts	(preparedness).

High�Scenario

Figure 54. Workshop	participants	from	the	Marine	Oil	Spills	group *Note:	 text	 that	appears	 in	 italics	 represents	 implications	 included	by	the	
topical	experts	from	Workshop	3.	



Prioritizing Science Needs Through Participatory Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas 

55

Medium�Scenario

Summarized Implications

M1

Higher level of development (more offshore production, 
increased pipeline miles, and shipping of large volumes of 
oil) results in higher risk of catastrophic event (VLE), which 
causes significant injury to marine/coastal environment, 
mortality to marine mammals and birds, and possible long-
term restructuring of the ecosystem. (Same as High, but 
at somewhat lower risk and more concentrated on coastal 
environments, especially in the Beaufort area.) 

M2

VLE has economic repercussions at local, state, and 
national levels and reduces trust in industry ability to 
prevent and respond to marine oil spills. (Same as High, 
but at somewhat lower risk.)

M3

VLE impacts harvesting of subsistence resources by raising 
concerns for health and safety and community cultural 
practices, and may lead to greater reliance on Western 
foods. (Same as High, but at somewhat lower risk and 
more concentrated on coastal environments, especially in 
the Beaufort area.) 

M4

In addition to the above-listed impacts, a VLE that occurs 
late in the season and exceeds capability to effectively 
respond to the volume of oil spilled could result in the 
oiling of large areas of coastline and oil trapped under 
ice, with unknown consequences. (Same as High, but at 
somewhat lower risk and more concentrated on coastal 
environments, especially in the Beaufort area.)

M5 Pause	in	large-scale	industry	exploration

Low�Scenario

Summarized Implications

L1 No	industry	funding	for	development.

L2 Reduction	in	ongoing	research	funding	from	industry.
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SUBCATEGORy: MARINE OIL SPILLS

Effort Geographic Extent of Research and 
Monitoring Efforts

Effort 
Applicable 

to the 
Following 

Implications

Future Efforts 

Prioritization Criteria Additional Criteria

Complexity 
of R&M 
Effort

Low 
Medium 

High

Cost 
(Relative)

$ 
$$ 
$$$ 

Timeliness of 
R&M Need

ASAP 
Midterm 
Eventually 

Level of 
Existing 

Knowledge 
Low 

Medium 
High 

Plausibility 
of the R&M 

Need
High 

Medium 
Low 

Addresses 
Multiple 
Direct

Implications 
>2 
2
1 

Applicable to 
Multiple

Scenarios
Low 

Medium 
High

 Local 
Knowledge
Involvement

Low 
Medium 

High 

Ability to 
Minimize 
Damage

Low 
Medium 

High 

1

H1, H3, H6 
M1, M3, M5

Identify indicator species/habitat and conduct long-term 
monitoring vs. large-scale baseline studies.

Medium  $$/$$$ ASAP High High >2
High, 

Medium
Medium Low

H1, H3, H6 
M1, M3, M5

Develop new techniques in the deflection of wildlife from 
spills.

Medium $$ ASAP Low Medium >2
High, 

Medium
High High

2
and

3

H2 ,H4, H5, 
H6, M2, M4,

Monitor impact of oil spills from nearshore wells affected by 
erosion and permafrost-degradation.

Low $ Midterm

Low for 
location, 
Medium 

for how to 
monitor

High 1
High, 

Medium
Low Medium

H2, H4, H5, 
H6, M2, M4

Continued improvement in ice response technologies in 
shoulder seasons (spring/fall).

High $$$ ASAP Low High >2
High, 

Medium
Medium High

H1, H2, H5, 
H4, H6, M1, 
M2, M4, M5 

Improve ice management capabilities. Low $$ Midterm Medium High 2
High, 

Medium
High High

4
H4, H6, M4, 
M5, L1

Research on how to respond to oil spills from other users 
(e.g. cruise ships, fuel tankers).

Low $$ Midterm Medium High 2
High, 

Medium, 
Low

High Medium

5
H1, H2, H3, 
H6, M1, M2, 
M3, M5, L1

Monitor subsistence use patterns and how they are 
changing.

Low $ Midterm High High 2
High, 

Medium, 
Low

High Low

Activity 3 | Prioritizing Future Research and Monitoring Efforts
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Effort Geographic Extent of Research and 
Monitoring Efforts

Effort 
Applicable 

to the 
Following 

Implications

Future Efforts 

Prioritization Criteria Additional Criteria

Complexity 
of R&M 
Effort

Low 
Medium 

High

Cost 
(Relative)

$ 
$$ 
$$$ 

Timeliness of 
R&M Need

ASAP 
Midterm 
Eventually 

Level of 
Existing 

Knowledge 
Low 

Medium 
High 

Plausibility 
of the R&M 

Need
High 

Medium 
Low 

Addresses 
Multiple 
Direct

Implications 
>2 
2
1 

Applicable to 
Multiple

Scenarios
Low 

Medium 
High

 Local 
Knowledge
Involvement

Low 
Medium 

High 

Ability to 
Minimize 
Damage

Low 
Medium 

High 

1

H1, H3, H6 
M1, M3, M5

Identify indicator species/habitat and conduct long-term 
monitoring vs. large-scale baseline studies.

Medium  $$/$$$ ASAP High High >2
High, 

Medium
Medium Low

H1, H3, H6 
M1, M3, M5

Develop new techniques in the deflection of wildlife from 
spills.

Medium $$ ASAP Low Medium >2
High, 

Medium
High High

2
and

3

H2 ,H4, H5, 
H6, M2, M4,

Monitor impact of oil spills from nearshore wells affected by 
erosion and permafrost-degradation.

Low $ Midterm

Low for 
location, 
Medium 

for how to 
monitor

High 1
High, 

Medium
Low Medium

H2, H4, H5, 
H6, M2, M4

Continued improvement in ice response technologies in 
shoulder seasons (spring/fall).

High $$$ ASAP Low High >2
High, 

Medium
Medium High

H1, H2, H5, 
H4, H6, M1, 
M2, M4, M5 

Improve ice management capabilities. Low $$ Midterm Medium High 2
High, 

Medium
High High

4
H4, H6, M4, 
M5, L1

Research on how to respond to oil spills from other users 
(e.g. cruise ships, fuel tankers).

Low $$ Midterm Medium High 2
High, 

Medium, 
Low

High Medium

5
H1, H2, H3, 
H6, M1, M2, 
M3, M5, L1

Monitor subsistence use patterns and how they are 
changing.

Low $ Midterm High High 2
High, 

Medium, 
Low

High Low
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Summarized Implications

H1

Increased cumulative effects from a high level of 
development (noise, displacement, contaminants) leads to 
greater mitigation measures (time/area closures, conflict 
avoidance agreements, etc.).

H2

Oil spill(s) could impact the health of the subsistence 
species at the individual and population level and lead 
to reduced resource populations and increased (real and 
perceived) contamination, and therefore reduced hunting 
and consumption. 

H3
High development leads to changes in marine mammal 
distribution (use and movement areas) and thus reduced 
hunter success.

H4

Disturbance,	specifically	from	noise	from	shipping	and	oil/
gas	development,	could	impact	migration,	feeding,	social	
interactions,	stress,	denning,	etc.,	for	marine	mammal	
subsistence	species.

High�Scenario

Activities 1 and 2

Research and Monitoring Effort 
Identification 

SUBCATEGORy: 
MARINE MAMMALS-SUBSISTENCE

Subcategory definition:

• Marine subsistence harvest activities, including whaling, 
seal and walrus hunting; the migration and seasonal 
distribution of these species.

Figure 55. Workshop	participants	from	the	Marine	Mammals	group

*Note:	 text	 that	appears	 in	 italics	 represents	 implications	 included	by	the	
topical	experts	from	Workshop	3.	
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Summarized Implications

M1

Increased cumulative effects from a high level of 
development (noise, displacement, contaminants) leads to 
greater mitigation measures (time/area closures, conflict 
avoidance agreements, etc.). (Same as High, but somewhat 
reduced level.)

M2

Oil spill(s) could impact the health of the subsistence 
species at the individual and population level and lead 
to reduced resource populations and increased (real and 
perceived) contamination, and therefore reduced hunting 
and consumption. (Same as High, but somewhat reduced 
level.)

M3

High development leads to changes in marine mammal 
distribution (use and movement areas) and thus reduced 
hunter success. (Same as High, but less geographically 
broad [per mapped infrastructure in Medium Scenario].)

M4

Disturbance, specifically from noise from shipping and oil/
gas development, could impact migration, feeding, social 
interactions, stress, denning, etc. for marine mammal 
subsistence species.

Summarized Implications

L1
Increased subsistence species population levels may 
increase opportunity for subsistence harvest.

L2

With decreased economic activity and employment, there 
will likely be increased reliance on subsistence and thus 
potentially greater subsistence effort, harvest, and sharing 
activities.

L3
Non-development-related implications (e.g., continued loss 
of sea ice with climate change) may alter species’ behavior 
(haul out, breeding habitat, ecosystem restructuring).

L4
Disturbance,	specifically	from	noise	from	shipping	activity,	
could	impact	migration,	feeding,	social	interactions,	stress,	
denning,	etc.	for	marine	mammal	subsistence	species.

Medium�Scenario Low�Scenario
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Activity 3 | Prioritizing Future Research and Monitoring Efforts

SUBCATEGORy: MARINE MAMMALS-SUBSISTENCE

Effort Geographic Extent of Research and 
Monitoring Efforts

Effort Applicable 
to the Following 

Implications
Future Efforts 

Prioritization Criteria Additional 
Criteria

Complexity of 
R&M Effort

Low 
Medium 

High

Cost 
(Relative)

$ 
$$ 
$$$ 

Timeliness of 
R&M Need

ASAP 
Midterm 
Eventually 

Level of 
Existing 

Knowledge 
Low 

Medium 
High 

Plausibility of 
the R&M Need

High 
Medium 

Low 

Addresses 
Multiple Direct

Implications 
>2 
2
1 

Applicable to 
Multiple

Scenarios
Low 

Medium 
High

Importance to 
North Slope 
Communities

High 
Medium 

Low

1
H1, H2, H3, H4, 
M1, M2, M3, 
M4, L3

Document traditional knowledge (TK), local knowledge 
about hunting success, hunting areas, and effects/impacts 
from climate change and industrial activities.

Low $ ASAP N/A High >2
High, Medium, 

Low
High

2

H1, H2, H3, H4, 
M1, M2, M3, 
M4, L1, L2, L3

Conduct baseline studies re: population numbers, trend, 
distribution, stock structure.

Depends	on	
Species $$$ ASAP

Medium
(depends	on	
species)

High >2
High, Medium, 

Low
High

H1, H2, H3, H4, 
M1, M2, M3, 
M4, L1, L2, L3

Conduct baseline studies on marine mammal health. Low $$ ASAP High >2
High, Medium, 

Low
High

3 H4, M4, L4
Conduct and improve tracking of commercial ships in the 
Beaufort and Chukchi Seas.

Low $$ ASAP Medium High >2
High, Medium, 

Low
High

4 H1, H2, M1, M2
Use existing data from Gulf of Mexico spill (e.g., impacts 
on survival and reproduction of dolphins) to inform Alaska 
decisions.

Medium $ Midterm/ASAP Medium High >2 High, Medium High

5
H1, H4, M1, M4, 
L4,

Assess cumulative effects and/or impacts from industrial 
activities (oil and gas, shipping, etc.) on marine mammals. 

High $$$ Midterm Low Medium >2
High, Medium, 

Low
Medium/High
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Effort Geographic Extent of Research and 
Monitoring Efforts

Effort Applicable 
to the Following 

Implications
Future Efforts 

Prioritization Criteria Additional 
Criteria

Complexity of 
R&M Effort

Low 
Medium 

High

Cost 
(Relative)

$ 
$$ 
$$$ 

Timeliness of 
R&M Need

ASAP 
Midterm 
Eventually 

Level of 
Existing 

Knowledge 
Low 

Medium 
High 

Plausibility of 
the R&M Need

High 
Medium 

Low 

Addresses 
Multiple Direct

Implications 
>2 
2
1 

Applicable to 
Multiple

Scenarios
Low 

Medium 
High

Importance to 
North Slope 
Communities

High 
Medium 

Low

1
H1, H2, H3, H4, 
M1, M2, M3, 
M4, L3

Document traditional knowledge (TK), local knowledge 
about hunting success, hunting areas, and effects/impacts 
from climate change and industrial activities.

Low $ ASAP N/A High >2
High, Medium, 

Low
High

2

H1, H2, H3, H4, 
M1, M2, M3, 
M4, L1, L2, L3

Conduct baseline studies re: population numbers, trend, 
distribution, stock structure.

Depends	on	
Species $$$ ASAP

Medium
(depends	on	
species)

High >2
High, Medium, 

Low
High

H1, H2, H3, H4, 
M1, M2, M3, 
M4, L1, L2, L3

Conduct baseline studies on marine mammal health. Low $$ ASAP High >2
High, Medium, 

Low
High

3 H4, M4, L4
Conduct and improve tracking of commercial ships in the 
Beaufort and Chukchi Seas.

Low $$ ASAP Medium High >2
High, Medium, 

Low
High

4 H1, H2, M1, M2
Use existing data from Gulf of Mexico spill (e.g., impacts 
on survival and reproduction of dolphins) to inform Alaska 
decisions.

Medium $ Midterm/ASAP Medium High >2 High, Medium High

5
H1, H4, M1, M4, 
L4,

Assess cumulative effects and/or impacts from industrial 
activities (oil and gas, shipping, etc.) on marine mammals. 

High $$$ Midterm Low Medium >2
High, Medium, 

Low
Medium/High
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Summarized Implications

H1
Degradation	of	permafrost	under	roads,	gravel	pads,	and	
buildings.

H2
Dust	effect—settling	on	surface,	change	in	vegetation,	
lower	albedo	leads	to	slower	snow	melting.

H3 Gas	pipeline	heaving.

High�Scenario

Activities 1 and 2 

Research and Monitoring Effort 
Identification 

SUBCATEGORy: 
PERMAFROST

Subcategory definition:

• Changes in frozen soil or active layer depth and stability of 
the ground related to shifts in temperature or hydrologic 
regimes in the region.

Figure 56. Workshop	participants	from	the	
Permafrost	group *Note:	 text	 that	appears	 in	 italics	 represents	 implications	 included	by	the	

topical	experts	from	Workshop	3.	
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Summarized Implications

M1
Widespread loss of permafrost impacts infrastructure and 
causes change in habitat.

M2
Increased erosion decreases water quality and shifts 
ecosystems and habitats.

M3
Dust	effect—settling	on	surface,	change	in	vegetation,	
lower	albedo	leads	to	slower	snow	melting.

Summarized Implications

L1
Increased	waste	generation	associated	with	 infrastructure	
removal	(injection	into	grind-and-inject	wells.

Medium�Scenario Low�Scenario
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Summarized Implications

H1
Numerous river crossings for roads and pipelines cause 
flow and flooding issues (terminates operations, reduces 
production income).

H2
With new roads, water can be impounded and affect the 
hydrology (flooding, change drainage basins, thermal 
regime), cause erosion, and inhibit fish passage.

H3
Droughts	cause	low	flow	or	drying	rivers,	thus	allowing	
greater	access	to	gravel—with	increased	demand	for	
gravel,	this	results	in	increased	access	for	gravel	mining.

High�Scenario

Activities 1 and 2

Research and Monitoring Effort 
Identification 

SUBCATEGORy:  
HyDROLOGy

Subcategory definition:

• Subcategory definition: Changes in the movement, 
distribution, or quality of water, including the hydrologic 
cycle, water resources (e.g., river flow, water levels 
in lakes and ponds), and environmental watershed 
sustainability.

Figure 57. Workshop	participants	from	the	Hydrology	group

*Note:	 text	 that	appears	 in	 italics	 represents	 implications	 included	by	the	
topical	experts	from	Workshop	3.	
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Summarized Implications

M1 Subsidence	due	to	oil	extraction.

Summarized Implications

L1 Removal	of	roads—linear	thermokarst	features.

Medium�Scenario Low�Scenario
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Activity 3 | Prioritizing Future Research and Monitoring Efforts

SUBCATEGORy: PERMAFROST / HyDROLOGy

Effort Geographic Extent of Research and 
Monitoring Efforts

Effort Applicable 
to the Following 

Implications
Future Efforts 

Prioritization Criteria Additional 
Criteria

Complexity of 
R&M Effort

Low 
Medium 

High

Cost 
(Relative)

$ 
$$ 
$$$ 

Timeliness of 
R&M Need

ASAP 
Midterm 
Eventually 

Level of 
Existing 

Knowledge 
Low 

Medium 
High 

Plausibility of 
the R&M Need

High 
Medium 

Low 

Addresses 
Multiple Direct

Implications 
>2 
2
1 

Applicable to 
Multiple

Scenarios
Low 

Medium 
High

Permission to 
Access Study 

Area
Easy 

Moderate 
Difficult 

1 H2, M1 High resolution elevation data Low $$ Midterm High High >2 High, Medium Easy

2 H1, H2
Study constriction and ice jams associated with 
infrastructure in streams.

Low $$ ASAP High High 2 High Easy

3 H1, M1, M2
Boreholes along future development corridors to monitor 
permafrost stability.

Low $ ASAP Medium High >2 High, Medium Moderate

4 H3 Model/validate existing models of gas pipeline heaving. Medium $$ ASAP Low High 1 High Easy

5 H1, H3, M1, M2
Hazard mapping (due to subsidence, detachment, lobes 
moving down slope in Brooks Range and foothills)

Low $ ASAP Medium High >2 High, Medium Easy
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Effort Geographic Extent of Research and 
Monitoring Efforts

Effort Applicable 
to the Following 

Implications
Future Efforts 

Prioritization Criteria Additional 
Criteria

Complexity of 
R&M Effort

Low 
Medium 

High

Cost 
(Relative)

$ 
$$ 
$$$ 

Timeliness of 
R&M Need

ASAP 
Midterm 
Eventually 

Level of 
Existing 

Knowledge 
Low 

Medium 
High 

Plausibility of 
the R&M Need

High 
Medium 

Low 

Addresses 
Multiple Direct

Implications 
>2 
2
1 

Applicable to 
Multiple

Scenarios
Low 

Medium 
High

Permission to 
Access Study 

Area
Easy 

Moderate 
Difficult 

1 H2, M1 High resolution elevation data Low $$ Midterm High High >2 High, Medium Easy

2 H1, H2
Study constriction and ice jams associated with 
infrastructure in streams.

Low $$ ASAP High High 2 High Easy

3 H1, M1, M2
Boreholes along future development corridors to monitor 
permafrost stability.

Low $ ASAP Medium High >2 High, Medium Moderate

4 H3 Model/validate existing models of gas pipeline heaving. Medium $$ ASAP Low High 1 High Easy

5 H1, H3, M1, M2
Hazard mapping (due to subsidence, detachment, lobes 
moving down slope in Brooks Range and foothills)

Low $ ASAP Medium High >2 High, Medium Easy
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Summarized Implications

H1
Collapse of coastal (and river) infrastructure due to erosion 
disrupts communities. 

High�Scenario

Activities 1 and 2

Research and Monitoring Effort 
Identification 

SUBCATEGORy: 
EROSION

Subcategory definition:

• Loss of soil through physical weathering by water and 
wind activity, primarily along coasts and rivers.

Figure 58. Workshop	participants	from	the	Erosion	group
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Summarized Implications

M1

Collapse of coastal and onshore infrastructure support due 
to erosion disrupts communities, causes financial burden, 
impacts terrestrial vegetation, and changes the water 
course.

Summarized Implications

L1
Loss of infrastructure due to erosion (caused by climate 
change, permafrost thaw, increased storm exposure) strains 
financial resources.

L2
Loss of coastline, permafrost and river erosion degrades 
community land, forcing migration and changes in 
behaviors (hunting and fishing).

L3
Changes in coastal landscapes through erosion increase 
bird habitat (e.g., geese).

Medium�Scenario Low�Scenario
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Activity 3 | Prioritizing Future Research and Monitoring Efforts

SUBCATEGORy: EROSION

Effort Geographic Extent of Research and 
Monitoring Efforts

Effort Applicable 
to the Following 

Implications
Future Efforts 

Prioritization Criteria Additional 
Criteria

Complexity of 
R&M Effort

Low 
Medium 

High

Cost 
(Relative)

$ 
$$ 
$$$ 

Timeliness of 
R&M Need

ASAP 
Midterm 
Eventually 

Level of 
Existing 

Knowledge 
Low 

Medium 
High 

Plausibility of 
the R&M Need

High 
Medium 

Low 

Addresses 
Multiple Direct

Implications 
>2 
2
1 

Applicable to 
Multiple

Scenarios
Low 

Medium 
High

Degrees of 
Involvement 

of Community 
Based 

Observations
None 

Medium 
High 

1
H1, M1, L1, 
L2,L3 Continued monitoring (and research) of shoreline change. Low $$ ASAP Medium High >2

High, Medium, 
Low

None

2
H1, M1, L1, L2, 
L3 Creation of comprehensive coastal erosion model. Medium/High $$ ASAP Low High >2

High, Medium, 
Low

None

3 H1,M1, L1, L2
Monitor environmental parameters relevant to coastal 
erosion.

Medium/High $$/$$$ ASAP Low High >2
High, Medium, 

Low
Medium

4 H1,M1, L1, L2
Community-centered monitoring of shoreline position, 
beach profile, and nearshore environmental conditions.

Medium $ Midterm Low/Medium Medium >2
High, Medium, 

Low
High

5 H1, M1, L1, L2 Coastal permafrost monitoring and modeling. Medium $/$$ Midterm/ASAP Low/Medium Medium/High >2
High, Medium, 

Low
Medium
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Effort Geographic Extent of Research and 
Monitoring Efforts

Effort Applicable 
to the Following 

Implications
Future Efforts 

Prioritization Criteria Additional 
Criteria

Complexity of 
R&M Effort

Low 
Medium 

High

Cost 
(Relative)

$ 
$$ 
$$$ 

Timeliness of 
R&M Need

ASAP 
Midterm 
Eventually 

Level of 
Existing 

Knowledge 
Low 

Medium 
High 

Plausibility of 
the R&M Need

High 
Medium 

Low 

Addresses 
Multiple Direct

Implications 
>2 
2
1 

Applicable to 
Multiple

Scenarios
Low 

Medium 
High

Degrees of 
Involvement 

of Community 
Based 

Observations
None 

Medium 
High 

1
H1, M1, L1, 
L2,L3 Continued monitoring (and research) of shoreline change. Low $$ ASAP Medium High >2

High, Medium, 
Low

None

2
H1, M1, L1, L2, 
L3 Creation of comprehensive coastal erosion model. Medium/High $$ ASAP Low High >2

High, Medium, 
Low

None

3 H1,M1, L1, L2
Monitor environmental parameters relevant to coastal 
erosion.

Medium/High $$/$$$ ASAP Low High >2
High, Medium, 

Low
Medium

4 H1,M1, L1, L2
Community-centered monitoring of shoreline position, 
beach profile, and nearshore environmental conditions.

Medium $ Midterm Low/Medium Medium >2
High, Medium, 

Low
High

5 H1, M1, L1, L2 Coastal permafrost monitoring and modeling. Medium $/$$ Midterm/ASAP Low/Medium Medium/High >2
High, Medium, 

Low
Medium
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Summarized Implications

H1
No	incentive	to	develop	the	coal	reserves,	no	new	coal	
infrastructure.

H2
Increased	community	engagement	on	eventual	
decommissioning.

H3 Re-purpose	of	gravel	and	old	infrastructure.

H4
Risk	of	maintenance/overuse/high	use	of	infrastructure	
reduces	lifecycle/increases	maintenance	costs,	especially	
of	older	infrastructure.

H5
Increased	technical	advances,	R	&	D/architecture	of	arctic	
infrastructure.

High�Scenario

Activities 1 and 2

Research and Monitoring Effort 

Identification  

SUBCATEGORy: 
DECOMMISSIONING AND RECLAMATION OF 
INFRASTRUCTURE

Subcategory definition:

• Activities and policies associated with the removal of 
structures and equipment from sites formerly used for 
resource extraction and support operations.

Figure 59. Workshop	participants	from	the	Decommissioning	
and	Reclamation	of	Infrastructure	group

*Note:	 text	 that	appears	 in	 italics	 represents	 implications	 included	by	the	
topical	experts	from	Workshop	3.	
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Summarized Implications

M1
Increased	number	of	small	independent	operators	in	
transition	from	the	big	3	with	associated	issues	re:	
liability,	who	is	responsible	for	reclamation.

M2 Decline	or	status	quo	of	tax	revenue.

Summarized Implications

L1
As infrastructure reaches end of useful life it requires 
decommissioning and remediation to prevent chronic 
contamination.

L2
Loss of property tax revenue due to the decommissioning 
of infrastructure.

L3
The decommissioning of infrastructure increases the 
availability of land for subsistence hunting/fishing activities.

L4 Reduction	in	leasing	and	production.	

L5
Effects	on	social	aspects/landscape	fabric	of	North	Slope	
living.

Medium�Scenario Low�Scenario
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Activity 3 | Prioritizing Future Research and Monitoring Efforts

SUBCATEGORy: DECOMMISSIONING AND RECLAMATION OF INFRASTRUCTURE

Effort Geographic Extent of Research and 
Monitoring Efforts

Effort Applicable 
to the Following 

Implications
Future Efforts 

Prioritization Criteria Additional 
Criteria

Complexity of 
R&M Effort

Low 
Medium 

High

Cost 
(Relative)

$ 
$$ 
$$$ 

Timeliness of 
R&M Need

ASAP 
Midterm 
Eventually 

Level of 
Existing 

Knowledge 
Low 

Medium 
High 

Plausibility of 
the R&M Need

High 
Medium 

Low 

Addresses 
Multiple Direct

Implications 
>2 
2
1 

Applicable to 
Multiple

Scenarios
Low 

Medium 
High

Relevance to 
and Support to 
Local Residents

High 
Medium 

Low 

1

H3, H2, H1, H5 Determine actual residential use of oil field infrastructure. Low $ ASAP Low High >2 High High

H3, H2, H1, H5
Identify and monitor social uses and potential impacts of 
infrastructure removal (roads, landmarks, pads, plug-ins, 
etc.).

Low $ ASAP Low High >2 High High

H3, H2, H1, H5
Re-emphasize and expand purview of restoration advisory 
board.

Low $ ASAP High Medium 2 High High

2 H4, H5
Risk analyses of maintenance/overuse/high use of 
infrastructure. 

Medium $$ ASAP Medium High 2 High High

3 H3,H5
Expanded hydrological research and monitoring of rivers 
(i.e., gravel mining and snow/ice roads).

High $$$ ASAP Low High 2 High High

4

L1, L2, L3, L4, L5 Long-term monitoring of contamination/remediation effects. High $$$ Eventually Low High >2 Low High

L1, L2, L3, L4, L5 Monitoring of encapsulated reserve pit waste. High $$$ Eventually Low High >2 Low High

L1, L2, L3, L4, L5
Additional remote sensing monitoring of contamination and 
remediation effects.

High $$$ Eventually Low High >2 Low High

5

L2, L3, L4, L5
Economic development studies to identify other income-
generating activities.

Low $ ASAP Low Medium 1 Low High

L2, L3, L4, L5
Economic planning for social welfare in downturn (i.e., 
school consolidation and relocation).

Low $ ASAP Low Medium 1 Low High
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Effort Geographic Extent of Research and 
Monitoring Efforts

Effort Applicable 
to the Following 

Implications
Future Efforts 

Prioritization Criteria Additional 
Criteria

Complexity of 
R&M Effort

Low 
Medium 

High

Cost 
(Relative)

$ 
$$ 
$$$ 

Timeliness of 
R&M Need

ASAP 
Midterm 
Eventually 

Level of 
Existing 

Knowledge 
Low 

Medium 
High 

Plausibility of 
the R&M Need

High 
Medium 

Low 

Addresses 
Multiple Direct

Implications 
>2 
2
1 

Applicable to 
Multiple

Scenarios
Low 

Medium 
High

Relevance to 
and Support to 
Local Residents

High 
Medium 

Low 

1

H3, H2, H1, H5 Determine actual residential use of oil field infrastructure. Low $ ASAP Low High >2 High High

H3, H2, H1, H5
Identify and monitor social uses and potential impacts of 
infrastructure removal (roads, landmarks, pads, plug-ins, 
etc.).

Low $ ASAP Low High >2 High High

H3, H2, H1, H5
Re-emphasize and expand purview of restoration advisory 
board.

Low $ ASAP High Medium 2 High High

2 H4, H5
Risk analyses of maintenance/overuse/high use of 
infrastructure. 

Medium $$ ASAP Medium High 2 High High

3 H3,H5
Expanded hydrological research and monitoring of rivers 
(i.e., gravel mining and snow/ice roads).

High $$$ ASAP Low High 2 High High

4

L1, L2, L3, L4, L5 Long-term monitoring of contamination/remediation effects. High $$$ Eventually Low High >2 Low High

L1, L2, L3, L4, L5 Monitoring of encapsulated reserve pit waste. High $$$ Eventually Low High >2 Low High

L1, L2, L3, L4, L5
Additional remote sensing monitoring of contamination and 
remediation effects.

High $$$ Eventually Low High >2 Low High

5

L2, L3, L4, L5
Economic development studies to identify other income-
generating activities.

Low $ ASAP Low Medium 1 Low High

L2, L3, L4, L5
Economic planning for social welfare in downturn (i.e., 
school consolidation and relocation).

Low $ ASAP Low Medium 1 Low High
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Summarized Implications

H1
Significant new infrastructure (onshore and offshore) 
impacts habitats and migration patterns of ESA-listed 
species (e.g., eider, polar bear, listed seals).

H2
Increased activity (disturbance, noise) changes species’ 
distribution and prevents access to important habitats, 
decreasing survival and reproduction of ESA-listed species.

H3

Increased development (combined with climate change) 
prompts more ESA listings and more restrictive regulations; 
resulting in more ESA consultations, project modifications 
to fit reasonable/prudent alternatives, possibly more 
litigation and higher development costs.

H4
Similar	to	M2,	but	specific	to	oil	spill	risks	associated	with	
these	activities,	especially	in	the	Chukchi	Sea.

High�Scenario

Activities 1 and 2

Research and Monitoring Effort 
Identification 

SUBCATEGORy: 
ESA-LISTED SPECIES

Subcategory definition:

• Species listed under the federal Endangered Species Act, 
currently primarily from marine and coastal ecosystems.

• Other candidate species or those that may be listed by 
2040.

Figure 60. Workshop	participants	from	the	ESA-
Listed	Species	group

*Note:	 text	 that	appears	 in	 italics	 represents	 implications	 included	by	the	
topical	experts	from	Workshop	3.	



Prioritizing Science Needs Through Participatory Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas 

77

Summarized Implications

M1

Concentrated and increased (more intense) disturbance 
and displacement from oil and gas activities in central 
North Slope increases risks to ESA-listed species (e.g. polar 
bear, eiders, seals) and may lead to altered project designs.

M2

Increased development/human activity, especially 
offshore, impacts critical habitat and increases human/
ESA-listed species conflicts, negatively impacting species 
recovery.

Summarized Implications

L1

Non-development, climate-driven changes cause rapid 
shifts in ecosystems (e.g., sea ice loss, nesting and denning 
habitat changes) for ESA-listed species (eider, polar bear) 
and threaten species recovery.

Medium�Scenario Low�Scenario
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Activity 3 | Prioritizing Future Research and Monitoring Efforts

SUBCATEGORy: ESA-LISTED SPECIES

Effort Geographic Extent of Research and 
Monitoring Efforts

Effort Applicable 
to the Following 

Implications
Future Efforts 

Prioritization Criteria Additional 
Criteria

Complexity of 
R&M Effort

Low 
Medium 

High

Cost 
(Relative)

$ 
$$ 
$$$ 

Timeliness of 
R&M Need

ASAP 
Midterm 
Eventually 

Level of 
Existing 

Knowledge 
Low 

Medium 
High 

Plausibility of 
the R&M Need

High 
Medium 

Low 

Addresses 
Multiple Direct

Implications 
>2 
2
1 

Applicable to 
Multiple

Scenarios
Low 

Medium 
High

Applicable 
to Multiple 

Species Groups
High 

Moderate 
Low 

1 H2, H3, M1, L1 Cataloging of genetic diversity. High
$$$

(1,000,000)
ASAP Low High >2

High, Medium, 
Low

High

2 H2, H3, M1, L1
Human community level monitoring of species movement 
vis-à-vis infrastructure (Community-Based Monitoring).

Low
$

(10,000)
ASAP Low Low >2

High, Medium, 
Low

High

3 H1, H3, H4, M2
Improved oil spill exposure risk model for spectacled eiders, 
polar bears, and their prey.

Low
$

(10,000)
ASAP Low High >2 High, Medium High

4
H1, H2, M1, M2, 
L1 Spatially explicit migration modeling. Medium

$$
(100,000)

ASAP Medium High >2
High, Medium, 

Low
High

5 H1, M2, M1, L1, Cataloguing of available infrastructure data. Low
$$$

(1,000,000)
ASAP Medium High >2

High, Medium, 
Low

High
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Effort Geographic Extent of Research and 
Monitoring Efforts

Effort Applicable 
to the Following 

Implications
Future Efforts 

Prioritization Criteria Additional 
Criteria

Complexity of 
R&M Effort

Low 
Medium 

High

Cost 
(Relative)

$ 
$$ 
$$$ 

Timeliness of 
R&M Need

ASAP 
Midterm 
Eventually 

Level of 
Existing 

Knowledge 
Low 

Medium 
High 

Plausibility of 
the R&M Need

High 
Medium 

Low 

Addresses 
Multiple Direct

Implications 
>2 
2
1 

Applicable to 
Multiple

Scenarios
Low 

Medium 
High

Applicable 
to Multiple 

Species Groups
High 

Moderate 
Low 

1 H2, H3, M1, L1 Cataloging of genetic diversity. High
$$$

(1,000,000)
ASAP Low High >2

High, Medium, 
Low

High

2 H2, H3, M1, L1
Human community level monitoring of species movement 
vis-à-vis infrastructure (Community-Based Monitoring).

Low
$

(10,000)
ASAP Low Low >2

High, Medium, 
Low

High

3 H1, H3, H4, M2
Improved oil spill exposure risk model for spectacled eiders, 
polar bears, and their prey.

Low
$

(10,000)
ASAP Low High >2 High, Medium High

4
H1, H2, M1, M2, 
L1 Spatially explicit migration modeling. Medium

$$
(100,000)

ASAP Medium High >2
High, Medium, 

Low
High

5 H1, M2, M1, L1, Cataloguing of available infrastructure data. Low
$$$

(1,000,000)
ASAP Medium High >2

High, Medium, 
Low

High
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Summarized Implications

H1

Changes in diet and behavior may increase risk of chronic 
disease; increased mental health impacts; rapid change 
in culture, like decline in the quantity and quality of 
traditional foods consumed; greater availability of Western 
foods; and availability and consumption of tobacco 
products.

H2

High offshore and onshore development potentially 
negatively affects health and safety of local communities 
and workers through reduced air quality, contamination, 
and cultural and subsistence practices; but there may be 
increased infrastructure, revenue, and local economic 
activity to enable higher investment in mitigating and 
monitoring these effects.

H3

Increased access provided by onshore development 
introduces outside influences and disrupts traditional 
values and the local social fabric (inter-generational 
teaching, decline in native language, social problems, 
substance abuse, loss of cultural identity), causing health 
issues in the community (physical and psychological).

H4
Revenue from onshore development (pipeline) can provide 
money for community infrastructure and school programs 
(i.e., Inupiat language programs).

H5
Increased jobs (cash flow) from offshore development 
cause social disruption (money spent elsewhere but return 
for subsistence).

High�Scenario

Activities 1 and 2 

Research and Monitoring Effort 
Identification 

SUBCATEGORy: 
HEALTH AND COMMUNITy WELL-BEING

Subcategory definition:

• Implications on the physical well-being of North Slope 
residents related to factors such as contamination of food 
or water sources, and shifts from traditional subsistence 
foods to a more Western-style diet. 

Figure 61. Workshop	participants	from	the	Health	and	
Community	Well-Being	group

*Note:	 text	 that	appears	 in	 italics	 represents	 implications	 included	by	the	
topical	experts	from	Workshop	3.	
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Summarized Implications

M1

Changes in diet and behavior may increase risk of chronic 
disease; increased mental health impacts; rapid change 
in culture, like decline in the quantity and quality of 
traditional foods consumed; greater availability of Western 
foods; and availability and consumption of tobacco 
products.

M2

Moderate to high onshore and near-shore with increased 
vessel traffic and development more centralized could 
(compared to High) have reduced health and safety 
impacts while still having resources and investments in 
place to mitigate and monitor.

M3

Increased construction and maintenance activity may 
effectively exclude NS residents from certain areas or 
displace species movements and lead to lower access 
to subsistence resources. This may result in favoring less 
traditional foods and present nutritional issues (diabetes, 
heart disease, obesity, etc.).

M4

Increased jobs (cash flow) from offshore development 
cause social disruption (money spent elsewhere but return 
for subsistence). (At a slower pace in comparison with the 
High scenario.)

M5

Increased access provided by onshore development 
introduces outside influences and disrupts traditional 
values and the local social fabric (inter-generational 
teaching, decline in native language, social problems, 
substance abuse, loss of cultural identity), causing health 
issues in the community (physical and psychological). 
(Same as High scenario.)

M6
Revenue from onshore development (pipeline) can provide 
money for community infrastructure and school programs 
(i.e., Inupiat language programs). (Same as High scenario.)

M7
Oil	spills	and	tourism,	increased	marine	traffic	cause	
environmental	impacts.

Summarized Implications

L1
No new production; reduced risk to workers and less 
potential for environmental impacts on human health, but 
reduced investment, fewer jobs.

L2

If infrastructure is removed or greatly reduced, there 
may be reduced capacity to access health resources and 
technologies/expertise that supports good health, less 
and less prevention and treatment or increased costs (i.e., 
there will be a higher community burden of illness).

L3

Departure of the oil and gas industry and associated 
infrastructure may reduce chronic diseases due to 
improved situation with respect to contaminants (requires 
monitoring) and diet, but worse outcomes with acute 
illness and trauma due to reduced access to Western 
health care.

L4
Lack of infrastructure, fuels, and alternative foods may 
decrease alternatives for transportation (e.g., to access 
subsistence resources), food supply, and health care.

L5

The decreased activity in the region lowers the tax base 
and revenues for the community, affecting the provision 
of community services, infrastructure maintenance (status 
quo in Point Hope/Point Lay; fewer jobs and less money in 
other communities such as Barrow, Nuiqsut, Wainwright, 
Kaktovik, and Deadhorse).

L6
Decreased activity lessens the pressure on the cultural 
environment, and sovereignty is restored (less outside 
interests).

L7
younger generation leaves (out-migration) in search of 
employment, affecting the community and the provision of 
social resources (i.e., school closings).

Medium�Scenario Low�Scenario
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Activity 3 | Prioritizing Future Research and Monitoring Efforts

SUBCATEGORy: HEALTH AND COMMUNITy WELL-BEING

Effort Geographic Extent of Research and 
Monitoring Efforts

Effort 
Applicable 

to the 
Following 

Implications

Future Efforts 

Prioritization Criteria Additional Criteria

Complexity 
of R&M 
Effort

Low 
Medium 

High

Cost 
(Relative)

$ 
$$ 
$$$ 

Timeliness 
of R&M 
Need
ASAP 

Midterm 
Eventually 

Level of 
Existing 

Knowledge 
Low 

Medium 
High 

Plausibility 
of the R&M 

Need
High 

Medium 
Low 

Addresses 
Multiple Direct

Implications 
>2 
2
1 

Applicable to 
Multiple

Scenarios
Low 

Medium 
High

Community 
Engagement/

Support
Low 

Medium 
High 

Value Added
(TK not used to 
screen at least 

anticipated to be 
incorporated)

Low 
Medium 

High 

1

H1, H2, M1, 
M2, L1, L2, 
L3, L5, 

Development of Comprehensive Social and Health Impact 
Assessments, including cumulative effects analyses (baseline and 
monitoring). Assessment would include environmental data about 
air quality (indoor/outdoor); survey of mental and physical health; 
clinic data, mortality studies; household survey/participatory 
engagement; database integration; invasive/infectious diseases; 
capture best practices of traditional healing.

High $$$ ASAP Medium High >2
High, Medium, 

Low
High High

Research government/private sector partnership options to lower 
costs while retaining services (maintained health standards).

High $$$ ASAP Medium High >2
High, Medium, 

Low
High High

2

H1, H2, H3

Subsistence opportunity health baseline—document economic 
access to resources; competition for resources; stability of the 
resource; identify tipping points from phenology mismatch 
through physical barriers.

Medium $$ Midterm Medium Medium >2 High Medium Medium

H1, H2, H3
Research on animal migration monitoring and tracking, amount 
of subsistence as part of a diet. (Tagging for subsistence access 
issues.)

Medium $$ Midterm Medium Medium >2 High Medium Medium

H1, H2, H3
Subsistence disruption focus group—Community-Based 
Monitoring (CBM) to document perceptions of facts from 
community.

Medium $ Eventually High Low >2 High High Medium

H1, H2, H3
Tracking hunting behavioral changes based on existing and 
emerging fuel alternatives (vegetable oil and dogs)—link with 
harvest data. (Access to subsistence opportunities.)

Medium $$ Midterm Medium Medium >2 High Medium Medium

3

H2

Toxicity—Technological change affects risk assessment for both 
animals and humans; tissue archive and analysis; Community-
Based Monitoring (CBM); cumulative impact of multiple toxins, 
including food spoilage.

High $$$ ASAP Medium High >2 High High High

H2
Mapping of existing equipment and buried equipment in 
environmentally sensitive areas, leading to health impacts on 
humans and species.

High $$$ ASAP Medium High >2 High High High

4 L2, L4 Renewable energy feasibility study (economic well-being). Medium $$ ASAP Medium High >2 Low High High

5 M2, M6

Research social acceptability to a moderate development 
process (identify the tipping point for communities with regard 
to development (e.g., increased jobs, decreased monitoring, 
increased noise, increased risk, etc.).

Medium $ Eventually High Low >2 3 High Medium
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Effort Geographic Extent of Research and 
Monitoring Efforts

Effort 
Applicable 

to the 
Following 

Implications

Future Efforts 

Prioritization Criteria Additional Criteria

Complexity 
of R&M 
Effort

Low 
Medium 

High

Cost 
(Relative)

$ 
$$ 
$$$ 

Timeliness 
of R&M 
Need
ASAP 

Midterm 
Eventually 

Level of 
Existing 

Knowledge 
Low 

Medium 
High 

Plausibility 
of the R&M 

Need
High 

Medium 
Low 

Addresses 
Multiple Direct

Implications 
>2 
2
1 

Applicable to 
Multiple

Scenarios
Low 

Medium 
High

Community 
Engagement/

Support
Low 

Medium 
High 

Value Added
(TK not used to 
screen at least 

anticipated to be 
incorporated)

Low 
Medium 

High 

1

H1, H2, M1, 
M2, L1, L2, 
L3, L5, 

Development of Comprehensive Social and Health Impact 
Assessments, including cumulative effects analyses (baseline and 
monitoring). Assessment would include environmental data about 
air quality (indoor/outdoor); survey of mental and physical health; 
clinic data, mortality studies; household survey/participatory 
engagement; database integration; invasive/infectious diseases; 
capture best practices of traditional healing.

High $$$ ASAP Medium High >2
High, Medium, 

Low
High High

Research government/private sector partnership options to lower 
costs while retaining services (maintained health standards).

High $$$ ASAP Medium High >2
High, Medium, 

Low
High High

2

H1, H2, H3

Subsistence opportunity health baseline—document economic 
access to resources; competition for resources; stability of the 
resource; identify tipping points from phenology mismatch 
through physical barriers.

Medium $$ Midterm Medium Medium >2 High Medium Medium

H1, H2, H3
Research on animal migration monitoring and tracking, amount 
of subsistence as part of a diet. (Tagging for subsistence access 
issues.)

Medium $$ Midterm Medium Medium >2 High Medium Medium

H1, H2, H3
Subsistence disruption focus group—Community-Based 
Monitoring (CBM) to document perceptions of facts from 
community.

Medium $ Eventually High Low >2 High High Medium

H1, H2, H3
Tracking hunting behavioral changes based on existing and 
emerging fuel alternatives (vegetable oil and dogs)—link with 
harvest data. (Access to subsistence opportunities.)

Medium $$ Midterm Medium Medium >2 High Medium Medium

3

H2

Toxicity—Technological change affects risk assessment for both 
animals and humans; tissue archive and analysis; Community-
Based Monitoring (CBM); cumulative impact of multiple toxins, 
including food spoilage.

High $$$ ASAP Medium High >2 High High High

H2
Mapping of existing equipment and buried equipment in 
environmentally sensitive areas, leading to health impacts on 
humans and species.

High $$$ ASAP Medium High >2 High High High

4 L2, L4 Renewable energy feasibility study (economic well-being). Medium $$ ASAP Medium High >2 Low High High

5 M2, M6

Research social acceptability to a moderate development 
process (identify the tipping point for communities with regard 
to development (e.g., increased jobs, decreased monitoring, 
increased noise, increased risk, etc.).

Medium $ Eventually High Low >2 3 High Medium



Prioritizing Science Needs Through Participatory Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas 

84

Summarized Implications

H1 Deflection of migratory animals by pipelines and roads.

H2

Increased disturbance changes the availability of game 
(population, seasonal movement) and affects local food 
security (decline in nutrition and skills to process game, 
loss of sharing).

H3
Increased access leads to additional travel effecting CO2 
emissions, risk (physical) and cost (gas).

H4

Increased activity (air, land) and infrastructure cause 
ecological disturbance (range displacement, stress on 
animals, noise), limit land available for hunting/increase 
regulations on subsistence hunters, decrease the desire to 
hunt in affected area and increase adaptation of traditional 
knowledge.

H5

Onshore development (pipeline) and the subsequent 
increase in access creates disturbance of subsistence 
activities (restricts hunting areas, displacement of fish/
game), causes a negative visual impact upon the landscape 
and creates social impacts.

H6
Impacts	to	vegetation/habitat	affect	viability	of	
harvestable	plant	species	and	game.

H7
The	same	implications	affect	other	species	including	
furbearers,	anadromous	and	freshwater	fish,	and	
catadromous	fish	(eels,	lampreys).

High�Scenario

Activities 1 and 2

Research and Monitoring Effort 
Identification 

SUBCATEGORy: 
HUNTING AND TRAPPING (ON LAND)

Subcategory definition:

• Subsistence activities related to the harvest of land 
animals for food or other purposes (e.g., caribou, 
furbearers, waterfowl, freshwater fish).

Figure 62. Workshop	participants	from	the	Hunting	and	
Trapping	(on	Land)	group

*Note:	 text	 that	appears	 in	 italics	 represents	 implications	 included	by	the	
topical	experts	from	Workshop	3.	
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Summarized Implications

M1

Increased activity (air, land) and infrastructure cause 
ecological disturbance (range displacement, stress 
on animals, noise), limit land available for hunting/
increase regulations on subsistence hunters and increase 
adaptation of traditional knowledge. (Same as High 
scenario.)

M2

Increased disturbance changes the availability of game 
(population, seasonal movement) and affects local food 
security (decline in nutrition and skills to process game, 
loss of sharing). (Same as High scenario.)

M3

Onshore development (pipeline) and the increase in 
access creates disturbance of subsistence activities 
(restricts hunting areas, displacement of fish/game) and a 
negative visual impact upon the landscape. (Same as High 
scenario.) 

M4
Impacts	to	vegetation	and	habitat	affect	viability	of	
harvestable	plant	species	and	game.

Summarized Implications

L1
Decrease in income places greater weight on subsistence 
hunting (harvest).

L2

Removal of infrastructure and decreased activity reduces 
disturbance, provides greater ecological function 
(normalization of migration routes, increase in animal/
fish ecosystem function), and reduces need for adaptive 
practices.

L3
Improved ecological conditions increase quality and 
quantity of subsistence resources, having a positive effect 
upon health and community culture.

L4
A decrease in local jobs places more stress and reliance on 
subsistence.

Medium�Scenario Low�Scenario
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Activity 3 | Prioritizing Future Research and Monitoring Efforts

SUBCATEGORy: HUNTING AND TRAPPING (ON LAND)

Effort Geographic Extent of Research and 
Monitoring Efforts

Effort Applicable 
to the Following 

Implications
Future Efforts 

Prioritization Criteria Additional 
Criteria

Complexity of 
R&M Effort

Low 
Medium 

High

Cost 
(Relative)

$ 
$$ 
$$$ 

Timeliness of 
R&M Need

ASAP 
Midterm 
Eventually 

Level of 
Existing 

Knowledge 
Low 

Medium 
High 

Plausibility of 
the R&M Need

High 
Medium 

Low 

Addresses 
Multiple Direct

Implications 
>2 
2
1 

Applicable to 
Multiple

Scenarios
Low 

Medium 
High

Community 
Support

Yes 
Some 
No 

1 H6, L3
Ecosystem-based habitat status and trends monitoring, include site, 
remote sensing, and community based methods.

Medium $
ASAP

(Start	now	+	
continue)

Medium
Medium

(Need	good	
dataset)

1 High, Low yes

2
H1, H2, H5, M1,  
M3

Monitor species distribution patterns, displacement, and 
demographics relative to human infrastructure.

Low $$ ASAP Medium High >2 High, Medium Some

3
H2, H3, H4, H5, 
M1, M2, M3, L1, 
L4

Document subsistence activities, success, travel distance, and cost. Low $$$ ASAP Medium High >2
High, Medium,  

Low
yes

4
H4, H5, M2 L1, 
L4

Research and monitor measures of community economics, well-
being, and adaptation.

Medium $$ Midterm Medium High >2
High, Medium,  

Low
yes

5 H4, H5, M2, L2
Monitor development-related activity and effects on subsistence 
species and activities.

High $ ASAP Low Medium >2
High, Medium,  

Low
yes



Prioritizing Science Needs Through Participatory Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas 

87

Effort Geographic Extent of Research and 
Monitoring Efforts

Effort Applicable 
to the Following 

Implications
Future Efforts 

Prioritization Criteria Additional 
Criteria

Complexity of 
R&M Effort

Low 
Medium 

High

Cost 
(Relative)

$ 
$$ 
$$$ 

Timeliness of 
R&M Need

ASAP 
Midterm 
Eventually 

Level of 
Existing 

Knowledge 
Low 

Medium 
High 

Plausibility of 
the R&M Need

High 
Medium 

Low 

Addresses 
Multiple Direct

Implications 
>2 
2
1 

Applicable to 
Multiple

Scenarios
Low 

Medium 
High

Community 
Support

Yes 
Some 
No 

1 H6, L3
Ecosystem-based habitat status and trends monitoring, include site, 
remote sensing, and community based methods.

Medium $
ASAP

(Start	now	+	
continue)

Medium
Medium

(Need	good	
dataset)

1 High, Low yes

2
H1, H2, H5, M1,  
M3

Monitor species distribution patterns, displacement, and 
demographics relative to human infrastructure.

Low $$ ASAP Medium High >2 High, Medium Some

3
H2, H3, H4, H5, 
M1, M2, M3, L1, 
L4

Document subsistence activities, success, travel distance, and cost. Low $$$ ASAP Medium High >2
High, Medium,  

Low
yes

4
H4, H5, M2 L1, 
L4

Research and monitor measures of community economics, well-
being, and adaptation.

Medium $$ Midterm Medium High >2
High, Medium,  

Low
yes

5 H4, H5, M2, L2
Monitor development-related activity and effects on subsistence 
species and activities.

High $ ASAP Low Medium >2
High, Medium,  

Low
yes
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Economic Scenario Implications and 
related Research and Monitoring 
Recommendations:

While most of the other scenario implications subcategories 
(e.g., Marine Mammals—Subsistence, Hunting and Trapping 
(on Land), Hydrology, etc.) are directly linked to NSSI member 
agency authorities and related research or monitoring 
actions, most of the implications in the economic factors 
subcategory identified in Workshop 2 were not (e.g., oil and 
gas employment, tax revenue, etc.). While the workshop 
participants did identify some economic implications of 
the scenarios, the NSSI Scenarios Project Team did not feel 
the right mix of expertise at Workshop 3 (Research and 
Monitoring) was present to credibly identify the information 

SCENARIO IMPLICATIONS (ECONOMIC):
Scenario Scenario Implications

High Under the High Development Scenario, because North Slope property valuation and taxes would remain high and local 
government expenditures would likely continue at current or higher levels, no specific economic concerns or implications were 
identified by workshop participants in the economic factors subcategory breakout group. However, other Workshop 2 breakout 
groups did identify implications relevant to economic conditions, for example, what may be considered positive implications 
(increases in jobs, school programs, and community infrastructure) and negative implications (increased demographic influx 
potentially leading to disruption of traditional values, greater availability of Western foods, conflict and competition for 
subsistence resources). 

A review of the High Scenario by Dr. Knapp also suggested another possible implication could be a decline in state revenues due 
to the declining share of production from state lands, leading to a gradual decline in state spending and services (potentially 
offset by locally high revenues).

Medium Workshop participants outlined these potential implications: Investments continue in moderate to high oil and gas production 
sites, which may also attract future investment and could help fund research. The tax revenues generated by these investments 
continue to fund state and local programs at current levels. While the oil and gas industry on the North Slope remains 
moderately profitable under this scenario, reduced levels of social services may have to be provided until state fiscal policy (e.g., 
via alternative revenue sources, income taxes) no longer results in reduced spending. If tax revenues are limited but sufficient 
to maintain state government funding, scientific and regulatory oversight may continue.

Additional review by Dr. Knapp suggests that even under this Medium Scenario, while property tax revenues may continue to 
fund the North Slope Borough (and thus maintain NSB-funded spending, employment, and services) at current levels, state 
revenues may continue a long-term decline, with new production failing to offset continuing decline of Prudhoe Bay and Kuparuk 
production. As the state adjusts gradually to lower revenues (e.g., through a combination of spending cuts and new revenues, 
such as income and sales taxes), Permanent Fund Dividend payments may decline. However, since North Slope communities are 
less affected than other parts of the state because local revenues are higher and relative dependence on state spending is less, 
the North Slope may remain relatively more prosperous than other rural regions of Alaska. Finally, long-term trends related to 
in- and outmigration may continue and potentially accelerate.

Low Workshop participants outlined these potential implications for the Low Scenario: Oil and gas production and investment in the 
region stop, resulting in the loss of tax revenues, and this in turn leads to two levels of effects: 1) North Slope Borough is forced 
to operate at reduced capacity and seek alternate sources of revenue, and 2) individual residents’ loss of jobs and revenue 
affects their ability to engage in subsistence activities (e.g., gas for snow machines and boats) and leads to out-migration from 
the North Slope. Further, funding for both state and local government is significantly reduced, leading to increased reliance 
on federal funding, use of Permanent Fund reserve, reduction in social services, and outmigration of non-residents. The loss 
of revenue for state programs and services results in less infrastructure, reduced education funding, fewer jobs, and further 
outmigration. Diversification of state economy becomes essential.

Additional review by Dr. Knapp largely concurred with these implications but noted that individual residents’ loss of jobs and 
revenue, subsequent declining material standard of living, and outmigration could accelerate as residents have progressively 
more family and friends living in other parts of Alaska and the United States.

needed to further understand and address those economic 
implications. Consequently, Dr. Gunnar Knapp, Director of 
the Institute for Social and Economic Research (ISER) at the 
University of Alaska Anchorage, was asked to review the 
implications and provide his suggestions for appropriate 
research and monitoring. The following materials combine 
the participant input from Workshop 2 with information 
excerpted from Dr. Knapp’s response.

General Observations
It is important to consider the economy of the North Slope 
Borough and how the economy is affected by resource 
development and resource management decisions, because 
it is relevant to the well-being of North Slope residents 
and how their well-being might be affected by resource 
development and more broadly by management agency 
decisions.

Table 10. Economic	scenario	implications	identified	for	each	scenario
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While subsistence activities are of central importance to 
North Slope communities, it is important to also understand 
the cash economy which provides funds for housing, 
transportation, clothing, energy, and non-subsistence foods, 
as well as funding the equipment and fuel which are often 
used in subsistence. That cash economy also provides for a 
very wide variety of public services ranging from education 
to public utilities.

The borough’s economy is unique in Alaska (and potentially 
the world) in the extent to which resource revenues 
from property taxes on the North Slope oil industry fund 
local government, which in turn supports a large share of 
employment and cash income in North Slope villages. Future 
oil and gas development will directly affect future property 
values and property tax revenues, which will in turn affect 
North Slope Borough spending, public services, borough 
employment, and cash income. The level of services, 
employment, and income could in turn affect future migration 
to and from the North Slope of both Natives and non-Natives, 
with very significant implications for cultural and subsistence 
practices.

Though tax revenues are clearly very important, what also 
matters is how the cash economy, which is so deeply dependent 
on tax revenues, might change if/as tax revenues change: how 
changes in tax revenues would affect employment, incomes, 
migration, population, demand for services, and ultimately 
subsistence and culture. These linkages are complex and far 
from being clearly understood. Because that is the case, an 
understanding of these linkages will be an important area of 
economic research and monitoring.

Research and Monitoring Priorities
The term “economy” is used here to refer broadly to the 
North Slope Borough tax base, tax revenues, public spending 
and services, employment, income, and population, and the 
factors which drive them. In general, the condition of the 
economy directly affects the economic well-being of North 
Slope residents and indirectly affects subsistence and other 
traditional cultural practices and values.

General research and monitoring priorities for the North 
Slope economy are to:

• Ensure that adequate economic and demographic 
baseline data are collected and updated on a continuing 

basis to ensure the ability to understand how and why 
the economy is changing over time. 

• Advance understanding of how the economy works and 
how it is likely to be affected by the factors driving future 
change.

Specific research and monitoring priorities include:

Coordination: Identify agencies and researchers involved 
in North Slope economic and demographic data collection 
and analysis and identify interests and responsibilities and 
develop processes for regular coordination of activities and 
identification of priorities.

Assess data: Assess the extent and quality of current data 
collection of the following critical economic and demographic 
data for North Slope communities:

Population by age, sex, and ethnicity
Employment and income by industry
Non-wage income by source 
North Slope Borough finances (property values, tax 
revenues and expenditures)
Public services (local, state, and federal) such as 
education, transportation, health care, etc.
North Slope Borough tax revenues
Household expenditures by major budget items 
(housing, transportation, food, etc.) 
Prices for major household budget items 

Track trends: Prepare regular descriptions of economic 
trends for the key variable listed above to track and identify 
economic and demographic changes which may be occurring.

Address data gaps: Initiate systematic long-term data 
collection to address significant data gaps. These most likely 
include non-wage income, household expenditures, and 
prices.

Analyze relationships: Conduct research to understand 
key economic and demographic relationships and how the 
economy is likely to be affected by the factors driving future 
change. Priorities for analysis likely include:

Determinants of migration to and from North Slope 
villages,
Relationships between local and state government 
revenues and income.

Prioritized Future Effort Narrative Description

Economic Factors
Advance understanding of linkages between oil 
and gas development, local tax revenues, the 
cash economy, and migration.

North Slope communities are critically economically dependent on local and state oil 
revenues.  Changes in oil revenues, particularly under the Low Development Scenario, 
could significantly affect the economic viability of these communities.

Table 11. Future	research	and	monitoring	efforts	identified	considering	economic	factors
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Figure 63. Participants	browsing	group	materials	

Figure 64. Summary	of	the	final	ranking	exercise	by	subcategory

5.4.3. Activity 4 Variable Identification for 
Future Research and Monitoring Efforts
The fourth activity was realized with the five prioritized 
future efforts identified by each group. Participants were 
asked to identify additional information to best understand 
the nature of the prioritized effort. Each group was asked 
to list the specific variables or measurements that would be 
needed to develop the R&M effort. A short narrative was also 
requested, describing the conditions that make the particular 
effort a priority. 

5.4.4. Activities 5 & 6 Presentations 
and Ranking of Prioritized Research and 
Monitoring Efforts
As with every workshop in this series, at the conclusion of the 
activities, each group was asked to choose a representative 
who would present the final top prioritized efforts to the 
whole group. Once completed, participants were given the 
opportunity to read the materials developed by each of the 
groups. As part of this exercise, they were asked to choose 
the top 5 research and monitoring efforts across all of the 
implication subcategories, which they thought would be 
most applicable to the NSSI member agencies’ research and 
monitoring investments for resource management on the 
North Slope and adjacent seas through 2040.

The top R&M efforts selected by each participant were tallied, 
and Figure 64 shows the overall number selected within each 
subcategory. Marine Mammals—Subsistence, Health and 
Community Well-Being, Hunting and Trapping (on Land), and 
Permafrost/Hydrology were the four subcategories with the 
most votes. The top-ranked R&M effort within each of those 
subcategories is presented in Table 12. One commonality 
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Table 12. Final	ranking	of	top	future	research	and	monitoring	efforts	

amongst these subcategories is their interrelationship with 
community issues, in particular with the subsistence lifestyle.

5.5. Final Results
The top future research and monitoring efforts reported 
in Table 12 reflect those efforts that are cross-cutting or 

can serve multiple scenarios. However, these four are not 
intended to overshadow the many other important efforts 
identified in the expert breakout groups. The full list of 
R&M efforts can be used to highlight commonalities and 
overlapping needs that will aid NSSI member entities to 
target future efforts, which in turn can help better inform 
future resource management decisions. 

Future Effort
Conditions that make this a 

priority
Variables or Measurements Constraints Scenario

Hunting and Trapping (on Land)

Ecosystem-based habitat 
status and trends monitoring, 
include site, remote sensing and 
community-based methods for 
terrestrial systems that support 
species used in subsistence 
hunting and trapping.

Necessary to understand 
the relationship between 
development and habitat 
quality in order to differentiate 
from other change agents, such 
as fire, climate change, invasive 
species, etc.

Land cover, phenology, 
productivity, habitat quality, 
subsistence plant species 
(presence, abundance), 
availability, and quality.

Habitat quantity 
and quality is 
determinant for 
species availability.

High, Low

Health and Community Well-Being

Comprehensive social and 
health impact assessments, 
including cumulative effects 
analyses.

No aggregated data on social 
and health baseline HIPAA 
(Health Insurance Portability 
and Accountability Act) 
constrained data sharing, so 
need locally driven permissions.

Environmental data, electronic 
medical record data, CDC 
dataset on reportable disease, 
household survey (subsistence 
data, diet store vs. subsistence, 
food sharing) traditional healing, 
air quality, existing social and 
health services application, 
cultural traditional knowledge 
education data.

Logistically complex, 
requires community 
support.

High, 
Medium, 
Low.

Permafrost and Hydrology

High resolution elevation data. Understanding 
microtopography is essential 
to modeling hydrology, useful 
for planning and differentiating 
polygon structure, identifying 
wetlands, and vegetation; also 
useful for estimating needed 
snow depth for ice road 
designation in tussock tundra. 

LIDAR (Light Detection and 
Ranging) data collection, satellite 
measurements, “structure from 
motion.”

Time and expense, 
disturbance of 
NS residents and 
wildlife.

High, 
Medium.

Marine Mammals—Subsistence

Document TK, local knowledge 
about hunting success, hunting 
areas, and effects/impacts from 
climate change and industrial 
activities.

Hunters and communities have 
a deep understanding of marine 
mammals and the ecosystem, 
often having a better 
understanding than visiting 
scientists. This information 
and knowledge can be used to 
inform decision-making.

Historical and current: 
- Harvest patterns (by number of 
species)  
- Changes in marine mammal 
health/body condition, 
distribution, etc. 
- Changes in environment

Economic or funding 
resources to support 
the effort.

High, 
Medium, 
Low.

Marine Oil Spills

Research on how to respond to 
oil spills from other users (e.g., 
cruise ships, fuel tankers). 

Increased activity from other 
users (independent of the 
scenario) can increase the 
likelihood of a spill.

Quantify maritime traffic
-Assess risk for each type of risk 
-Research on trajectory 
modeling
-Engineering better devices for 
fuel transfers
-Accurate ship position data in 
the Arctic

-Ability to access 
information of traffic
-Ability to enforce 
safety and 
environmental 
regulations
-Funding mechanism 
for research /
response capabilities

High, 
Medium, 
Low.
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Prioritized Future 
Effort

 Direct 
Implication 

#

Variables or Measurements 
Needed for Effort

Narrative Description

Potential 
Constraints That 

May Impede 
Support

Marine Oil Spills

New techniques in the  
deflection of wildlife from 
spill.

H1, H3, H6, 
M1 M3, M5

Response of wildlife to various 
deterrence methods (efficacy), also 
differences in species
-Test practicality of implementing 
these approaches in the Arctic
-Engineering of deterrence devices
-Habituation of wildlife to these 
devices (latency period)
-Focus on research on deterrence 
techniques for subsistence species 
and then ESA-listed species

-Visible, direct impact on 
species/ecosystem
-Direct impact on 
communities

-Permitting for 
testing
-Difficulties in 
quantifying 
behavioral 
responses
-Availability of test 
subjects

Continued improvement in 
ice response technologies 
in shoulder seasons 
(spring/fall).

H2, H4, H5, 
H6, M2, M4

Characterize ice types and 
distribution.
-Engineering of new equipment
-Testing this equipment in control 
and test environments
-Oil recovery efficiency

Information concerning 
the shoulder season is not 
available, and as the Arctic 
changes, we will have longer 
shoulder seasons.

-Safety
-Reduces 
development 
activity will reduce 
funding for this

Ice management 
capabilities and 
improvements 

H1, H2, H4, 
H5 H6, M1, 
M2, M4, M5

Characterize ice types and 
distribution.
-Engineering of new equipment
-Testing this equipment in control 
and test environments
-Oil recovery efficiency

-Needed because work is in 
the Arctic, an ice-infested 
environment

-Safety
-Reduced 
development 
activity will reduce 
funding for this

Research on how to 
respond to oil spill from 
other users 
(e.g., cruise ships, fuel 
tankers). 

H4, H6, M4, 
M5, L1

Quantify maritime traffic.-Assess 
risk for each type of risk 
-Research on trajectory modeling
-Engineering better devices for fuel 
transfers
-Accurate ship position data in the 
Arctic

Increased activity from other 
users (independent of the 
scenario) can increase the 
likelihood of a spill.

-Ability to access 
information of traffic
-Ability to enforce 
safety and 
environmental 
regulations
-Funding 
mechanism for 
research /response 
capabilities

Monitor subsistence use 
patterns and how they are 
changing.

H1, H2, H3, 
H6, M1, M2, 
M3, M5, L1

Collect subsistence use data 
(timing, extent , area, species), 
amount of harvest by community. 
-Collect information on species 
population distribution 
-Collect information by community 
on sustainability of subsistence
-Frequency of data collection 
appropriate to detect change

Subsistence is essential 
to these communities; to 
understand and mitigate 
impact on culture and 
livelihood.

-Access to data
-Perception of 
new data is used, 
building trust

Table 13. List	of	all	research	and	monitoring	efforts	identified	by	participants

The following tables present the prioritized (top 41) future 
research and monitoring efforts identified by the workshop 
participants.  The list is organized by implication subcategory 
and indicates the prioritized effort, the direct implications 

it addresses, the applicable variables or measurements, 
the narrative description and the potential constraints that 
could affect the effort. This information has been transcribed 
directly from the materials developed by the participants. 
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Prioritized Future 
Effort

 Direct 
Implication 

#

Variables or Measurements 
Needed for Effort

Narrative Description

Potential 
Constraints That 

May Impede 
Support

Marine Mammals—Subsistence

Document TK, local 
knowledge about hunting 
success, hunting areas, 
and effects/impacts 
from climate change and 
industrial activities

H1, H2, H3, 
H4, M1, M2, 
M3, M4, L3,

Historical and current: 
- Harvest patterns (by number of 
species)  
- Changes in marine mammal 
health/body condition, distribution, 
etc. 
- Changes in environment

Hunters and communities 
have a deep understanding 
of marine mammals and 
the ecosystem, often having 
a better understanding 
than visiting scientists. This 
information and knowledge 
can be used to inform 
decision-making.

Resources

Conduct baseline studies 
on marine mammals 
population size trend 
and distribution/habitat 
use, stock structure, and 
health.

H1, H2, H3, 
H4, M1, M2, 
M3, M4, L1, 
L2, L3

Differs by species:
-Population size
-Population trend
-Distribute
-Habitat use
-Stock structure 
-Health reproduction 
-Survival

Marine mammals are very 
important for communities, 
nutritionally and culturally.

-Lawsuits often filed 
regarding marine 
mammals
-Need information 
to manage and 
mitigate impacts 
from industrial 
activities

Conduct and improve 
tracking of commercial 
ships in the Beaufort and 
Chukchi Seas

H4, M4, L4 Ship track
-Ship size
-Ship speed
-Origin and destination
-Monitor for invasive species

Shipping is increasing in the 
Arctic.
-Substantial risk of oil spills, 
cargo spills
-Need to better understand 
potential risks and develop 
appropriate mitigation 
measures/reduce impacts on 
subsistence.

Improve 
communication 
with communities, 
mitigate impacts, 
reduce risks.

Use existing data from 
GOM spill (e.g., impacts on 
survival and reproduction 
of dolphins) to inform 
Alaska decisions.

H1, H2, M1, 
M2,

Communicate with researchers and 
agencies about relevant data and 
information on impacts on marine 
mammals.
-Modify operation and mitigation 
measures for Alaska Arctic

Important data from GOM 
(Gulf of Mexico) (i.e., impacts 
from oil and dispersed oil on 
dolphins)  should be used to 
inform decisions in the Arctic.                                                                         

Assess cumulative effects 
and or impacts from 
industrial activities (oil 
and gas, shipping, etc.) on 
marine mammals. 

H1, H4, M1, 
M4, L4

Data on how marine mammals 
respond to industrial activities and 
sound
-Distribution behavior, vocalization 
of marine mammals and without 
presence of industry.
-Develop and/or improve methods 
for assessing and measure 
cumulative effects/impacts
-Develop mitigation measures for 
cumulative affects
-Assess cumulative effects 
on subsistence hunters and 
communities

Cumulative impacts are a 
concern to communities and 
agencies:
-Industry oil and gas activities 
that require NEPA
-Inform lawsuits on 
cumulative impacts.

Integrating data 
from multiple 
sources over 
multiple spatial and 
temporal scales is 
very challenging but 
progress is essential.

Table	13.	List	of	all	research	and	monitoring	efforts	identified	by	participants	(cont.)
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Prioritized Future 
Effort

 Direct 
Implication 

#

Variables or Measurements 
Needed for Effort

Narrative Description

Potential 
Constraints That 

May Impede 
Support

Permafrost and Hydrology

High resolution elevation 
data

H2, M1 LIDAR (Light Detection and 
Ranging) data collection, satellite 
measurements, “structure from 
motion”

Understanding 
microtopography is essential 
to modeling hydrology, 
useful for planning and 
differentiating polygon 
structure, identifying 
wetlands, and vegetation.
-Estimates needed of 
snow depth for ice road 
designation in tussock tundra 

Time and expense, 
disturbance of 
NS residents and 
wildlife

Study constriction and 
ice jams associated with 
infrastructure in streams.

H1, H2 Multiple years of air photos of 
ice breakup flow measurements 
throughout year, fish studies; 
geotechnical studies of soil at 
crossing, seismicity, traditional 
knowledge of ice breakup.

Ensure infrastructure is not 
impacted by ice or flooding, 
ecosystem/habitat changes 
related to flooding.

Limited experience 
constructing stream 
crossings in region.

Boreholes along future 
development corridors 
to monitor permafrost 
stability

H1, M1, M2 Boreholes/temperature 
measurements; meteorological 
station temperature (air), 
snowpack, precipitation, ground 
temperature

Need for soil properties at 
regular intervals, tracking 
temp changes over time 
and permafrost stability—
fundamental baseline

Permission/access 
to study sites

Model /validate existing 
models of gas pipeline 
heaving. 

H3 Soil properties, moisture, ground 
ice content, climate data, air 
temp, surface temp, precipitation, 
engineering specialists, pipe depth, 
diameter, temperature

Study plot for validation, data from 
Canada on their existing pipelines.

Proposed pipelines need to 
be buried, past issues with 
heaving.
-Possible permit requirement 
(DOT, Army Corps)

Difficult and 
expensive to 
establish a 
study plot in 
representative area 
that has the full 
range of conditions.

Hazard mapping (due to 
subsidence, detachment, 
lobes moving down slope).

H1, H3, M1, 
M2

DEM, historical photos and 
satellite, soil, vegetation type, ice 
content, precipitation, seismic data, 
traditional knowledge on landslide 
risks/ice

Understanding hazards prior 
to road/pipeline construction. 

Need to know rate of change

Acquisition/quality 
of input data, model 
accuracy (index)

Erosion

Continued monitoring (and 
research)

H1, M1, L1, 
L2,L3

Shoreline position (bluff edge 
position)

Shoreline change data 
(erosion data) is critical 
measurement needed to 
validate model.

Cost

Comprehensive coastal 
erosion model

H1, M1, L1, 
L2, L3

Model would require shoreline 
position data, ice data (offshore 
and shorefast), water temperature, 
wave data, water level data, wind 
and air temperature, soil and 
sediment grain size, ice content, 
topography, and bathymetry.

Coastal planning for climate 
change impacts requires 
a comprehensive coastal 
erosion model.

Lack of good quality 
input data, limited 
understanding of 
erosion mechanisms

Monitor environmental 
parameters, relevant to 
coastal erosion.

H1,M1, L1, L2 Variables and measurements: 
nearshore water temperatures, 
water surface elevation, near shore 
bathymetry/topography, nearshore 
waves, offshore sea ice and 
shorefast ice, grain size distribution, 
soil ice content.

Having good quality 
environmental data will 
facilitate development of a 
comprehensive model.

Costly and complex 
measurements

Table	13.	List	of	all	research	and	monitoring	efforts	identified	by	participants	(cont.)
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Prioritized Future 
Effort

 Direct 
Implication 

#

Variables or Measurements 
Needed for Effort

Narrative Description

Potential 
Constraints That 

May Impede 
Support

Community-centered 
monitoring of shoreline 
position, beach profile, and 
new shore environmental 
conditions

H1,M1, L1, L2 Shoreline position and beach 
elevation profile.
Nearshore environmental 
conditions (e.g., water temp, ice 
thickness and condition, wave 
conditions)

Communities need high-
resolution erosion data 
as well as environmental 
condition data; this data is 
often not available via remote 
sensing.

Difficult to sustain 
community-based 
observations.

Coastal permafrost 
monitoring and modeling

H1, M1, L1, 
L2

Soil and sediment temperature, ice 
content and phase as function of 
space and time.
-Temperature profile

Coastal erosion in the Arctic 
is accelerating largely due to 
accelerating thaw of coastal 
permafrost.

Heterogeneity in 
cross shore direction 
could make 
monitoring difficult 
(need sustained 
monitoring).

Decommissioning and Reclamation of Infrastructure

Residential use and local 
impacts of industrial 
infrastructure

H2, H3, H4, 
H5, M1, M2, 
L1, L2, L3, L5

Social welfare impacts
-Users
-Vehicle types
-Purpose
-Infrastructure landmarks
-Law enforcement incidents
-Search and rescue

Determine the impacts 
of decommissioned 
infrastructure on the region 
—economic and social 
impacts.
-Gain an understanding of the 
current uses and purposes
-Liability 
-Maintenance responsibilities.

Legal land 
management issues

Risk analysis of aging 
infrastructure 

H2, H3, H4, 
H5, M1, L1, 
L3

Existing inventory (type)
-Condition
-Maintenance schedules
-Level of use
-Hazard analysis/potential risk
-Economic cost
-Health and safety

Human health and safety
-Environmental impacts
-Future economic planning

Expanded hydrological 
research and monitoring 
of rivers (i.e., gravel mining 
and snow/ice roads).

H2, H3, H5 Mapping
-Instream flow, temp, water quality, 
habitat
-Current uses (gravel mining, 
equipment crossings)
-Climate data (ice thickness, etc.)

Immediate relevance (Dalton 
Highway flooding)

Financial

Long-term monitoring 
of contamination and 
remediation issues

H2, H3, H5, 
M1, L1, L3, L5

-Climate data 
-Permafrost monitoring
-Location
-Ecological risk assessment 
-Health and safety assessment 
-Other disposal options

Immediate relevance (Dalton 
Highway flooding)
-None to very little baseline 
data
-Alternate plans where road 
access blocked

Financial 
logistical (access, 
timing)
-Responsible parties 
-Alternative disposal 
options

Economic development 
research for a post 
oil economy (i.e., 
diversification, alternative 
energy, remittance)

H2, H3, H4, 
H5, M2, L2, 
L3, L4, L5

-Alternative energy feasibility 
studies
-Economic study of remittances
-Workforce capacity and needs

Survivability of communities, 
quality of life

Lack of capacity
Lack of will

Table	13.	List	of	all	research	and	monitoring	efforts	identified	by	participants	(cont.)
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Prioritized Future 
Effort

 Direct 
Implication 

#

Variables or Measurements 
Needed for Effort

Narrative Description

Potential 
Constraints That 

May Impede 
Support

ESA-Listed Species

Cataloging of genetic 
diversity 

H2,H3, M1, L1 Spatially distributed tissue sampling 
for genetic diversity

Genetic diversity is an index 
of adaptability to changing 
environment to inform 
future listing decisions and 
evaluation. 

Cost of the analysis 
(however, cost of 
the analysis is going 
down)

Human community-level 
monitoring of species 
movement vis-à-vis 
infrastructure (CBM)

H2,H3, M1, L1 CBM observation of species 
occurrence, TEK related

-An existing set of knowledge 
that wasn’t tapped
-Recognize the value of 
engaging the affected 
constituencies
-Capacity building for local 
and scientific communities

It’s still not 
done well; an 
opportunistic 
data collection 
that doesn’t fit 
for standard 
experimental 
design.

Improved oil spill exposure 
risk model for spectacled 
eiders, polar bears, and 
their prey.

H1, H3, H4, 
M2

-Spatially explicit probability of 
exposure 
-Better species distribution data, 
particularly ice seal distribution

Inform better risk assessment 
and risk management 
considerations.

Spatially explicit migration 
modeling

H1, H2, M1, 
M2, L1

-Population estimates of target 
species
-Better hydrology and vegetation 
data
-Better DEMs
-Higher resolution climate

For species of conservation 
concern, little is known about 
their potential to migrate in 
response to environmental 
stress (population level 
migration).

Available infrastructure 
data

H1, M2, M1, 
L1, 

-Linear features 
-Footprints
-Disturbed areas(seismic testing)
-Better data on seasonal ice roads, 
etc.

Major baseline data gap 
(specifically industrial data; 
important for direct planning

The disclosure of 
private information

Health and Community Well-Being

Comprehensive social 
and health impact 
assessments, including 
cumulative effects analyses

H1, H2, L1, 
L2, L3,L5, M1, 
M2

Environmental data, electronic 
medical record data, CDC dataset 
on reportable disease, household 
survey (subsistence data, diet store 
versus subsistence, food sharing), 
traditional healing, air quality, 
existing social and health services—
application of cultural traditional 
knowledge education data

No aggregated data on social 
and health baseline HIPAA 
(Health Insurance Portability 
and Accountability Act), 
constrained data sharing, 
so need locally driven 
permissions.

Logistically complex, 
requires community 
support.

Subsistence opportunity/
access baseline

H1, H2 H3 Economic data, harvest data, 
transportation, fuel costs, food 
substitutions, resource population 
data and distribution 

Access to subsistence directly 
related to community well-
being health and cultural 
values

Replicability 
problems, data 
consistency

Toxicity baseline and 
monitoring

H2A Tissue collection and analysis, 
medical records, community-
based monitoring, collect standard 
sampling protocol (AMM TAP), 
vegetation baseline analysis 
protocols, marine traffic discharge 
data, (e.g., With respect to radiation 
exposure, mercury)

Baseline directly related 
to community/health 
also, monitoring indicates 
issues. Provides greater 
information (re: risks). 

-Existing data source 
are of variable 
quality (need strong 
QA/QC)
-Analysis drives high 
cost

Table	13.	List	of	all	research	and	monitoring	efforts	identified	by	participants	(cont.)
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Prioritized Future 
Effort

 Direct 
Implication 

#

Variables or Measurements 
Needed for Effort

Narrative Description

Potential 
Constraints That 

May Impede 
Support

Renewable energy 
feasibility study (economic 
well-being) 

L2, L4 Integration of modeling output, 
community reporting data, level 
and location of development 
(particulate matter 2.5)

Increase community 
economic sustainability  and 
options which will increase 
community well-being 
(economic but also health) 
and self-reliance.

Cost, tech 
innovation, 
inconsistent energy 
sources, resources 
may limit options.

Community acceptance 
to health and well-being 
from medium to high 
development
(tipping point)

M2 -Disturbance to subsistence (access 
and numbers), changes to pollution 
sources, focus groups, surveys, air 
traffic changes and sources
-Cumulative impact monitoring

-At Medium to High 
Development Scenario it is 
imperative to understand 
community awareness 
and trade-offs such as loss 
of subsistence access for 
development opportunities
-Also the potential health 
impact from incremental 
addition of development 
projects

Imprecise 
methodology at this 
time.

Hunting and Trapping (on Land)

Ecosystem-based habitat 
status and trends 
monitoring, include 
site, remote sensing 
and community-based 
methods

H6, L3 Land cover, phenology, productivity, 
habitat quality, subsistence plant 
species (presence, abundance), 
availability and quality

Necessary to understand 
the relationship between 
development and habitat 
quality in order to 
differentiate from other 
change agents, such as fire, 
climate change, invasive 
species, etc.

Habitat quantity 
and quality is 
determinant for 
species availability.

Monitor species 
distribution patterns, 
displacement, and 
demographics relative to 
human infrastructure. 

H1, H2, H5, 
M1, M3

-Need time-specific location of 
animals relative to infrastructure 
and activities to correlate with 
resolution GIS mapping of 
infrastructure
-Need research into displacement 
relative to facility type, activity, 
ecotype, species/gender/age-class 
and season
-Need species demographic data

Needed to mitigate impacts 
to species migration 
displacement (by habitat 
type) and therefore potential 
availability of subsistence 
resource to community users.

Information to be 
used for design 
criteria/BMPs 
(Best Management 
Practices) and 
permitting.

Document subsistence 
activities, success, travel/
distance and cost

H2, H3, H4, 
H5, M1, M2, 
M3, L1, L4

-Subsistences species harvest rate 
and location data
-Subsistence economies, cost to 
harvest, value of harvest, travel 
distance, perception of resource 
availability

Necessary to determine how 
development infrastructure 
and activities that affect 
habitat and species, further 
affect subsistence food costs 
and availability.

Research and monitor 
measures of community 
economics, well-being, and 
adaptation.

H4, H5, M2, 
L1, L4

Community measures of sharing, 
well-being, health, and economics

Necessary to document 
links from development 
habitat, species availability, 
and subsistence success to 
community sustainability and 
resident health and well-
being.

Monitor development-
related activity and effects 
on subsistence species and 
activities.

H4, H5, M2, 
L2

Road, boat, and air traffic of all 
types and users

Necessary to identify impacts 
for planning implementation 
and permitting and BMPs 
(Best Management Practices).

Table	13.	List	of	all	research	and	monitoring	efforts	identified	by	participants	(cont.)



Chapter 6 
Conclusions

6.1. Final Analytical Results
Fundamentally, the objective of this participatory process 
was to compile a scenario-based prioritized list of research 
and monitoring efforts that can help NSSI member entities 
address biophysical changes due to a broad range of future 
development conditions in the North Slope and adjacent 
seas. Because of the mission and membership of the NSSI, it is 
critical that management-relevant information is gathered in a 
manner that responds to the core interests of the constituent 
organizations. There are also a multitude of socioeconomic 
factors that are intrinsically interconnected with the natural 
systems that are of primary concern to NSSI members. Both 
economic and regulatory drivers were highlighted in the 
first workshop as important considerations for the type and 

intensity of energy and resource development that would be 
plausible through 2040. The scenario implications identified 
by Workshop 2 participants also broadly emphasized the 
secondary effects on food security, employment, health, and 
the lifestyle of North Slope residents. In the final workshop, 
because these topics- are so tightly linked with other 
implication subcategories, they were discussed within several 
different groups, including: Marine Mammals—Subsistence, 
Hunting and Trapping (on Land), and Health and Community 
Well-Being.

This section presents a summary of the R&M efforts that 
stakeholders selected in Workshop 3, based not only on 
foresight about future data needs, but also the overall 
urgency, relevancy, complexity, and relative cost of tracking 

Figure 65. Number	of	selected	research	and	monitoring	efforts	by	subcategory
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Table 14. Descriptions	of	the	top	selected	research	and	monitoring	efforts

Future Effort
Conditions that make this a 

priority
Variables or Measurements Constraints Scenario

Hunting and Trapping (on Land)

Ecosystem-based habitat status 
and trends monitoring, include 
site, remote sensing, and 
community-based methods for 
terrestrial systems that support 
species used in subsistence 
hunting and trapping.

Necessary to understand 
the relationship between 
development and habitat 
quality in order to differentiate 
from other change agents, such 
as fire, climate change, invasive 
species, etc.

Land cover, phenology, 
productivity, habitat quality, 
subsistence plant species 
(presence, abundance), 
availability and quality.

Habitat quantity 
and quality is 
determinant for 
species availability.

High, Low.

Health and Community Well-Being

Comprehensive Social and 
Health Impact Assessments, 
including cumulative effects 
analyses

No aggregated data on social & 
health baseline HIPAA (Health 
Insurance Portability and 
Accountability Act) constrained 
data sharing, so need locally 
driven permissions.

Environmental data, electronic 
medical record data, CDC 
dataset on reportable disease, 
household survey (subsistence 
data, diet store vs. subsistence 
food sharing), traditional 
healing, air quality, existing 
social and health services 
application, cultural traditional 
knowledge, education data.

Logistically complex, 
requires community 
support.

High, 
Medium, 
Low.

Permafrost and Hydrology

High-resolution elevation data Understanding 
microtopography is essential 
to modeling hydrology, useful 
for planning and differentiating 
polygon structure, identifying 
wetlands, and vegetation; also 
useful for estimating needed 
snow depth for ice road 
designation in tussock tundra. 

LIDAR (Light Detection and 
Ranging) data collection, satellite 
measurements, “structure from 
motion“

Time and expense, 
disturbance of 
NS residents and 
wildlife.

High, 
Medium.

Marine Mammals—Subsistence

Document TK, local knowledge 
about hunting success, hunting 
areas, and effects/impacts from 
climate change and industrial 
activities

Hunters and communities have 
a deep understanding of marine 
mammals and the ecosystem, 
often having a better 
understanding than visiting 
scientists. This information 
and knowledge can be used to 
inform decision-making.

Historical and current: 
- Harvest patterns (by number of 
species)  
- Changes in marine mammal 
health/body condition, 
distribution, etc. 
- Changes in environment

Economic or funding 
resources to support 
the effort

High, 
Medium, 
Low.

Marine Oil Spills

Research on how to respond to 
oil spills from other users (e.g., 
cruise ships, fuel tankers). 

Increased activity from other 
users (independent of the 
scenario) can increase the 
likelihood of a spill.

Quantify maritime traffic
-Assess risk for each type of risk 
-Research on trajectory 
modeling
-Engineering better devices for 
fuel transfers
-Accurate ship position data in 
the Arctic

-Ability to access 
information of traffic
-Ability to enforce 
safety and 
environmental 
regulations
-Funding mechanism 
for research /
response capabilities

High, 
Medium, 
Low.
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specific changes in the terrestrial and marine environments 
of the North Slope. Although each group initially put forward 
the same number of prioritized efforts for each subcategory. 
The final selection process favored some subcategories, and 
specific efforts within them. Some groups opted to merge 
two closely related efforts, resulting in only four options for 
the final selection process. Figure 65 shows the overall results 
of this process, organized by subcategory, which illustrates 
that participants favored the categories associated with 
subsistence hunting (both on land and marine mammals) 
in addition to Health and Community Well-Being (originally 
Community Health and Safety). The categories with the 
fewest selected R&M efforts were Decommissioning and 
Reclamation of Infrastructure and ESA-Listed Species.

Within each research and monitoring category there were 
clear preferences among participants, as well. The top 5 R&M 
efforts that ranked the highest in the final selection process 
are summarized in Table 14, along with additional details the 
participants in each group provided about the efforts. The 
full list of prioritized efforts and participant notes, as well as 
ranking criteria, was provided in Chapter 5.

Additional insights into the selection process were gleaned 
from a review of the rankings used by each breakout group 
to narrow the initial list of R&M efforts within each category. 
Within the Health and Community Well-Being category, 
although the complexity and cost of many efforts was 
identified as a potential challenge, the prioritized efforts 
ranked highly for the timeliness and plausibility of the need. 
They also scored highly under two additional categories 
added by the group, specific to the level of community 
engagement and support, as well as the value added by the 
effort. In the Marine Mammals—Subsistence group, each 
of the five prioritized efforts had consistently high rankings 
in terms of their applicability to multiple scenarios, as well 
as addressing multiple direct implications. For the efforts 
identified under the Permafrost/Hydrology category, most 
were specific to only one scenario, and the level of existing 
knowledge was higher; however, the higher plausibility of the 
R&M need and lower complexity of the suggested studies 
contributed to their higher scores overall. The full table of 
scoring criteria for each category can be found in Chapter 5.

Although many workshop participants were reluctant to 
sketch specific sites or areas of the region where future 
R&M efforts should be focused, general descriptions were 
provided, identifying the overall need for data collection and 
research along existing and potential future development 
corridors, as well as within communities and subsistence 
use areas. While the location and extent of R&M efforts will 
vary depending on the trajectory of resource and energy 
development through 2040, areas where future work should 
be concentrated can be estimated by linking R&M priorities 

back to the specific implications (identified by Workshop 2 
participants) to which they are responding. 

For example, while the need for high resolution elevation 
data was identified as a slope-wide priority, implication 
areas were highlighted along potential road and pipeline 
routes under the High Development Scenario (Figure 67), 
in particular from Nuiqsut to Wainwright, along TAPS, and 
following the coast from Prudhoe Bay to Kaktovik. Similarly, 
the need to study land cover, habitat, abundance, and 
traditional knowledge of subsistence hunting and trapping 
species was highly ranked, but the geographic extent was not 
explicitly defined. However, the implication areas sketched 
for the High Development Scenario (Figure 66) also follow 
potential development corridors, as well as the northern 
portion of NPR-A, within the extent of the Teshekpuk and 
Central caribou herd habitat area, including the villages of 
Barrow, Wainwright, Atqasuk, and Nuiqsut. 

When reviewing the implication areas identified for the other 
scenarios, the extents differ significantly due to the lower level 
of potential development under the Medium scenario (or 
removal of infrastructure under the Low scenario). Based on 
these differences, resource managers may need to consider 
whether monitoring efforts should be localized within areas 
of overlap between scenarios (primarily between Nuiqsut 
and Point Thomson), or if a broader study region should be 
established to capture all potentially affected areas. In either 
case, the delineated implication areas follow existing and 
potential future development corridors, so future monitoring 
may need to be customized as new plans are submitted for 
new infrastructure or decommissioning.

The need for social and health impact assessments identified 
by the Health and Community Well-Being group, while 
not mapped explicitly, has a clearer geographic extent. As 
identified in Workshop 2, the implications in this subcategory 
extend to all villages on the North Slope. Some of the specific 
variables (particularly those related to subsistence hunting 
and whaling) that would be required for this assessment may 
require additional data collection at temporary hunting and 
fishing camps outside of villages, the locations of which were 
not identified through the scenarios process. The implication 
areas for other categories are included in Appendix 5, for 
further comparison with the prioritized R&M efforts. 

Where identified implication areas are more general—for 
example, the entire coastline of the study region, in the case 
of erosion (under all scenarios)—the results of prior research 
and monitoring efforts can be used to hone in on areas that 
may experience greater change or have not been studied as 
thoroughly in the past. For example, the National Assessment 
of Shoreline Change conducted by USGS evaluated erosion 
rates along transects from Icy Cape to the United States/
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Figure 66. Hunting	and	Trapping	(on	Land)	Implication	Areas	(red	outline)	-	High	Development	Scenario

Figure 67. Highest	priority	Hydrology	implication	areas	(red	outline)	-	High	Development	Scenario
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Canadian border. Within the erosion implication areas 
identified in Workshop 2, shown in Figure 68, the most 
rapid erosion was registered at the islands along the inlet to 
Admiralty Bay, as well as north of Teshekpuk Lake, from Smith 
Bay to Harrison Bay. Based on these results, it suggests that 
there may be value in continuing to study those areas, as well 
as highlighting a gap in monitoring between Kivalina and Icy 
Cape. The implication areas for other categories are included 
in Appendix 5, for further comparison with the prioritized 
R&M efforts.

6.2. Conclusions
For an organization such as the North Slope Science Initiative, 
which represents a broad range of scientific interests from 
federal, state, local, and Alaska Native sectors, identifying the 
most urgent priorities for research and monitoring presents 
a significant challenge. A forward-looking, exploratory, and 
participatory approach can provide valuable insights about 
anticipated changes to the natural and cultural resources 
of the region, and their sensitivity to energy and resource 
development. As with any prospective analysis, there is a high 
degree of uncertainty about the outcomes. Even over the 
course of the project, the energy and resource development 
outlook changed drastically from active offshore exploration 

to suspension of some OCS activities due in part to declining 
oil prices. While the results of a scenario process do not 
in any way represent a plan or preferred outcome for the 
future of the North Slope, they do offer stakeholders and 
resource managers the opportunity to explore a range of 
plausible changes across a diverse array of topic areas, which 
ultimately provide a more holistic perspective that will help 
inform management-relevant decisions. Throughout the 
process, participants were reminded of the primary goal, 
which was to: 

Identify a range of plausible scenarios of resource 
development that can be used to contribute to 
refinements of specific research and monitoring 
priorities on the North Slope and adjacent seas.

This provided a lens through which to consider the initial 
identification of the scenarios, evaluation of specific 
implications, and finally the discussion of research and 
monitoring efforts that would help track these potential 
changes. While the effects of climate change were not 
explicitly evaluated in this project, it was a cross-cutting 
consideration in many of the implication subcategories, and 
its importance was highlighted by many stakeholders during 
the workshops1. 

1 More information on climate research relevant to the North Slope can 

Figure 68. Highest	priority	Erosion	implication	areas	(red	outline)	-	High	Development	Scenario
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The workshop participants, and other contributors to the 
development of supporting materials, were fundamental to 
ensuring the value and robustness of the scenarios process. 
Each workshop brought together representatives of many 
of the NSSI’s member organizations, along with North 
Slope resident local and traditional knowledge holders and 
subsistence practitioners, academics, non-governmental 
organization and industry experts. Building on the combined 
expertise of participants from field investigations and daily life 
on the North Slope, as well as familiarity with the work of other 
researchers and members of the broader Arctic community, 
both the discussions during workshops and the final products 
of the scenarios process benefitted immeasurably from this 
collective knowledge. Based on feedback from participants 
through workshop evaluation surveys and other post-
workshop communication, many highlighted the great value 
of the discussions and networking opportunities that the 
scenarios process facilitated. In the evaluation of the final 
workshop, survey respondents also indicated that the most 
useful ways of sharing the results of the project would be a 
summary document, a technical document, and a website.

In order to facilitate further sharing of the outcomes of 
the scenarios process, and allow additional analysis of 
the results, the NSSI data catalog is hosting a collection of 
datasets and documents related to the project. This resource 
includes the background summaries of driving forces, 
workshop materials, and spatial data used as both an input 
to, and resulting from, the analysis of the workshop activities. 
In addition to this report, an executive summary has been 
created for decision makers, resource managers, and other 
interested readers which provides a summarized look at 
the participatory approach and the identified research 
and monitoring priorities. Additional outreach regarding 
the project and dissemination of materials has been 
accomplished through conferences and meetings related 
to Arctic research and resource management, both within 
Alaska and in international settings, and direct outreach to 
North Slope residents is planned.

Further methods of exploring the scenarios and interactively 
comparing the results also have the potential to be developed. 
For example, some of the options could include: 

• A self-guided story map which provides a narrative and 
visual representation of the workshop process, scenario 
implications, and utility of the results for management 
decisions

• An application of the scenarios using an approach similar 
to the Alaska EPSCoR Northern Test Case, incorporating 

be found at the Scenarios Network for Alaska + Arctic Planning (SNAP) 
www.snap.uaf.edu and the Arctic Landscape Conservation Cooperative 
arcticlcc.org.

the Decision Theater North or an interactive web 
interface

As environmental conditions change and new trajectories for 
energy and resource development emerge, it may indicate 
the need to update the scenarios and corresponding research 
and monitoring priorities. This first scenarios process for the 
North Slope will provide a baseline and framework for any 
future efforts that may be required.

6.3. Relevance to Other Efforts
The Arctic is warming at twice the rate of the rest of the Earth, 
with far-reaching consequences for Arctic residents. At the 
same time, the Arctic is also under intense focus for energy 
development. Imagining the plausible future of the Arctic is 
therefore no easy task, and there is no shortage of interest in 
how the Arctic is managed. These range from conservation to 
new opportunities for industrial development. It is certainly 
challenging to address input from political leaders, civil 
servants, scientists, Arctic residents, business representatives, 
non-governmental organizations, and Arctic security 
personnel. Regardless of the interests, there is commonality 
in addressing critical uncertainties about a changing climate, 
societal adaptation, food security, markets of opportunity, 
geopolitics, and deploying technologies proven to operate 
safely outside the Arctic into Arctic conditions. The tendency, 
when faced with such complexity, has been to focus future 
planning, permitting, or other actions on a single driver 
while making the assumption that the driver will remain 
constant into the future. Helping to address these multiple 
uncertainties and map a way forward that recognizes there 
is not one driver but many drivers of change that intersect in 
multiple ways is where scenarios become an effective tool to 
help decision makers address those uncertainties.

The North Slope Scenarios Project has either direct or indirect 
relevance to the goals and objectives of many initiatives 
and projects in the Arctic that are regional, national, 
or international in scope. For example, from a regional 
perspective, the Arctic Landscape Conservation Cooperative 
(ALCC) has already used portions of the NSSI Emerging Issues 
Summaries to inform their development of a program of 
applied science that will help provide data more relevant 
to current and potential future management decisions. The 
ALCC and other regional forums can now potentially use 
the research and monitoring priorities generated from this 
project to develop a more targeted program for the future. 
The Northern Alaska Scenarios Project (NASP) based out of 
the University of Alaska Fairbanks was funded through a grant 
from the National Science Foundation. NASP coordinated 
work to foster the emergence of communities of practice, 
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and considered a range of indicators that could be used to 
track the trajectory of future scenarios. The North Slope 
Scenarios project provided complementary information 
on the drivers of change and the R&M priorities for some 
resource development activities considered in the NASP 
scenarios. The BLM seeks to improve the understanding of 
existing ecological conditions and how these conditions may 
be altered by environmental change and land use demands. 
Using the information provided in this project, the BLM can 
be better prepared to address future planning demands. 
The Interagency Arctic Research Policy Committee (IARPC), 
established by the Arctic Research and Policy Act of 1984 
(Public Law 101-609), is charged with developing a national 
Arctic research plan, implementing that plan, and interacting 
with Arctic residents, international Arctic research programs, 
and organizations and local institutions, including regional 
governments, in order to obtain the broadest possible view of 
Arctic research needs. IARPC is currently developing a second 
five-year strategy and has specifically requested information 
on the research priorities identified through the North Slope 
Scenarios Project to use in developing research directions. 

In “Managing for the Future in a Rapidly Changing Arctic: 
A Report to the President” (Clement et al. 2013), scenarios 
were recommended as a method of addressing uncertainty 
by recognizing a set of plausible futures for the Arctic. 
The report describes an “integrated Arctic management” 
approach and calls on federal agencies to enhance their 
future planning by assessing the results of such scenarios 
“to guide priority-setting” and share information “that 
may otherwise be overlooked.” The North Slope Scenarios 
can thus serve as a grounding project for helping to bring 
together divergent expertise to analyze plausible futures 
to provide the best science for decision makers. The U.S. 
Arctic Research Commission (USARC), an active participant 
in the North Slope Scenarios Project, has the principal 
duties to establish the national policy, priorities, and goals 
necessary to develop a federal program plan for basic and 
applied research with respect to the U.S. Arctic. The Arctic 
Research Consortium of the United States (ARCUS) has a 
broadly defined mission to identify and bring together the 
distributed human and scientific resources of the Arctic 
research community. ARCUS is working with NSF to help 
identify opportunities for collaborative research, especially 
in some of the areas that this project has identified related 
to traditional uses of the Arctic by the Peoples of the North. 
Accessing this project could help ARCUS build collaborations 
in advancing Arctic knowledge through science, technology, 
and indigenous knowledge to address the future of the Arctic 
for both researchers and decision makers.

Internationally, several working groups of the Arctic Council 
are using, or planning to use, scenarios as a way to provide 
better information to policy makers for drafting appropriate 

international cooperation in the Arctic. The Arctic Monitoring 
and Assessment Program (AMAP), through the Adaptation 
Actions in a Changing Arctic (AACA) project, is using scenarios 
(with linkages to this project and NASP) to enable more 
informed, timely, and responsive decision making. AMAP 
is collaborating with the International Institute for Applied 
Systems Analysis (IIASA) in Austria. Along with AMAP, three 
other Arctic Council Working Groups are either currently using 
scenarios (including information from this project), or are 
planning to use scenarios for their respective missions. These 
include the Conservation of Arctic Flora and Fauna (CAFF), 
Sustainable Development Working Group (SDWG), and the 
Protection of the Arctic Marine Environment (PAME). The 
Sustainable Arctic Observing Network (SAON) could also use 
the information from this project to support and strengthen 
the development of a multi-national agreement for sustained 
and coordinated pan-Arctic observing and data sharing. 
SAON is working to establish priority areas and monitoring 
indicators across the Arctic to build an information network 
that will provide observations important to both researchers 
and policy makers in the Arctic. 
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Appendix 1: Glossary of Key Terms

Scenario Process Terms
Scenario process:  A comprehensive process that identifies and evaluates plausible alternative futures for a region, in light of 
the identified driving forces and key uncertainties of the region, which is used to assess the implications of these alternative 
futures on the natural and socioeconomic resources of the region.  Within the NSSI scenario process, these will be used to 
inform and prioritize long-term research and monitoring decisions for resource managers.

Drivers of change:  Also known as “driving forces”, or simply “drivers”, these are factors or conditions which collectively will 
influence the trajectory, magnitude and speed of changes that are relevant to the focal question.

Uncertainties: Characteristics of systems that may be relevant to the focal question, but about which limited knowledge is 
available or over which there is disagreement about their current or future state.

Trends: Directional changes that are relevant to the focal question (i.e., that may influence or be influenced by the outcomes 
to that question) and are sufficiently clear that they are to some extent predictable.

features: Specific elements of future oil and gas resource development, resource extraction, or other natural changes within 
the project region, based on the scenarios identification process.

Implication: Anticipated effects on human activities, infrastructure, or natural systems resulting from the changes identified in 
the selected development scenarios.

Storyline: A narrative description of the key characteristics of the changes that may reasonably take place within the region and 
time frame under a specific scenario.

Trigger: An event or process, related to energy development, resource extraction, climate change, or other natural phenomena, 
which may cause a direct implication within the project region.

Plausibility: Represents a condition that has a reasonable potential to occur in the future.

Energy and Resource Development 
SOURCES: USGS ENERGy GLOSSARy, BOEM, EIA

Coalbed methane (CBM): Coalbed methane is a form of natural gas generated by and extracted from coal beds. In recent 
decades it has become an important source of energy in the United States and other countries.

Conventional oil and natural gas production: Crude oil and natural gas that is produced by a well drilled into a geologic 
formation in which the reservoir and fluid characteristics permit the oil and natural gas to readily flow to the wellbore.

Economically recoverable resources: Portion of the assessed technically recoverable resource for which the costs of finding, 
development, and production, including a return to capital, can be recovered by production revenues at a given price.

Enhanced oil recovery (EOR): Injection of steam, gas, or other chemical compounds into hydrocarbon reservoirs to stimulate 
the production of usable oil beyond what is possible through natural pressure, water injection, and pumping at the wellhead.

Gas hydrates: Naturally occurring “icelike” combinations of natural gas and water that have the potential to provide an immense 
resource of natural gas from the world’s oceans and polar regions. Gas hydrates are known to be widespread in permafrost 
regions and beneath the sea in sediments of outer continental margins. It is generally accepted that the volume of natural gas 
contained in the world’s gas hydrate accumulations greatly exceeds that of known gas reserves.
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Heavy oil: Any type of crude oil which does not flow easily. It is referred to as “heavy” because its density or specific gravity is 
higher than that of light crude oil.

Hydraulic fracturing (AKA fracking): A well development process that involves injecting water under high pressure into a 
bedrock formation via the well. This is intended to increase the size and extent of existing bedrock fractures.

Liquefied natural gas (LNG): Natural gas (primarily methane) that has been liquefied by reducing its temperature to 260 
degrees Fahrenheit at atmospheric pressure.

Natural gas liquids (NGLs): Those hydrocarbons in natural gas that are separated from the gas as liquids through the process of 
absorption, condensation, adsorption, or other methods in gas processing or cycling plants.

Outer continental shelf (OCS):  The Federal Government administers the submerged lands, subsoil, and seabed, lying between 
the seaward extent of the States’ jurisdiction and the seaward extent of Federal jurisdiction.

Technically recoverable: Those resources producible using currently available technology and industry practices.

Tight oil: Oil produced from petroleum bearing formations with low permeability that must be hydraulically fractured to 
produce oil at commercial rates. Shale oil is a subset of tight oil.

Unconventional oil accumulation:  A “continuous” or “unconventional” oil accumulation means that the oil resource is 
dispersed throughout a geologic formations rather than existing as discrete, localized occurrences, such as those in conventional 
accumulations. Unconventional resources often require special technical drilling and recovery methods. Ex. tight oil, or heavy 
oil.
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Appendix 2: Workshop Participants

Name Organization
Workshop 1 - Scenario Identification
Allan Reece Shell (retired)

Amy Lovecraft University of Alaska Fairbanks

Andrew Hartsig Ocean Conservancy

Barry Fradkin GeoAdaptive, LLC

Betsy Baker University of Washington, Law School - Alaska Programs

Bob Winfree National Park Service

Brian Person North Slope Borough - Dept. of Wildlife Management

Bruce Harland Crowley Maritime Corporation

Bud Cribley Bureau of Land Management

Cheryl Rosa US Arctic Research Commission

Dave yokel Bureau of Land Management

David Brown ConocoPhilips

David Johnston Bureau of Ocean Energy Management

Dennis Thurston Bureau of Ocean Energy Management

Denny Lassuy North Slope Science Initiative

Doug Causey University of Alaska Anchorage

Eleanor Huffines Pew Charitable Trusts

George Olemaun Inupiat Community of the Arctic Slope

Gordon Brower North Slope Borough - Planning Dept.

Hajo Eicken University of Alaska Fairbanks

Jamie Robinson US Coast Guard

Jan Caulfield Jan Caulfield Consulting

Jerry Brian Bureau of Ocean Energy Management

Jerry McBeath University of Alaska Fairbanks

Jim Hemsath Alaska Industrial Development and Export Authority

John Hopson Jr. Arctic Slope Regional Corporation, Alaska Eskimo Whaling Commission, Mayor of Wainwright

John Payne North Slope Science Initiative

Juan Carlos Vargas GeoAdaptive, LLC

Kevin Hillmer-Pegram University of Alaska Fairbanks

Larry Persily Office of the Federal Coordinator for Alaska Natural Gas Transportation Projects

Libby Larson National Aeronautics and Space Administration

Lois Dalle-Molle National Parks Service

Louis Brzuzy Shell

Marc Mueller-Stoffels University of Alaska Fairbanks

Nancy Fresco University of Alaska Fairbanks

Nils Andreassen Institute of the North

Olivia Lee University of Alaska Fairbanks

Paul Martz Alaska Dept. of Labor

Philip Martin US Fish and Wildlife Service

Rance Wall Bureau of Ocean Energy Management
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Name Organization
Sara Longan Alaska Dept. of Natural Resources

Scott Carr Bureau of Safety and Environmental Enforcement

Serena Sweet Bureau of Land Management

Sophia Emperador GeoAdaptive, LLC

Stan Senner Audubon

Stephen Gray USGS Alaska Climate Science Center

Tatiana Saksina International Union for Conservation of Nature

Toby Schwoerer University of Alaska Anchorage - Institute of Social and Economic Research

Workshop 2 - Scenario Implications
Aaron Mize United States Fish and Wildlife Service

Amy Holman National Oceanic and Atmospheric Administration

Andrew Hartsig Ocean Conservancy

Barry Fradkin GeoAdaptive, LLC

Berill Blair University of Alaska Fairbanks

Bob Winfree National Park Service (retired)

Brent Sheets University of Alaska Fairbanks

Brian Person North Slope Borough

Bud Cribley Bureau of Land Management

Carl Markon United States Geological Survey

Cheryl Rosa US Arctic Research Commission

David Albert The Nature Conservancy

David Arnold Nuiqsut City Council

Dave yokel Bureau of Land Management

Dee Williams Bureau of Ocean Energy Management

Denny Lassuy North Slope Science Initiative

Doug Cost University of Alaska Fairbanks

Eleanor Huffines Pew Charitable Trusts

Elizabeth Logerwell National Oceanic and Atmospheric Administration

Eric Febbo ExxonMobil

George Olemaun Inupiat Community of the Arctic Slope

Gordon Brower North Slope Borough

Hajo Eicken University of Alaska Fairbanks

Jamie Trammell University of Alaska Anchorage/Alaska Natural Heritage Program

Jan Caulfield Jan Caulfield Consulting

Jeff Organek Alaska Department of Transportation

Jerry Brian Bureau of Ocean Energy Management

Jerry McBeath University of Alaska Fairbanks

Jim Hemsath Alaska Industrial Development and Export Authority

John Payne North Slope Science Initiative

Josh Koch United States Geological Survey

Juan Carlos Vargas GeoAdaptive, LLC
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Name Organization
Kevin Hillmer Pegram University of Alaska Fairbanks

Libby Larson National Aeronautics and Space Administration

Liz Snyder University of Alaska Anchorage

Louis Brzuzy Shell

Maureen Clark Bureau of Land Management

Melissa Head Alaska Department of Natural Resources

Nancy Fresco University of Alaska Fairbanks

Olivia Lee University of Alaska Fairbanks

Philip Martin United States Fish and Wildlife Service

Qaiyaan Harcharek North Slope Borough

Robert Rich Arctic Research Consortium of the U.S.

Robyn Angliss National Oceanic and Atmospheric Administration

Sara Longan Alaska Department of Natural Resources

Scott Carr Bureau of Safety and Environmental Enforcement

Scott Pegau Oil Spill Recovery Institute

Siri Veland Brown University

Sophia Emperador GeoAdaptive, LLC

Steve Masterman AK Div. of Geological & Geophysical Surveys

Tatiana Saksina International Union for Conservation of Nature

Tim Fullman The Wildlife Society

Tracie Curry University of Alaska Fairbanks

Trent Hubbard Alaska Division of Geological and Geophysical Surveys

Wanda Kippi Atqasuk City Council

Workshop 3 - Research and Monitoring
Barry Fradkin GeoAdaptive, LLC

Ben Jones U.S. Geological Survey

Bud Cribley Bureau of Land Management

Bob Bolton University of Alaska Fairbanks/NSSI Science Technical Advisory Panel

Bob Meyer North Slope Science Initiative Science Technical Advisory Panel (retired)

Bob Rich Arctic Research Consortium of the United States

Bob Winfree National Park Service (retired)

Cheryl Rosa US Arctic Research Commission/Oversight Group

David Cairns Texas A&M University

Dee Williams Bureau of Ocean Energy Management

Denny Lassuy North Slope Science Initiative

Dmitry Nicolsky University of Alaska Fairbanks

Doug Cost University of Alaska Fairbanks

Eric Febbo ExxonMobil

Gary Kofinas University of Alaska Fairbanks

Gordon Brower North Slope Borough

Hajo Eicken University of Alaska Fairbanks

Jamie Trammell University of Alaska Anchorage / Alaska Natural Heritage Program

Jan Caulfield Jan Caulfield Consulting
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Name Organization
Janet Kidd Alaska Biological Research

Jason Taylor Bureau of Land Management

Jess Grunblatt Geographic Information Network of Alaska/ University of Alaska Fairbanks

Jerry McBeath University of Alaska Fairbanks/ NSSI Science Technical Advisory Panel

Jessie Cherry University of Alaska Fairbanks

John Payne North Slope Science Initiative

Juan Carlos Vargas GeoAdaptive, LLC

Linda Brewer Environmental Resources Management / NSSI Science Technical Advisory Panel

Lois Dalle Molle National Park Service

Lorene Lynn HDR Engineering

Mark Storzer Bureau of Ocean Energy Management

Maureen Clark Bureau of Land Management

Melissa Head Alaska Department of Natural Resources

Mike Aamodt Barrow

Olivia Lee University of Alaska Fairbanks

Philippe Amstislavsk University of Alaska Anchorage

Qaiyaan Harcharek North Slope Borough

Robert Shuchman Michigan Technological University / NSSI Science Technical Advisory Panel

Robert Suydam North Slope Borough / NSSI Science Technical Advisory Panel

Robyn Angliss National Oceanic and Atmospheric Administration / NSSI Science Technical Advisory Panel

Scott Carr Bureau of Safety and Environmental Enforcement

Scott Pegau Oil Spill Recovery Institute / NSSI Science Technical Advisory Panel

Sheyna Wisdom Fairweather Science

Sophia Emperador GeoAdaptive, LLC

Stacy Fritz Bureau of Land Management

Taqulik Hepa North Slope Borough

Tatiana Saksina International Union for Conservation of Nature

Ted Swem U.S. Fish and Wildlife Service

Tim Fullman The Wilderness Society

Tom Ravens University of Alaska Anchorage

Tracy Curry University of Alaska Fairbanks
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Figure 69. Participants	 interacting	 and	 presenting	 their	 comments	
during	the	opening	exercise	for	Workshop	1

The first exercise for each of the three participatory workshops 
served as an introductory activity or icebreaker amongst 
the participants. The exercise was conducted to encourage 
participants to explore the initial conceptions of the scenario 
process and their expectations regarding the outcomes and 
applicability of the process to help inform or support their 
particular work. 

Each exercise was conducted in a similar fashion, where each 
participant was given three notes on which they could write 
their responses and were asked to then sort their responses 
within the provided categories. After the responses for each 
question were added, a short discussion was facilitated 
based on participants responses. The questions posed to the 
participants and a summary of the responses is provided in 
the following pages. 

Figure 70. Participants	 writing	 their	 comments	 related	 to	 the	
questions	posed	in	the	icebreaker	exercise	-	Workshop	2

Figure 71. Participants	adding	responses	to	the	icebreaker	question	
-	Workshop	2

Figure 72. Icebreaker	exercise	-	Workshop	3

Appendix 3: Workshop - Icebreaker Exercises
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WORKSHOP 1
Q1. What do you hope to gain from and contribute to this scenario process?

Categories provided: management/decision making; resource extraction and infrastructure; research and monitoring; 
community well-being and other.

WORKSHOP 2
Q1. What have been the most significant implications (up to three) of resource and energy development on the North Slope 
and adjacent seas since the development of Prudhoe Bay in the late 1970’s?

Categories provided: Subsistence, human/social, economic factors, natural environment (physical factors), natural 
environment (terrestrial & freshwater ecosystems), natural environment (marine & coastal ecosystems), and other.

Q2. What do you expect will be the most significant implications (3) of future resource and energy development on the North 
Slope and adjacent seas through 2040?

Categories provided:  Subsistence, human/social, economic factors, natural environment (physical factors), natural 
environment (terrestrial & freshwater ecosystems), natural environment (marine & coastal ecosystems), and other.

Number�of�responses�
per�category

Participant�derived�key�words

Participant�derived�key�words Past

FutureParticipant�derived�key�words

Figure 73. Icebreaker	exercise	results	-	Workshop	1

Figure 74. Icebreaker	exercise	results	-	Workshop	2	(question	1)

Figure 75. Icebreaker	exercise	results	-	Workshop	1	(question	2)
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WORKSHOP 3
Q1. Which are the 3 most significant Research or Monitoring efforts that have led to a useful understanding of your concerns 
about the following implication sub-categories surrounding energy development and resource extraction on the North Slope 
and adjacent seas since the development of Prudhoe Bay (1970’s)?

Categories provided: Management/decision making; resource extraction and infrastructure; research and monitoring; 
community well-being and other

Q1. Which are the 3 most significant Research and Monitoring efforts that would lead to a useful understanding of your concerns 
about the following implication sub-categories surrounding energy development and resource extraction on the North Slope 
and adjacent seas through 2040?

Categories provided: Integrate knowledge of different stakeholders in the region, understand future state of socio-
ecological relationships, provide science-based information for decision-makers, visualize potential changes towards 2040 
in the North Slope and Adjacent Seas, identify priorities and coordinate research and monitoring effects and other

Results	were	summarized	by	implication	subcategory,	not	
categories	provided	(listed	above).

Results	were	summarized	by	implication	subcategory,	not	
categories	provided	(listed	above).

Participant�derived�key�words

Participant�derived�key�words

Figure 76. Icebreaker	exercise	results	-	Workshop	3	(question	1)

Figure 77. Icebreaker	exercise	results	-	Workshop	3	(question	2)
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Group

Level of prioritization 
assigned by group Average score from 

individual responses
(April 2014 survey)

Average of 
scores across 

all metrics

Sum of all average 
scores

(Highlight >7)SSC-
STAP

OG SCG

Natural�Systems
Extent�of�seasonal�sea�ice 3 3 3 2.58 2.67 11.58

Climate�Change�(temperature/
precipitation�pattern) 3 3 3 2.00 2.20 11.00

Threatened/Endangered�species�
listings/critical�habitat�designations 3 3 3 2.17 2.33 11.17

Erosion�(coastal�or�riverine) 3 3 3 1.92 2.13 10.92

Environmental�disasters�–human-
caused�(e.g.�spills) 3 3 3 2.42 2.53 11.42

Permafrost�degradation 3 0 3 1.92 1.93 7.92

Fresh�water�availability�and�quality 3 0 0 1.92 1.73 4.92

Environmental�disasters�–�natural�(e.g.�
earthquakes,�tsunami) 3 0 0 0.83 0.87 3.83

Disaster�response�effectiveness 0 0 0 1.67 1.33 1.67

Ocean�acidification 0 0 0 0.83 0.67 0.83

Prevalence�of�Endangered�species-
listed�species 0 0 0 1.67 1.33 1.67

Diseases�new�to�the�Arctic 0 0 0 0.67 0.53 0.67

Community�Dynamics
Community�decision�making/stance�on�
development 0 3 3 2.75 2.60 8.75

Local�(village/borough)�economy 3 3 3 2.00 2.21 11.00

North�Slope�village�demographics�(in/
out�migration) 3 0 0 1.42 1.33 4.42

Community�environmental�health�and�
food�security 3 0 3 1.92 1.93 7.92

Economic�and�Regulatory
Price�of�oil�and�gas�products 3 3 3 2.92 2.93 11.92

Demand�for�energy/mineral�resources 3 3 3 2.92 2.93 11.92

Regulatory�environment�(state�and�
federal) 3 3 3 2.50 2.60 11.50

Development�infrastructure�(onshore/
coastal) 3 3 3 2.50 2.60 11.50

Price�of�other�commodities�(e.g.�
metals,�coal) 3 3 3 1.92 2.13 10.92

Oil/gas�production�tax�code 3 3 3 2.08 2.27 11.08

Development�of�oil/gas�outside�of�
Alaska�(global) 3 3 0 2.00 2.00 8.00

National�defense�(operations,�bases,�
sea/air�traffic) 3 0 0 1.50 1.40 4.50

Global�economy 0 3 0 1.67 1.53 4.67

Appendix 4: Prioritization of Drivers of Change

Table 15. Ratings	given	to	the	initial	list	of	drivers	of	change	and	the	identification	of	those	with	higher	priority
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Group

Level of prioritization 
assigned by group Average score from 

individual responses
(April 2014 survey)

Average of 
scores across 

all metrics

Sum of all average 
scores

(Highlight >7)SSC-
STAP

OG SCG

U.S.�national�economy 0 3 0 1.67 1.53 4.67

Alaska�state�economy 0 0 0 1.83 1.47 1.83

Arctic�port�development�(pattern,�
placement,�use) 0 0 0 2.00 1.60 2.00

Shale�oil/gas�development�(North�
Slope�and�elsewhere) 0 0 0 1.58 1.27 1.58

Current�state�and�federal�political�
environments 0 0 0 0.17 0.13 0.17

Size�and�availability�of�oil�and�gas�
deposits 0 0 0 0.25 0.20 0.25

Technology�and�Information
New�technology�related�to�oil�and�
gas�(discovery,�drilling,�clean-up�
techniques)

3 3 0 2.50 2.40 8.50

Development�of�energy�efficiency�
technology�(less�demand�for�
conventional�energy)

3 0 0 1.91 1.71 4.91

Data�access,�integration,�networks�and�
data�systems 3 0 0 1.08 1.07 4.08

Demographics,�Political�and�Education
Global�political�stability 3 3 3 1.83 2.07 10.83

Human�population�trends�(loss�or�gain) 3 0 0 1.08 1.07 4.08

Education 3 0 0 0.92 0.93 3.92

Prioritized drivers of change are indicated in yellow

Table	15.	Ratings	given	to	the	initial	list	of	drivers	of	change	and	the	identification	of	those	with	higher	priority	(cont.)

SSC-STAP North Slope Science Initiative Senior Staff/ Science and Technical Advisory Panel
OG  North Slope Science Initiative Oversight Group
SCG Scenarios Consultative Group

Metrics for identifying priority drivers
Members of the Scenarios Consultative Group (SCG) were asked to rank drivers of change with respect to the focal question:

“What	is	the	future	of	energy	development,	resource	extraction,	and	associated	support	activities	on	the	North	Slope	and	
adjacent	seas	through	2040?”

Responses in each column were converted into the following scale:
First three columns: X=3, blank=0  
Individual participant responses: High (H) = 1; Medium (M) = 2; Low Importance(L) = 1; Not Important(N) = 0; blank=0

Two metrics were calculated as follows. 
1. The first metric took an average of all scores across all columns. This gave equal weighting to individual responses and 

aggregate responses (columns 1-3) with a maximum value of 3.
2. The second metric used the average score for individual responses (April 2014 survey), thus gave equal weighting for 

aggregate responses, and lower weighting for individual responses. This metric was calculated from the sum of all aggregate 
survey responses (columns 1-3) and the average individual response value for a maximum overall value of 12.

Finally, the drivers were identified from both metrics where the individual driver score was greater than 58% of the possible 
maximum score (>1.75 for metric 1, >7 for metric 2). Both metrics identified the same priority drivers.
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Appendix 5: Workshop 1 documentation
The following three images present the selected driver ranges from each of the breakout groups. Each color line represents the 
individual responses for each breakout group. 
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Large increase in 
temperature (more 
than 2°C in winter) 
and precipitation; 
increased frequency 
of extreme events

Arctic Ocean mostly 
ice-free in summer; 
coastal freeze-up 
starts in  January 
along northern Alaska 
shore

At least one large 
scale environmental 
disaster occurs; major 
impacts on wildlife 
and communities

Significant expansion 
of on- and offshore 
development, new 
onshore pipeline 
connecting to Chukchi 
rigs; gas pipeline is 
built, expansion of 
roads

Enhanced oil 
recovery for existing 
reservoirs and 
significant increase 
in unconventional oil 
and gas activity

Oil prices rise to 
above $300/barrel, 
strong economic 
recovery from 
financial crisis, strong 
economic growth 
worldwide

High demand due 
to strong economic 
growth worldwide; 
increased infrastructure 
across Arctic Alaska to 
access mines and other 
extractive processes

 High demand for oil 
and gas, environmental 
restrictions in the U.S. and 
low cost of production in the 
lower 48 allows increased 
production outside Alaska; 
increased production in 
other major oil producing 
countries

Regulation highly 
coordinated and flexible; 
focus is on economic 
development; investment 
uncertainty 
reduced; ecosystem function 
and food security uncertainty 
increased.

High stability. More 
cooperation among A8 
meaning better sharing 
of best practices which 
could lead to better 
environmental outcomes 
and development.  How high 
stability affects Observers is 
uncertain - could result in 
more participation or more 
protectionism.

Broad disagreements on major issues 
influencing development; litigation 
is common; low cooperation among 
communities and community decision-
makers at various levels; could leave 
communities exposed to “buy off” 
or influence by corporate, state, 
and federal interests as well as less 
development. 

Moderate change 
in temperature (less 
than 2°C in winter) 
and precipitation

Arctic Ocean summer 
ice extent reduced by 
half; coastal freeze-up 
starts in December 
along northern Alaska 
shore

Predominantly 
small-medium scale 
environmental 
impacts offshore and 
onshore; moderate 
impacts on wildlife 
and subsistence 
activities.

Terrestrial oil and gas 
infrastructure expands 
significantly; gradual 
initiation of offshore 
development, deep-
draft port is built.

Enhanced oil 
recovery for existing 
reservoirs and 
moderate increase 
in unconventional oil 
and gas activity.

Oil prices in the 
$150-$200 range, 
worldwide oil 
production remains 
high due to new 
technologies, 
moderate switch to 
renewables

Volatile demand Moderate demand for 
oil and gas coupled with 
improvements in technology 
slows development of oil 
and gas outside Alaska.

Improved regulatory 
coordination leads to greater 
certainty; regulations remain 
protective of ecosystem 
function and food security; 
regulatory conflicts continue 
but are resolved more quickly.

Likely similar to current 
situation with general 
A8 agreement and some 
development alongside 
some environmental 
protection.  Incremental 
change in both policy areas.

Minor disagreements about a few key 
issues on development; moderate 
cooperation among communities 
represented at various levels

Small change 
in temperature 
(less than 1.5°C 
in winter) and 
precipitation

Ice conditions 
comparable to 2014; 
coastal freeze-up 
starts in October

No large-scale 
environmental 
disasters; minor 
impacts to wildlife

Continued 
incremental 
expansion of 
terrestrial oil and gas 
infrastructure; no new 
offshore development

Use of enhanced oil 
recovery for existing 
reservoirs; minimal 
activity related to 
unconventional oil 
and gas

Oil prices below $100/
barrel, worldwide 
growth remains 
sluggish, price of 
carbon reduces 
demand and increases 
renewable sources of 
energy

Low demand due to 
sluggish economic 
growth worldwide

Low demand and high 
supply of oil and gas  favors 
decreased development of 
oil and gas globally.

Few additional regulations 
implemented; some 
protections may be rolled 
back; poor regulatory 
coordination may lead to 
uncertainty and legal delays; 
effect on development 
unpredictable.

Low global political stability. 
Potential environmental 
damage from lack of 
coordination across 
countries. Development 
uncertain due to conflict. 
Agreements on goals  within 
the Arctic Council may be 
destabilized.

Broad community support 
for development; few minor 
disagreements; strong cooperation 
among community decision-makers; 
this unity would likely mean an 
agreement across the different 
components of the “community” 
in other words, native corps, tribal 
corps, city and borough governments, 
ICAS etc.. One outcome of this could 
be further ability to resist the state 
and federal governments to do 
development “in their own way”; it 
could potentially better benefit the 
local scale conditions.

O
th

er

Incremental	through	
2040	

N/A Alternative	mineral	
transaction,	
alternative	resource	
extraction	and	safety	
and	transportation.

$150-200/barrel,	
price	over	long	period	
of	time

High	demand	due	
to	global	instability	
and	strong	interest	
in	domestic	supply	
security.	

Global	stability	reduces	
development	of	production	
outside	of	the	US	and	Alaska

Predictable	regulatory	
environment	and	predictable		
TAK	structure	that	encourages	
economic	development/
opportunities	and	incentives	
for	corporations.	

Medium	global	stability North	Slope	residents	are	participating	
in	decision	processes	and	in	
development.	Region’s	residents	are	
seeing	the	benefits	of	development.

Major	shifts	in	
economies	towards	
renewables	and	
natural	gas.

Initially	not	beneficial	to	
Alaska,	but	over	long	term	
it	will	drive	more	production	
on	the	North	Slope.

Low	global	stability	in	oil	
production

Social	license	is	sufficient	to	continue	
current	trends.

Not	a	major	factor. Not	a	major	factor. No	large	scale	but	
some	impact	to	
wildlife.

Combination	of	top	
two,	rise	in	spill	
response	technology.

Range	in	the	first	two	
columns.	Low	development	
outside	Alaska		coupled	
with	high	demand	for	oil	
and	gas.

N/A

Table 16. Driver	ranges	identified	for	the	top	drivers	prioritized	by	participants	for	the	High	Development	Scenario

DRIVER RANGES - HIGH DEVELOPMENT SCENARIO
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Large increase in 
temperature (more 
than 2°C in winter) 
and precipitation; 
increased frequency 
of extreme events

Arctic Ocean mostly 
ice-free in summer; 
coastal freeze-up 
starts in  January 
along northern Alaska 
shore

At least one large 
scale environmental 
disaster occurs; major 
impacts on wildlife 
and communities

Significant expansion 
of on- and offshore 
development, new 
onshore pipeline 
connecting to Chukchi 
rigs; gas pipeline is 
built, expansion of 
roads

Enhanced oil 
recovery for existing 
reservoirs and 
significant increase 
in unconventional oil 
and gas activity

Oil prices rise to 
above $300/barrel, 
strong economic 
recovery from 
financial crisis, strong 
economic growth 
worldwide

High demand due 
to strong economic 
growth worldwide; 
increased infrastructure 
across Arctic Alaska to 
access mines and other 
extractive processes

 High demand for oil 
and gas, environmental 
restrictions in the U.S. and 
low cost of production in the 
lower 48 allows increased 
production outside Alaska; 
increased production in 
other major oil producing 
countries

Regulation highly 
coordinated and flexible; 
focus is on economic 
development; investment 
uncertainty 
reduced; ecosystem function 
and food security uncertainty 
increased.

High stability. More 
cooperation among A8 
meaning better sharing 
of best practices which 
could lead to better 
environmental outcomes 
and development.  How high 
stability affects Observers is 
uncertain - could result in 
more participation or more 
protectionism.

Broad disagreements on major issues 
influencing development; litigation 
is common; low cooperation among 
communities and community decision-
makers at various levels; could leave 
communities exposed to “buy off” 
or influence by corporate, state, 
and federal interests as well as less 
development. 

Moderate change 
in temperature (less 
than 2°C in winter) 
and precipitation

Arctic Ocean summer 
ice extent reduced by 
half; coastal freeze-up 
starts in December 
along northern Alaska 
shore

Predominantly 
small-medium scale 
environmental 
impacts offshore and 
onshore; moderate 
impacts on wildlife 
and subsistence 
activities.

Terrestrial oil and gas 
infrastructure expands 
significantly; gradual 
initiation of offshore 
development, deep-
draft port is built.

Enhanced oil 
recovery for existing 
reservoirs and 
moderate increase 
in unconventional oil 
and gas activity.

Oil prices in the 
$150-$200 range, 
worldwide oil 
production remains 
high due to new 
technologies, 
moderate switch to 
renewables

Volatile demand Moderate demand for 
oil and gas coupled with 
improvements in technology 
slows development of oil 
and gas outside Alaska.

Improved regulatory 
coordination leads to greater 
certainty; regulations remain 
protective of ecosystem 
function and food security; 
regulatory conflicts continue 
but are resolved more quickly.

Likely similar to current 
situation with general 
A8 agreement and some 
development alongside 
some environmental 
protection.  Incremental 
change in both policy areas.

Minor disagreements about a few key 
issues on development; moderate 
cooperation among communities 
represented at various levels

Small change 
in temperature 
(less than 1.5°C 
in winter) and 
precipitation

Ice conditions 
comparable to 2014; 
coastal freeze-up 
starts in October

No large-scale 
environmental 
disasters; minor 
impacts to wildlife

Continued 
incremental 
expansion of 
terrestrial oil and gas 
infrastructure; no new 
offshore development

Use of enhanced oil 
recovery for existing 
reservoirs; minimal 
activity related to 
unconventional oil 
and gas

Oil prices below $100/
barrel, worldwide 
growth remains 
sluggish, price of 
carbon reduces 
demand and increases 
renewable sources of 
energy

Low demand due to 
sluggish economic 
growth worldwide

Low demand and high 
supply of oil and gas  favors 
decreased development of 
oil and gas globally.

Few additional regulations 
implemented; some 
protections may be rolled 
back; poor regulatory 
coordination may lead to 
uncertainty and legal delays; 
effect on development 
unpredictable.

Low global political stability. 
Potential environmental 
damage from lack of 
coordination across 
countries. Development 
uncertain due to conflict. 
Agreements on goals  within 
the Arctic Council may be 
destabilized.

Broad community support 
for development; few minor 
disagreements; strong cooperation 
among community decision-makers; 
this unity would likely mean an 
agreement across the different 
components of the “community” 
in other words, native corps, tribal 
corps, city and borough governments, 
ICAS etc.. One outcome of this could 
be further ability to resist the state 
and federal governments to do 
development “in their own way”; it 
could potentially better benefit the 
local scale conditions.

O
th

er

Incremental	through	
2040	

N/A Alternative	mineral	
transaction,	
alternative	resource	
extraction	and	safety	
and	transportation.

$150-200/barrel,	
price	over	long	period	
of	time

High	demand	due	
to	global	instability	
and	strong	interest	
in	domestic	supply	
security.	

Global	stability	reduces	
development	of	production	
outside	of	the	US	and	Alaska

Predictable	regulatory	
environment	and	predictable		
TAK	structure	that	encourages	
economic	development/
opportunities	and	incentives	
for	corporations.	

Medium	global	stability North	Slope	residents	are	participating	
in	decision	processes	and	in	
development.	Region’s	residents	are	
seeing	the	benefits	of	development.

Major	shifts	in	
economies	towards	
renewables	and	
natural	gas.

Initially	not	beneficial	to	
Alaska,	but	over	long	term	
it	will	drive	more	production	
on	the	North	Slope.

Low	global	stability	in	oil	
production

Social	license	is	sufficient	to	continue	
current	trends.

Not	a	major	factor. Not	a	major	factor. No	large	scale	but	
some	impact	to	
wildlife.

Combination	of	top	
two,	rise	in	spill	
response	technology.

Range	in	the	first	two	
columns.	Low	development	
outside	Alaska		coupled	
with	high	demand	for	oil	
and	gas.

N/A

Group�A

Group�C

Group�D

Group�F

Group�E
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Large increase in 
temperature (more 
than 2°C in winter) 
and precipitation; 
increased frequency 
of extreme events

Arctic Ocean mostly 
ice-free in summer; 
coastal freeze-up 
starts in  January 
along northern Alaska 
shore

At least one large 
scale environmental 
disaster occurs; major 
impacts on wildlife 
and communities

Significant expansion 
of on- and offshore 
development, new 
onshore pipeline 
connecting to Chukchi 
rigs; gas pipeline is 
built, expansion of 
roads

Enhanced oil 
recovery for existing 
reservoirs and 
significant increase 
in unconventional oil 
and gas activity

Oil prices rise to 
above $300/barrel, 
strong economic 
recovery from 
financial crisis, strong 
economic growth 
worldwide

High demand due 
to strong economic 
growth worldwide; 
increased infrastructure 
across Arctic Alaska to 
access mines and other 
extractive processes

 High demand for oil 
and gas, environmental 
restrictions in the 
U.S. and low cost of 
production in the lower 
48 allows increased 
production outside 
Alaska; increased 
production in other 
major oil producing 
countries

Regulation highly coordinated 
and flexible; focus is on economic 
development; investment 
uncertainty reduced; ecosystem 
function and food security 
uncertainty increased.

High stability. More 
cooperation among A8 
meaning better sharing 
of best practices which 
could lead to better 
environmental outcomes 
and development.  How high 
stability affects Observers is 
uncertain - could result in 
more participation or more 
protectionism.

Broad disagreements on major issues 
influencing development; litigation 
is common; low cooperation among 
communities and community decision-
makers at various levels; could leave 
communities exposed to “buy off” 
or influence by corporate, state, 
and federal interests as well as less 
development. 

Moderate change 
in temperature (less 
than 2°C in winter) 
and precipitation

Arctic Ocean summer 
ice extent reduced by 
half; coastal freeze-up 
starts in December 
along northern Alaska 
shore

Predominantly 
small-medium scale 
environmental 
impacts offshore and 
onshore; moderate 
impacts on wildlife 
and subsistence 
activities.

Terrestrial oil and gas 
infrastructure expands 
significantly; gradual 
initiation of offshore 
development, deep-
draft port is built.

Enhanced oil 
recovery for existing 
reservoirs and 
moderate increase 
in unconventional oil 
and gas activity.

Oil prices in the 
$150-$200 range, 
worldwide oil 
production remains 
high due to new 
technologies, 
moderate switch to 
renewables

Volatile demand Moderate demand for 
oil and gas coupled 
with improvements 
in technology slows 
development of oil and 
gas outside Alaska.

Improved regulatory coordination 
leads to greater certainty; 
regulations remain protective 
of ecosystem function and food 
security; regulatory conflicts 
continue but are resolved more 
quickly.

Likely similar to current 
situation with general 
A8 agreement and some 
development alongside 
some environmental 
protection.  Incremental 
change in both policy areas.

Minor disagreements about a few key 
issues on development; moderate 
cooperation among communities 
represented at various levels

Small change 
in temperature 
(less than 1.5°C 
in winter) and 
precipitation

Ice conditions 
comparable to 2014; 
coastal freeze-up 
starts in October

No large-scale 
environmental 
disasters; minor 
impacts to wildlife

Continued 
incremental 
expansion of 
terrestrial oil and gas 
infrastructure; no new 
offshore development

Use of enhanced oil 
recovery for existing 
reservoirs; minimal 
activity related to 
unconventional oil 
and gas

Oil prices below $100/
barrel, worldwide 
growth remains 
sluggish, price of 
carbon reduces 
demand and increases 
renewable sources of 
energy

Low demand due to 
sluggish economic 
growth worldwide

Low demand and 
high supply of oil and 
gas  favors decreased 
development of oil and 
gas globally.

Few additional regulations 
implemented; some protections 
may be rolled back; poor regulatory 
coordination may lead to 
uncertainty and legal delays; effect 
on development unpredictable.

Low global political stability. 
Potential environmental 
damage from lack of 
coordination across 
countries. Development 
uncertain due to conflict. 
Agreements on goals  within 
the Arctic Council may be 
destabilized.

Broad community support 
for development; few minor 
disagreements; strong cooperation 
among community decision-makers; 
this unity would likely mean an 
agreement across the different 
components of the “community” 
in other words, native corps, tribal 
corps, city and borough governments, 
ICAS etc.. One outcome of this could 
be further ability to resist the state 
and federal governments to do 
development “in their own way”; it 
could potentially better benefit the 
local scale conditions.

O
th

er

Incremental	to	2040. $100+	range	with	
minor	volatility

Predictable	demand	
supports	stable	prices

Modest	development	of	
oil	and	gas	outside	of	
Alaska

Dependent	on	administrative	and	
political	environment.	

Moderate	pace	of	development	
influences	community	support.
Sustainable	development	support.

Not	a	major	factor. Not	a	major	factor. Social	license	is	sufficient	to	continue	
current	trends.

N/A Consistent	moderate	
demand

Consistent	balanced	regulatory	
environment.	Some	industry	
uncertainty	with	protection	of	the	
ecosystem	function	&	food	security.

Communities	have	significant	control	
over	development	decisions.	

Table 17. Driver	ranges	identified	for	the	top	drivers	prioritized	by	participants	for	the	Medium	Development	Scenario

DRIVER RANGES - MEDIUM DEVELOPMENT SCENARIO
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Large increase in 
temperature (more 
than 2°C in winter) 
and precipitation; 
increased frequency 
of extreme events

Arctic Ocean mostly 
ice-free in summer; 
coastal freeze-up 
starts in  January 
along northern Alaska 
shore

At least one large 
scale environmental 
disaster occurs; major 
impacts on wildlife 
and communities

Significant expansion 
of on- and offshore 
development, new 
onshore pipeline 
connecting to Chukchi 
rigs; gas pipeline is 
built, expansion of 
roads

Enhanced oil 
recovery for existing 
reservoirs and 
significant increase 
in unconventional oil 
and gas activity

Oil prices rise to 
above $300/barrel, 
strong economic 
recovery from 
financial crisis, strong 
economic growth 
worldwide

High demand due 
to strong economic 
growth worldwide; 
increased infrastructure 
across Arctic Alaska to 
access mines and other 
extractive processes

 High demand for oil 
and gas, environmental 
restrictions in the 
U.S. and low cost of 
production in the lower 
48 allows increased 
production outside 
Alaska; increased 
production in other 
major oil producing 
countries

Regulation highly coordinated 
and flexible; focus is on economic 
development; investment 
uncertainty reduced; ecosystem 
function and food security 
uncertainty increased.

High stability. More 
cooperation among A8 
meaning better sharing 
of best practices which 
could lead to better 
environmental outcomes 
and development.  How high 
stability affects Observers is 
uncertain - could result in 
more participation or more 
protectionism.

Broad disagreements on major issues 
influencing development; litigation 
is common; low cooperation among 
communities and community decision-
makers at various levels; could leave 
communities exposed to “buy off” 
or influence by corporate, state, 
and federal interests as well as less 
development. 

Moderate change 
in temperature (less 
than 2°C in winter) 
and precipitation

Arctic Ocean summer 
ice extent reduced by 
half; coastal freeze-up 
starts in December 
along northern Alaska 
shore

Predominantly 
small-medium scale 
environmental 
impacts offshore and 
onshore; moderate 
impacts on wildlife 
and subsistence 
activities.

Terrestrial oil and gas 
infrastructure expands 
significantly; gradual 
initiation of offshore 
development, deep-
draft port is built.

Enhanced oil 
recovery for existing 
reservoirs and 
moderate increase 
in unconventional oil 
and gas activity.

Oil prices in the 
$150-$200 range, 
worldwide oil 
production remains 
high due to new 
technologies, 
moderate switch to 
renewables

Volatile demand Moderate demand for 
oil and gas coupled 
with improvements 
in technology slows 
development of oil and 
gas outside Alaska.

Improved regulatory coordination 
leads to greater certainty; 
regulations remain protective 
of ecosystem function and food 
security; regulatory conflicts 
continue but are resolved more 
quickly.

Likely similar to current 
situation with general 
A8 agreement and some 
development alongside 
some environmental 
protection.  Incremental 
change in both policy areas.

Minor disagreements about a few key 
issues on development; moderate 
cooperation among communities 
represented at various levels

Small change 
in temperature 
(less than 1.5°C 
in winter) and 
precipitation

Ice conditions 
comparable to 2014; 
coastal freeze-up 
starts in October

No large-scale 
environmental 
disasters; minor 
impacts to wildlife

Continued 
incremental 
expansion of 
terrestrial oil and gas 
infrastructure; no new 
offshore development

Use of enhanced oil 
recovery for existing 
reservoirs; minimal 
activity related to 
unconventional oil 
and gas

Oil prices below $100/
barrel, worldwide 
growth remains 
sluggish, price of 
carbon reduces 
demand and increases 
renewable sources of 
energy

Low demand due to 
sluggish economic 
growth worldwide

Low demand and 
high supply of oil and 
gas  favors decreased 
development of oil and 
gas globally.

Few additional regulations 
implemented; some protections 
may be rolled back; poor regulatory 
coordination may lead to 
uncertainty and legal delays; effect 
on development unpredictable.

Low global political stability. 
Potential environmental 
damage from lack of 
coordination across 
countries. Development 
uncertain due to conflict. 
Agreements on goals  within 
the Arctic Council may be 
destabilized.

Broad community support 
for development; few minor 
disagreements; strong cooperation 
among community decision-makers; 
this unity would likely mean an 
agreement across the different 
components of the “community” 
in other words, native corps, tribal 
corps, city and borough governments, 
ICAS etc.. One outcome of this could 
be further ability to resist the state 
and federal governments to do 
development “in their own way”; it 
could potentially better benefit the 
local scale conditions.

O
th

er

Incremental	to	2040. $100+	range	with	
minor	volatility

Predictable	demand	
supports	stable	prices

Modest	development	of	
oil	and	gas	outside	of	
Alaska

Dependent	on	administrative	and	
political	environment.	

Moderate	pace	of	development	
influences	community	support.
Sustainable	development	support.

Not	a	major	factor. Not	a	major	factor. Social	license	is	sufficient	to	continue	
current	trends.

N/A Consistent	moderate	
demand

Consistent	balanced	regulatory	
environment.	Some	industry	
uncertainty	with	protection	of	the	
ecosystem	function	&	food	security.

Communities	have	significant	control	
over	development	decisions.	

Group�A

Group�C

Group�D

Group�F

Group�E
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Table 18. Driver	ranges	identified	for	the	top	drivers	prioritized	by	participants	for	the	Low	Development	Scenario
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Large increase in 
temperature (more 
than 2°C in winter) 
and precipitation; 
increased frequency 
of extreme events

Arctic Ocean mostly 
ice-free in summer; 
coastal freeze-up 
starts in  January 
along northern Alaska 
shore

At least one large 
scale environmental 
disaster occurs; major 
impacts on wildlife 
and communities

Significant expansion 
of on- and offshore 
development, new 
onshore pipeline 
connecting to Chukchi 
rigs; gas pipeline is 
built, expansion of 
roads

Enhanced oil 
recovery for existing 
reservoirs and 
significant increase 
in unconventional oil 
and gas activity

Oil prices rise to 
above $300/barrel, 
strong economic 
recovery from 
financial crisis, strong 
economic growth 
worldwide

High demand due 
to strong economic 
growth worldwide; 
increased infrastructure 
across Arctic Alaska to 
access mines and other 
extractive processes

 High demand for oil 
and gas, environmental 
restrictions in the U.S. and 
low cost of production in the 
lower 48 allows increased 
production outside Alaska; 
increased production in 
other major oil producing 
countries

Regulation highly 
coordinated and flexible; 
focus is on economic 
development; investment 
uncertainty 
reduced; ecosystem function 
and food security uncertainty 
increased.

High stability. More 
cooperation among A8 
meaning better sharing 
of best practices which 
could lead to better 
environmental outcomes 
and development.  How high 
stability affects Observers is 
uncertain - could result in 
more participation or more 
protectionism.

Broad disagreements on major issues 
influencing development; litigation 
is common; low cooperation among 
communities and community decision-
makers at various levels; could leave 
communities exposed to “buy off” 
or influence by corporate, state, 
and federal interests as well as less 
development. 

Moderate change 
in temperature (less 
than 2°C in winter) 
and precipitation

Arctic Ocean summer 
ice extent reduced by 
half; coastal freeze-up 
starts in December 
along northern Alaska 
shore

Predominantly 
small-medium scale 
environmental 
impacts offshore and 
onshore; moderate 
impacts on wildlife 
and subsistence 
activities.

Terrestrial oil and gas 
infrastructure expands 
significantly; gradual 
initiation of offshore 
development, deep-
draft port is built.

Enhanced oil 
recovery for existing 
reservoirs and 
moderate increase 
in unconventional oil 
and gas activity.

Oil prices in the 
$150-$200 range, 
worldwide oil 
production remains 
high due to new 
technologies, 
moderate switch to 
renewables

Volatile demand Moderate demand for 
oil and gas coupled with 
improvements in technology 
slows development of oil 
and gas outside Alaska.

Improved regulatory 
coordination leads to greater 
certainty; regulations remain 
protective of ecosystem 
function and food security; 
regulatory conflicts continue 
but are resolved more quickly.

Likely similar to current 
situation with general 
A8 agreement and some 
development alongside 
some environmental 
protection.  Incremental 
change in both policy areas.

Minor disagreements about a few key 
issues on development; moderate 
cooperation among communities 
represented at various levels

Small change 
in temperature 
(less than 1.5°C 
in winter) and 
precipitation

Ice conditions 
comparable to 2014; 
coastal freeze-up 
starts in October

No large-scale 
environmental 
disasters; minor 
impacts to wildlife

Continued 
incremental 
expansion of 
terrestrial oil and gas 
infrastructure; no new 
offshore development

Use of enhanced oil 
recovery for existing 
reservoirs; minimal 
activity related to 
unconventional oil 
and gas

Oil prices below $100/
barrel, worldwide 
growth remains 
sluggish, price of 
carbon reduces 
demand and increases 
renewable sources of 
energy

Low demand due to 
sluggish economic 
growth worldwide

Low demand and high 
supply of oil and gas  favors 
decreased development of 
oil and gas globally.

Few additional regulations 
implemented; some 
protections may be rolled 
back; poor regulatory 
coordination may lead to 
uncertainty and legal delays; 
effect on development 
unpredictable.

Low global political stability. 
Potential environmental 
damage from lack of 
coordination across 
countries. Development 
uncertain due to conflict. 
Agreements on goals  within 
the Arctic Council may be 
destabilized.

Broad community support 
for development; few minor 
disagreements; strong cooperation 
among community decision-makers; 
this unity would likely mean an 
agreement across the different 
components of the “community” 
in other words, native corps, tribal 
corps, city and borough governments, 
ICAS etc.. One outcome of this could 
be further ability to resist the state 
and federal governments to do 
development “in their own way”; it 
could potentially better benefit the 
local scale conditions.

O
th

er

No	factor No	factor Maintaining	
existing	North	Slope	
infrastructure,	
minimal	new	
infrastructure.

Low	price	$70-100,	
high	volatility	in	
pricing.

Alaska	development	occurs	
only	in	lower	48	and	
development	decreases.	

Regulation	in	response	to	
environmental	disaster,	
but	largely	no	change	in	
regulation	(mostly	changes	
in	response	to	administration	
policies).

Communities	not	supportive	of	
development	with	strong	local	
consensus,	or	maybe	different	views.	
Little	to	no	increase	in	jobs/revenue.	
Potential	consequences	on	subsistence	
activities.	Less	impacts	on	subsistence	
species.

Incremental	towards	
2040

World	demand	is	met	
by	high	supply	from	
other	sources.

World	demand	is	met	by	
high	supply	from	other	
sources.

More	restrictive	regulatory	
environment	and	tax	
structure	not	favorable	for	
development.

Unfavorable	risk:	benefit	ratio	for	
local	communities.

Differentiating	
infrastructure,	no	
on-	or	offshore	
development

Dependant	on	administration	
and	political	environment;	
restrictive	regulation	lead	to	
low	scenario.

No	involvement	w/decision	making.
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Large increase in 
temperature (more 
than 2°C in winter) 
and precipitation; 
increased frequency 
of extreme events

Arctic Ocean mostly 
ice-free in summer; 
coastal freeze-up 
starts in  January 
along northern Alaska 
shore

At least one large 
scale environmental 
disaster occurs; major 
impacts on wildlife 
and communities

Significant expansion 
of on- and offshore 
development, new 
onshore pipeline 
connecting to Chukchi 
rigs; gas pipeline is 
built, expansion of 
roads

Enhanced oil 
recovery for existing 
reservoirs and 
significant increase 
in unconventional oil 
and gas activity

Oil prices rise to 
above $300/barrel, 
strong economic 
recovery from 
financial crisis, strong 
economic growth 
worldwide

High demand due 
to strong economic 
growth worldwide; 
increased infrastructure 
across Arctic Alaska to 
access mines and other 
extractive processes

 High demand for oil 
and gas, environmental 
restrictions in the U.S. and 
low cost of production in the 
lower 48 allows increased 
production outside Alaska; 
increased production in 
other major oil producing 
countries

Regulation highly 
coordinated and flexible; 
focus is on economic 
development; investment 
uncertainty 
reduced; ecosystem function 
and food security uncertainty 
increased.

High stability. More 
cooperation among A8 
meaning better sharing 
of best practices which 
could lead to better 
environmental outcomes 
and development.  How high 
stability affects Observers is 
uncertain - could result in 
more participation or more 
protectionism.

Broad disagreements on major issues 
influencing development; litigation 
is common; low cooperation among 
communities and community decision-
makers at various levels; could leave 
communities exposed to “buy off” 
or influence by corporate, state, 
and federal interests as well as less 
development. 

Moderate change 
in temperature (less 
than 2°C in winter) 
and precipitation

Arctic Ocean summer 
ice extent reduced by 
half; coastal freeze-up 
starts in December 
along northern Alaska 
shore

Predominantly 
small-medium scale 
environmental 
impacts offshore and 
onshore; moderate 
impacts on wildlife 
and subsistence 
activities.

Terrestrial oil and gas 
infrastructure expands 
significantly; gradual 
initiation of offshore 
development, deep-
draft port is built.

Enhanced oil 
recovery for existing 
reservoirs and 
moderate increase 
in unconventional oil 
and gas activity.

Oil prices in the 
$150-$200 range, 
worldwide oil 
production remains 
high due to new 
technologies, 
moderate switch to 
renewables

Volatile demand Moderate demand for 
oil and gas coupled with 
improvements in technology 
slows development of oil 
and gas outside Alaska.

Improved regulatory 
coordination leads to greater 
certainty; regulations remain 
protective of ecosystem 
function and food security; 
regulatory conflicts continue 
but are resolved more quickly.

Likely similar to current 
situation with general 
A8 agreement and some 
development alongside 
some environmental 
protection.  Incremental 
change in both policy areas.

Minor disagreements about a few key 
issues on development; moderate 
cooperation among communities 
represented at various levels

Small change 
in temperature 
(less than 1.5°C 
in winter) and 
precipitation

Ice conditions 
comparable to 2014; 
coastal freeze-up 
starts in October

No large-scale 
environmental 
disasters; minor 
impacts to wildlife

Continued 
incremental 
expansion of 
terrestrial oil and gas 
infrastructure; no new 
offshore development

Use of enhanced oil 
recovery for existing 
reservoirs; minimal 
activity related to 
unconventional oil 
and gas

Oil prices below $100/
barrel, worldwide 
growth remains 
sluggish, price of 
carbon reduces 
demand and increases 
renewable sources of 
energy

Low demand due to 
sluggish economic 
growth worldwide

Low demand and high 
supply of oil and gas  favors 
decreased development of 
oil and gas globally.

Few additional regulations 
implemented; some 
protections may be rolled 
back; poor regulatory 
coordination may lead to 
uncertainty and legal delays; 
effect on development 
unpredictable.

Low global political stability. 
Potential environmental 
damage from lack of 
coordination across 
countries. Development 
uncertain due to conflict. 
Agreements on goals  within 
the Arctic Council may be 
destabilized.

Broad community support 
for development; few minor 
disagreements; strong cooperation 
among community decision-makers; 
this unity would likely mean an 
agreement across the different 
components of the “community” 
in other words, native corps, tribal 
corps, city and borough governments, 
ICAS etc.. One outcome of this could 
be further ability to resist the state 
and federal governments to do 
development “in their own way”; it 
could potentially better benefit the 
local scale conditions.

O
th

er

No	factor No	factor Maintaining	
existing	North	Slope	
infrastructure,	
minimal	new	
infrastructure.

Low	price	$70-100,	
high	volatility	in	
pricing.

Alaska	development	occurs	
only	in	lower	48	and	
development	decreases.	

Regulation	in	response	to	
environmental	disaster,	
but	largely	no	change	in	
regulation	(mostly	changes	
in	response	to	administration	
policies).

Communities	not	supportive	of	
development	with	strong	local	
consensus,	or	maybe	different	views.	
Little	to	no	increase	in	jobs/revenue.	
Potential	consequences	on	subsistence	
activities.	Less	impacts	on	subsistence	
species.

Incremental	towards	
2040

World	demand	is	met	
by	high	supply	from	
other	sources.

World	demand	is	met	by	
high	supply	from	other	
sources.

More	restrictive	regulatory	
environment	and	tax	
structure	not	favorable	for	
development.

Unfavorable	risk:	benefit	ratio	for	
local	communities.

Differentiating	
infrastructure,	no	
on-	or	offshore	
development

Dependant	on	administration	
and	political	environment;	
restrictive	regulation	lead	to	
low	scenario.

No	involvement	w/decision	making.

Group�A

Group�C

Group�D

Group�F

Group�E
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Figure 78. Number	of	objects	by	group	in	the	Northwest	NPRA	-	High	Development	Scenario

Figure 79. Number	of	objects	by	group	in	the	Chukchi	Sea	-	High	Development	Scenario

Figure 80. Number	of	objects	by	group	in	the	Greater	Prudhoe	Bay	-	High	Development	Scenario

0

2

4

6

8

10

12

Group�A Group�C Group�D Group�E Group�F

N
um

be
r o

f O
bj

ec
ts

Groups

Northwest NPRA

Oil�Pipelines

Oil�Production

Roads

Northwest NPR-A

0

2

4

6

8

10

12

Group�A Group�C Group�D Group�E Group�F

N
um

be
r o

f O
bj

ec
ts

Groups

Chukchi Sea

Oil�Pipelines

Oil�Production

Shipping

Chukchi Sea

0

2

4

6

8

10

12

Group�A Group�C Group�D Group�E Group�F

Nu
m

be
r o

f O
bj

ec
ts

Groups

Greater Prudhoe Bay

Oil�Pipelines

Oil�Production

Roads

Gas�Production�&
Pipelines

Greater Prudhoe Bay

RESULTS OF NON-SPATIAL ANALySIS OF THE SCENARIOS



Prioritizing Science Needs Through Participatory Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas 

127

Figure 81. Number	of	oil	production	objects	across	all	development	scenarios

Figure 82. Number	of	oil	pipelines	across	all	development	scenarios

Figure 83. Number	of	objects	by	group-	High	Development	Scenario
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DIGITIzED VERSION OF FINAL MAPS - HIGH DEVELOPMENT SCENARIO
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DIGITIzED VERSION OF FINAL MAPS - MEDIUM DEVELOPMENT SCENARIO
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DIGITIzED VERSION OF FINAL MAPS - LOW DEVELOPMENT SCENARIO
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4�Groups�
Agree

2�Groups�
Agree

3�Groups�
Agree

Figure 87. Gas	pipeline	and	shipping	distribution	under	the	High	Development	Scenario

Figure 88. Development	point	distribution	under	the	High	Development	Scenario

2�Groups�
Agree

2�Groups�
Agree

2�Groups�
Agree

SCENARIO IDENTIFICATION RESULTS OF SPATIAL ANALyIS
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Figure 89. Oil	pipeline	distribution	under	the	High	Development	Scenario

5�Groups�
Agree

5�Groups�
Agree 4�Groups�

Agree

3�Groups�
Agree

Figure 90. Road	distribution	under	the	High	Development	Scenario
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Figure 91. Marine	Oil	Spills	-	High	Development	Scenario

Figure 92. Migratory	and	Other	Birds	-	Low	Development	Scenario

5�Groups�
Agree
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A C D E F A C D E F A C D E F A C D E F A C D E F A C D E F A C D E F A C D E F
Oil	Pipelines 3 5 2 3 2 3 1 1 2 1 2 4 2 4 4 1 1 4 1 1 1 1 1 1 2 1 2

Oil	Production 2 4 1 3 2 4 6 1 11 3 3 2 1 1 1 2 1 1 1 3 1 2 1 1
Roads 3 1 1 1 2 1 1 2 1 1 2 1 1 1 1 1

Gas	Prod	&	Pipelines 1 1 1 1 1 1 1 1 1 3 1 1 1 1
Other 1 1 3 2 1 1 1 1 1 1 1

Utilities 3 2 2 2 1 2 1 1 2 2
Shipping 4 1 1 1 1

Ports 1 1 1 1
Mining 2 1

1002	Area Beaufort	Sea Western	Arctic
Category

Northwest	NPRA Chukchi	Sea Greater	
Prudhoe	Bay

North	Slope	
Foothills

Northeast	
NPRA

A C D E F A C D E F A C D E F A C D E F A C D E F A C D E F A C D E F A C D E F
Oil	Production 2 1 3 3 1 2 11 6 2 1 1 2 2 1
Oil	Pipelines 1 2 1 9 3 1 2 1 1

Utilities 1 1 2 2 2 2 2 1
Other 1 1 1 2 1 1

Shipping 1 1 4 1
Gas	Prod	&	Pipelines 1 1 1

Mining 1 4 3
Roads 1 1 1
Ports 1 1

Western	Arctic North	Slope	
Foothills

1002	Area
Category

Northeast	NPRA Beaufort	Sea Greater	
Prudhoe	Bay

Nortwest		
NPRA

Chukchi	Sea

A C D E F A C D E F A C D E F A C D E F A C D E F A C D E F A C D E F A C D E F
Oil	Production 7 2 1 1 2

Shipping 1 1 1 1 1 1
Oil	Pipelines 1 1 1 2

Utilities 1 1 2
Other 1 2 1
Roads 1 1

Gas	Prod	&	Pipelines 1
Ports

Mining

Western	Arctic 1002	Area North	Slope	
FoothillsCategory

Northeast	
NPRA

Greater	
Prudhoe	Bay

Northwest	
NPRABeaufort	Sea Chukchi	Sea

Table 19. Region	specific	presence	absence	analysis	-	High	Development	Scenario

Table 20. Region	specific	presence	absence	analysis	-	Medium	Development	Scenario

Table 21. Region	specific	presence	absence	analysis	-	Low	Development	Scenario
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Figure 93. Level	 of	 agreement	of	Group	A’s	 spatial	 data	 in	 relation	 to	 spatial	 data	generated	by	other	 groups	 in	 the	High	Development	
Scenario

Figure 94. Level	of	agreement	of	Group	A’s	spatial	data	in	relation	to	spatial	data	generated	by	other	groups	in	the	Medium	Development	
Scenario
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Development Scenario 3-5 Groups in Agreement 2 Groups in Agreement

High

Oil Pipeline:
From Chukchi Sea to Wainwright.

From Wainwright to Nuiqsuit.
From Umiat to TAPS.
Point Thompson Area

Gas pipelines: 
From Prudhoe Bay south along TAPS pipeline

Roads:
 From Wainwright to Nuiqsuit 
From Nuiqsuit to Wainwright

Converging in Umiat
Convergiing in Barrow

Shipping Routes: 
Chukchi Sea

Oil Production: 
Chukchi Sea northwest of Wainwright

Jones Islands area
1002 Area

Shipping Routes: 
Beaufort Sea

Mining :
 Raven Basin Area east of Wevok

Ports: 
Chukchi Sea east of Webok

Medium

Oil Production: 
West of Nuiqsuit

Jones Islands areas

Oil Production: 
Point Thomson area
Badami Project Area

Shipping: 
Chukchi Sea

Roads:
 Between Umiat and TAPS

Low
No areas of agreement found for 3 or more groups 

due to low amount of sketched objects.
Shipping Routes:

Chuckchi and Beaufort Sea
Oil Production:

Near liberty project area

Table 22. Results	from	level	of	agreement	analysis	for	spatial	data	generated	by	workshop	participants

Development Scenario 3-5 Groups in Agreement 2 Groups in Agreement

High

Oil Pipeline:
Northwest NPRA

Chukchi Sea
Greater Prudhoe Bay

Oil Production:
Northwest and Northeast NPRA

Chuckchi Sea
1002 Areas

Roads:
 Northwest and Northeast NPRA

North Slope Foothills
Greater Prudhoe Bay

Shipping Routes: 
Chukchi Sea

Oil Production:
Greater�Prudhoe�Bay�
North�Slope�Foothills

Shipping Routes:
Beaufort�Sea

Mining:
Western�Arctic

Medium

Oil Production: 
West of Nuiqsuit

Jones Islands areas

Oil Production: 
Chukchi and Beaufort Seas

Shipping: 
Chukchi and Beaufort Seas

Roads:
North Slope Foothills

Mining:
Western�Arctic

Low

Shipping:
Chukchi and Beaufort Seas

Oil Production:
Northeast NPRA

Oil Production:
Greater Prudhoe Bay

Oil Pipelines:
Northeast NPRA

Greater Prudhoe Bay

Table 23. Results	from	non-spatial	level	of	agreement	analysis.
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Appendix 6: Workshop 2 documentation

Table 24. Evaluation	of	prioritized	implications	-	High	Development	Scenario

Table 25. Evaluation	of	prioritized	implications	-	Medium	Development	Scenario

Final Prioritized 
Implications Subcategories

Individual Votes
Agreements 

(overall voting)
Agreements 

(Individual Voting)
Village 

Agreements
Spatial 

Agreements

Marine Oil Spills 18 3 5 0
2, 3, 4 and 5 

groups

Hunting and Trapping (on Land) 14 2 4 0 2, 3 and 4 groups

Community Culture 11 2 4
3 groups in 2 

villages, 2 groups 
in 4 villages

N/A

Marine Mammals 14 2 3 0 2 groups

Sea Ice 6 2 2 N/A 2 groups

ESA-Listed Species 1 2 2 N/A 2 groups

Health and Safety 5 0 0
3 groups in 2 

villages, 2 groups 
in 6 villages

N/A

Hydrology 10 0 2 0 2 groups

Oil/Gas Revenue & 
Employment

8 0 0 0 0

Demographics 2 0 0 0 N/A

Permafrost 6 N/A 0 0 0

Erosion 2 0 0 N/A 0

Migratory and Other Birds 1 0 0 N/A 0

Final Prioritized 
Implications Subcategories

Individual Votes
Agreements 

(overall voting)
Agreements 

(Individual Voting)
Village 

Agreements
Spatial 

Agreements

Community Culture 15 5 5
4 groups in 5 

villages, 3 groups 
in 2 villages

N/A

Marine Oil Spills 15 4 4
2 groups in 6 

villages
2, 3 and 4 groups

ESA-Listed Species 11 4 4 N/A 2, 3 and 4 groups

State and Local Tax Revenue 11 4 4
3 groups in 7 

villages, 2 groups 
in 1 village

0

Marine Mammals 5 4 4 0 2 and 3 groups

Health and Safety 4 3 3
3 groups in 2 

villages, 2 groups 
in 4 villages

0

Permafrost 12 N/A 2
2 groups in 1 

village
2 groups

Sea Ice 9 N/A 2 N/A 2 groups

Oil/Gas Revenue & 
Employment

4 N/A 2
2 groups in 7 

villages
N/A

Erosion 8 N/A 0 N/A 0

Hunting and Trapping (on Land) 4 N/A 2 0 0
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Table 26. Evaluation	of	prioritized	implications	-	Low	Development	Scenario

Final Prioritized 
Implications Subcategories

Individual Votes
Agreements 

(overall voting)
Agreements 

(Individual Voting)
Village 

Agreements
Spatial 

Agreements

Community Culture 10 4 4

4 groups in 3 
villages, 3 groups 

in 2 villages, 
2 groups in 4 

villages

0

Health and Safety 14 N/A 3

4 groups in 4 
villages, 3 groups 

in 3 villages, 
2 groups in 3 

villages

0

State and Local Tax Revenue 8 3 3
3 groups in 6 

villages, 2 groups 
in 2 villages

0

Marine Mammals 5 4 4 0 2 groups

Decommissioning and 
Reclamation of Infrastructure

19 0 0 N/A 0

Erosion 13 N/A 2
2 groups in 6 

villages
0

Fishing 7 1 0
2 group in 2 

villages
0

Hunting and Trapping (on Land) 8 N/A 2
2 groups in 6 

villages
0

Alternative Energy Revenue & 
Employment

5 N/A 0
2 groups in 1 

village
0

Migratory and Other Birds 4 N/A 2 N/A 2 groups

Primacy of Tribal Government 3 0 0 0 0

Oil/Gas Revenue & Employment 3 N/A 0 0 0

Demographics 3 N/A 0 0 0

ESA-Listed Species 1 N/A 0 N/A 0

During the implication selection process, each participant chose the 5 most plausible individual implications, as well as the 
group that identified the most plausible combination of implications overall for each scenario. These tables summarize the 
number of agreements associated with specific implications, based on the number of votes in each implication subcategory, 
considering both on both the overall selection (“Agreements [overall voting]”) and the individual selections (“Agreements 
[individual voting]”). Please note that the Health and Safety implication category was renamed Health and Community Well-
Being during workshop 3 to better reflect the wide range of subjects it encompassed.
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Low Scenario

1. Decommissioning and Reclamation of Infrastructure
• 19 Individual votes
• Health and Safety
• 14 Individual votes
• Agreements between 4 groups in 4 villages, 3 groups 

in 3 villages, 2 groups in 3 villages
2. Community Culture

• 10 Individual votes
• Agreements between 4 groups in 3 villages, 3 groups 

in 2 villages, 2 groups in 4 villages
• Agreement between 2 groups in set of implications 

voting
3. State and Local Tax Revenue

• 8 Individual votes
• Agreements between 3 groups in 6 villages, 2 groups 

in 3 villages
• Agreement between 3 groups in set of implications 

voting
4. Marine Mammals

• 5 Individual votes
• Spatial agreements between 2 groups
• Agreement between 4 groups in set of implications 

voting

Medium Scenario

1. Marine Oil Spills
• 15 Individual votes
• Spatial agreements between 2, 3, and 4 groups
• Agreement between 4 groups in set of implications 

voting
2. Community Culture

• 15 Individual votes
• Agreements between 3 groups in 5 villages, 2 groups 

in 2 villages
• Agreement between all 5 groups in set of 

implications voting
3. ESA-Listed Species

• 11 Individual votes
• Spatial agreements between 2, 3, and 4 groups
• Agreement between 4 groups in set of implications 

voting
4. Marine Mammals

• 5 Individual votes
• Spatial agreements between 2 and 3 groups
• Agreement between 4 groups in set of implications 

voting

High Scenario

1. Marine Oil Spills
• 18 Individual votes
• Spatial agreements between 2, 3, 4 and 5 groups
• Agreement between all 3 groups that had the 

highest number of votes for set of implications
2. Hunting and Trapping (on Land)

• 14 Individual votes
• Spatial agreements between 2, 3, and 4 groups
• Agreement between 2 groups that had the highest 

number of votes for set of implications
3. Community Culture

• 11 Individual votes
• Agreements between 3 groups in 2 villages, 2 groups 

in 4 villages
• Agreement between 2 groups that had the highest 

number of votes for set of implications

PRIORITIzATION OF SCENARIO IMPLICATIONS: FINAL TALLy PER SCENARIO
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Figure 95. Final	sketches	of	development	features,	implications	and	related	triggers	per	scenario	-	High	Development	Scenario

The following images present the highest ranking scenarios based on participants votes at the conclusion of Workshop 2. These 
are the original maps produced by participants. For the High Development Scenario there was a tie amongst the three groups 
presented and all three maps are shown here.  

HIGH DEVELOPMENT SCENARIO - GROUP C

HIGH DEVELOPMENT SCENARIO - GROUP D
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MEDIUM DEVELOPMENT SCENARIO - GROUP D

Figure 96. Final	sketches	of	development	features,	implications	and	related	triggers	per	scenario	-	Medium	Development	Scenario

HIGH DEVELOPMENT SCENARIO - GROUP E

(continuation)	Figure	95.	Final	sketches	of	development	features,	implications	and	related	triggers	per	scenario	-	High	Development	Scenario
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LOW DEVELOPMENT SCENARIO - GROUP C

Figure 97. Final	sketches	of	development	features,	implications	and	related	triggers	per	scenario	-	Low	Development	Scenario
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Fact sheet: Decommissioning and Reclamation of Infrastructure

Locating and extracting oil in the 
northernmost region of the United 
States has been a venture that has 
required a buildup of approximately 
$53 billion dollars’1 worth of oil and 
resource extraction infrastructure. 
This infrastructure includes well sites, 
hundreds of miles of pipeline, roads and 
airstrips and numerous production and 
living facilities.   

Under the Low Development Scenario, 
there is no expansion of oil and gas 
infrastructure. Development is contained 
to the same extent of current features. 
Mostly located on the State lands, 
workshop participants delineated an 
implication area that surrounds the 
existing Trans Alaska Pipeline and the 
existing infrastructure found in Prudhoe 
Bay.

The existing infrastructure consists of the 
following:
• 460 oil resource extraction 

structures (production pads, 
gravel islands, gravel airstrips, 
gravel helipads, bridges, and living 
facilities)

• 6,215 wells
• 1,138 miles of roads
• 901 miles of pipeline
• a combined footprint of 18,454 

acres2

Sources:
A� Synthesis� of� Existing,� Planned,� � and�
Proposed� Infrastructure� and� Operations�
Supporting� Oil� and� Gas� Activities� and�
Commercial� Transportation� in� Arctic� Alaska�
(UAF,�2014).�

1 Report to Congressional Request, 
Requirements for Restoring Lands after Oil 
Production Cease (GAO, 2002).
2 Footprint refers to the total acreage covered 
by infrastructure and excludes any acres disturbed 
by exploration activities.

Implication	 areas	 for	 decommissioning	 and	 reclamation	 of	 infrastructure	 -	 Low	
Development	Scenario

Data	Sources:	
•� Infrastructure�Database�(Alaska�Center�for�the�Environment,�2003).

•� Trans�Alaska�Pipeline,�Aleyska�Pipeline�(2014).

Appendix 7: Workshop 3 documentation
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Fact sheet: Trapping and Hunting(On Land)

The continued existence and vitality of 
animal resources on the North Slope 
is key to a successful hunt. Polar bear 
denning areas, caribou habitat extent, 
and areas of high geese population were 
examined through this spatial analysis.

Employing participant workshop data 
and habitat and subsistence use data 
from various sources, it was possible 
to dimension the extent of implications 
on the various species habitats and 
subsistence use areas. 

The overlay analysis demonstrated 
that a High Development Scenario 
would have widespread effects on all 
three species.   In addition, according 
to the implication areas delineated by 
workshop participants, subsistence 
areas were more likely to be affected 
under a High Development Scenario, 
due to the pipeline and road extensions 
to the Chukchi Sea. 

The findings also reveal less extensive  
implications for species habitats and 
subsistence areas across both Medium 
and Low Development Scenarios.

Data	Sources:	
•� Geese�Population�Data�and�the�Arctic�Plain�Survey�(USFWS,�2009-2012).

•� Teshekpuk� and� Central� Caribou� Herd� Data� and� the� Rapid� Ecological� Assessment�
North�Slope�(BLM,�2014).

•� Major�Polar�Bear�Denning�Areas,�Coastal�and�Ocean�Zones�Strategic�Assessment�Data�
(NOAA,�1988)

•� Combined�Subsistence�Areas�(Pedersen,�1979),�10�year�combined�Subsistence�Use�
Area�(BOEM,�2007).

Implication	areas	for	trapping	and	hunting	(on	land)	-	High	Development	Scenario

Areas	of	species	habitat	and	subsistence	subject	to	hunting	and	trapping	 implications	-	
High	Development	Scenario
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Fact sheet: Erosion

With some of the highest erosion rates 
in the United States, the North Slope 
faces numerous implications resulting 
from coastal erosion. In anticipation of 
the demand for an accurate and reliable 
method for coastal erosion monitoring, 
the USGS has developed an end point 
rate method for measuring coastal 
erosion in the North Slope. 

The end point rate method uses GIS 
to create transects at approximately 
every 50 meters along the coastline to 
measure shoreline movement from the 
1940’s to the 2000’s.  In a 50-year span, 
some locations have seen shoreline 
erosion rates of 18 meters a year.

An analysis of participant identified 
scenario feature data and USGS transect 
data demonstrated that the average 
erosion rates within 0.5 kilometers of 
near shore development leases in the 
High Development Scenario were 0.79 
meters per year in sheltered coastlines 
and 2.09 meters per year in exposed 
coastlines. Furthermore, the maximum 
rate of erosion in the High Development 
Scenario for exposed coastlines within 
a 0.5 kilometer radius of the near shore 
leases was 13.73 meters per year.  

In the Medium Development Scenario, 
the highest average erosion rates in 
proximity to near shore lease sites, 
were 0.79 meters per year for sheltered 
coastlines and 1.89 meters per year 
for exposed shorelines. The maximum 
erosion rates of the areas 0.5 kilometers 
away from the near shore lease sites 
in the Medium Development Scenario 
were 13.73 meters per year. .  

Implication	Area	for	Erosion	(High	Development	Scenario)

Data	Sources:
•� Historical�Shoreline�Change�Report�(Shoreline�Data�from�1940’s�and�2000’s)�(USGS).

Erosion	Rates	within	0.5	Kilometers	of	Development	Features	-	High	Development	Scenario

Erosion	 Rates	 within	 0.5	 Kilometers	 of	 Development	 Features	 -	Medium	 Development	
Scenario
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Fact sheet: Permafrost

Permafrost is a geological feature unique 
to regions with extended periods of 
temperatures below freezing. The 
active layer above the permafrost is of 
particular concern to many stakeholders 
as its thawing can have widespread 
implications on habitats, hydrology and 
infrastructure stability.   

Using the implication areas identified 
by previous workshop participants, data 
from the permafrost characterization 
database, and the UAF’s thermokarst 
predisposition model, it was possible 
to examine the type of thermokarst 
formation that could occur in the 
implication areas of each development 
scenario and the predisposition of the 
landscape in these areas to thermokarst 
formation.  

Under a High Development Scenario, 
37% of the landscape within the 
implication area has the potential to form 
a thermokarst landform, characterized 
by shallow lakes, drained-lake basins, 
pits and troughs. The maximum potential 
thaw depth of the permafrost active layer 
was most commonly found in the High 
Development Scenario of 2-5 meters. 
Lastly, 57% of the total implication area 
had 80% or greater predisposition to 
thermokarst formation. 

Under a Medium Development Scenario, 
40% of the landscapes within the 
implication areas have the potential 
to form a thermokarst landform. In 
addition, the most common maximum 
potential thaw settlement depth within 
the implication area was 0.5-2 meters. 
Lastly, 54% of the landscape has an 80% 
or greater predisposition to thermokarst 
formation under this scenario.

Implication	Area	for	Permafrost	(High	Development	Scenario)

Types	 of	 Thermokarst	 Landforms	 Found	 in	 Implication	 Areas	 Under	 Each	 Development	
Scenario

Data	Sources:	
•� Permafrost� Database� Development� and� the� Characterization� and� Mapping� for�

Northern�Alaska,�NSSI�Data�Catalog�(ALCC,�2005).

•� Thermokarst�Dynamics�in�Alaska�Ecosystems:�Description�of�the�Predisposition�and�
Initiation/Expansion�Modules�(USGS/UAF,�ACSCA,�NBLCC,�2014).
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Fact sheet: ESA Listed Species

The Endangered Species Act was enacted 
to protect and conserve the ecosystems 
of species that are considered 
“threatened” or “endangered”.  This 
may include the designation of critical 
habitat, as is the case with the spectacled 
eider. The spectacled eider is the only 
species on the North Slope with federally 
protected critical habitat. The habitats of 
other ESA-listed species were examined, 
such as the major denning areas for polar 
bears, bowhead whale migration routes 
and the habitat extent of the spectacled 
eider and Steller’s eider.

By intersecting data from the Audubon 
Society and NOAA, with the input 
of participants from the previous 
workshops, the implications on ESA 
species have been explored across all 
three development scenarios. The extent 
of areas with potential implications on 
polar bear denning habitat were less 
extensive under all three development 
scenarios.  However,  a quarter of the 
denning habitat is affected under the 
High and Medium Scenarios.

The bowhead whale spring and fall 
migration areas were the most likely 
impacted across the High, Medium and 
Low Development Scenarios.

It is important to note that the whole 
extent of the ESA designated critical 
habitat areas falls within participant 
defined implication areas in all three 
development scenarios.  

Lastly, spectacled and Steller’s eider 
nesting areas are most likely to face 
implications in the High and Medium 
Development Scenarios.

Implication	Area	for	ESA-Listed	Species	(High	Development	Scenario)

Areas	of	Species	Habitat	Subject	to	ESA	Species	Implications

Data	Sources:	
•� Environmental�Sensitivity�Index�(ESI)�Shoreline�and�Habitat�Database�(NOAA,�2005).

•� Bowhead�Whale�Migration�(Audubon�Alaska,�2009).

•� Major�Polar�Bear�Maternal�Denning�Areas�and�Coastal�and�Oceans�Zones�Strategic�
Assessment�Data�(NOAA,�1988).
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Damaging to both the abiotic and biotic 
components of an ecosystem, a marine 
oil spill can have critical short-term and 
long-term implications for both animals 
and humans. In the North Slope, the 
diversity of animal species and the 
reliance of the local communities on 
subsistence hunting make the area 
especially vulnerable should a marine oil 
spill scenario take place in the region. 

Using NOAA’s ESI dataset, a spatial 
database that provides a robust 
assessment of natural resources in the 
North Slope, and the spatial marine 
oil spill implication data created by 
previous workshop participants, a spatial 
overlay analysis identified animal groups 
that would face the most significant 
implications resulting from a marine oil 
spill. 

A spatial analysis indicated that across 
the three development scenarios, the 
bowhead whale’s habitat is the most 
likely to be affected by implications under 
both the High and Medium Development 
Scenarios. 39% of their total habitat 
extent would be within the implication 
area in the High Development Scenario 
and 59% percent of their habitat would 
be affected by the Medium Development 
Scenario.

In addition, by using NOAA’s ESI Shoreline 
Sensitivity database it was possible to 
determine the sensitivity to oil spills off 
the coastlines of both the Chukchi and 
Beaufort Seas. The highest shoreline 
sensitivity in both development 
scenarios is found along the coastline of 
the Beaufort Sea, especially in the region 
close to Teshekpuk Lake.

Lastly, the 12-year average for landfast 
ice extent for the month of February 
was used in order to demonstrate the 
most likely landfast ice extent that is 
possible along the coastline.  Landfast 
ice presence could complicate a marine 
oil spill response.

Implication	Area	for	Marine	Oil	Spill	(High	Development	Scenario)

Fact sheet: Marine Oil Spills

Data	Sources:	
•� Environmental�Sensitivity�Index�(ESI)�Shoreline�and�Habitat�Database�(NOAA,�2005).

•� Species�and�Coastline�Database

•� Bowhead�Whale�Migration�(Audubon�Alaska,�2009)

•� Monthly�Average�Landfast�Ice�(UAF,�1996-2008)

Area	of	Animal	Habitats	Subject	to	Marine	Oil	Spill	Implications



Prioritizing Science Needs Through Participatory Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas 

150

Fact sheet: Hydrology

Data	Sources:	
•� National�Hydrography�Dataset�(USGS).

•� Watershed�Boudndary�(USGS).

Participants in Workshop 2 highlighted 
broad areas where implications related 
to hydrology are expected to occur under 
the High Scenario. These implications 
are primarily associated with projected 
road and pipeline infrastructure which 
could be put in place under this energy 
and resource development scenario.

In order to evaluate the implications 
geographically, the outlined implication 
areas were compared against each 
major watershed in the study area in 
order to calculate the total potential 
area affected. Specifically, the Ikpikpuk 
River, Harrison Bay, and Meade River 
watersheds had the greatest total area 
covered by the identified hydrological 
implications. The potential pipeline and 
roads through the NPRA were the focus 
of these implications.

Additional analysis was performed 
to assess the total number of road 
crossings over streams. The hydrologic 
network from the National Hydrography 
Dataset was partitioned into small and 
large streams as part of the North Slope 
REA project, and the overlap of these 
waterways with potential roads was 
evaluated for both the High and Medium 
Development Scenarios. A total of 47 
large stream crossings could be required 
under the High Scenario, while only 
small stream crossings would needed 
under the Medium Scenario. Many small 
water bodies also exist in close proximity 
to the potential road alignments, with 
nearly 500 located less than 100 meters 
from roads under the High Scenario.

The artificial constrictions created 
by projected road crossings have the 
potential to alter the velocity of flow 
along the affected rivers, as well as 
increasing seasonal flood potential. 
Also, the roads themselves represent 
barriers to runoff, which could alter the 
hydrologic regime across the NPRA and 
near new developments east of Prudhoe 
Bay.

Implication	Area	for	Hydrology	(High	Development	Scenario)

Watershed	Areas
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Fact sheet: Marine Mammals Subsistence

Data	Sources:	
•� Major�Polar�Bear�Maternal�Denning�Areas�and�Coastal�and�Oceans�Zones�Strategic�

Assessment�Data�(NOAA,�1988).

•� Bowhead�Whale/Pacific�Walrus:�Arctic�Marine�Synthesis�(Audubon�Alaska,�2010).

•� Ice�Seals:�Polar�Ecosystems�Program�(NMFS,�2010�and�2013).

•� Combined�Subsistence�Areas�(Pedersen,�1979).

•� 10�year�combined�Subsistence�Use�Area�(BOEM,�2007).

Both the Medium and High Development 
Scenarios are expected to have 
implications on the marine mammals in 
the Chukchi and Beaufort Seas. Several 
species have broad habitat ranges within 
the study region, specifically bowhead 
whales, polar bears, and various types of 
pinnipeds.

Due to the seasonality of bowhead 
whale migrations, the level of intensity of 
potential implications varies throughout 
the year. In the fall migration area, there 
are 8 OCS and other offshore oil and 
gas leases under the High Scenario, and 
5 leases under the Medium Scenario. 
Exploration and extraction activities 
associated with these leases have the 
potential to disrupt migration patterns1.  
Due to the large extent of their habitats, 
pinnipeds face the most implications 
associated with shipping lanes sketched 
by participants in Workshop 1, in both 
the High and Medium Scenarios. 

Additional implications for bowhead 
whales could occur due to pipeline 
construction and shipping activities 
during their migration seasons. Shipping 
lanes sketched in Workshop 1 traverse 
between 550 and 950 km of the fall and 
spring migration areas, in both the High 
and Medium Development Scenarios.   
The greatest implications associated 
with offshore pipelines are expected 
within the fall migration zone, under 
the High Development Scenario, due to 
more extensive oil and gas activity in the 
Chukchi Sea.

1 Endangered Species Act - Section 7 
Consultation, P. 88.
Mineral Management Service, National Marine 
Fisheries Service, 2008

Implication	Area	for	Marine	Mammals	(High	Development	Scenario)

Development	Feature	Implications	on	Subsistence	Areas	and	Animal	Species	Habitats
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Appendix 8: Data Catalog

Data Source Year Description

Resource 
Extraction

BASE_GeneralLandstatus_
DNR_2010

ADNR, BLM, USFW, 
NPS, NFP, ADFG

2010
This feature class contains combined federal 
and state land ownership records at the PLSS 
section level for the State of Alaska.

BASE_VillageBoundaries_NSB_2013
NSB Department 
of Planning and 
Community services

2013
A polygon feature layer representing the 
village boundaries of the North Slope Borough.

BASE_NorthSlopeBoundary_
BLM_2013

Alaska Department 
of Community and 
Regional Affairs, Kenair 
Peninsula Borough, 
BLM, Municipality of 
Anchorage

2013
A polygon feature layer of the geographical 
extent and location of the North Slope 
Borough in Alaska.

BASE_NS_OilGasSaleBoundaries_
DNR_2008

Alaska Department of 
Natural Resources 

2008

Polygon feature representing oil, gas, shallow 
natural gas, geothermal, and exploration 
license lease boundaries in the North Slope 
that are administered by the state of Alaska.

BASE_NS_OilGasSaleTracts_
DNR_2008

Alaska Department of 
Natural Resources

2008

Polygon feature representing oil, gas, shallow 
natural gas, geothermal, and exploration 
license lease tracts in the North Slope that are 
administered by the state of Alaska.

BASE_BeaufortSeaSaleBoundaries_
DNR_2008

Alaska Department of 
Natural Resources

2008

Polygon feature representing oil, gas, shallow 
natural gas, geothermal, and exploration 
license lease boundaries in the Beaufort Sea 
that are administered by the state of Alaska.

BASE_BeaufortSeaSaleBoundaries_
DNR_2008

Alaska Department of 
Natural Resources

2008

Polygon feature representing oil, gas, shallow 
natural gas, geothermal, and exploration 
license lease tracts in the Beaufort Sea that are 
administered by the state of Alaska.

BASE_
NorthSlopeFootHillBoundaries_
DNR_2008

Alaska Department of 
Natural Resources

2008

Polygon feature representing oil, gas, shallow 
natural gas, geothermal, and exploration 
license lease boundaries in the North Slope 
Foothills that are administered by the state of 
Alaska.

BASE_NorthSlopeFootHillTracts_
DNR_2008

Alaska Department of 
Natural Resources

2008

Polygon feature representing oil, gas, shallow 
natural gas, geothermal, and exploration 
license lease boundaries in the North Slope 
Foothills that are administered by the state of 
Alaska.

BASE_OCSFederalLeases_
BOEM_2013

Bureau of Ocean 
Energy Management 
(BOEM)

2013
Polygon features representing the extent of 
federally administered outer continental shelf 
oil and gas development leases.

BASE_OCSHistoricalFedLeases_
BOEM_2013

Bureau of Ocean 
Energy Management 
(BOEM)

2013

Polygon features representing the historical 
extent of federally administered outer 
continental shelf oil and gas development 
leases.

BASE_OCSActiveLeases_
BOEM_2013

Bureau of Ocean 
Energy Management 
(BOEM)

2013
Polygon features representing active 
exploration and extraction.
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Data Source Year Description

Resource 
Extraction 
(cont.)

BASE_OCSPlanningAreas_
BOEM_2013

Bureau of Ocean 
Energy Management 
(BOEM)

2013
Polygon features delineating the boundary of 
the federally administered outer continental 
shelf areas in Alaska.

BASE_NPRABoundary_BLM_2013
Bureau of Land 
Management 
(BLM)

2013
Polygon features showcasing the extent of 
the federally administered boundaries of the 
National Petroleum Reserve in Alaska.

BASE_NPRATracts_BLM_2013
Bureau of Land 
Management 
(BLM)

2013
Polygon features showcasing the extent of the 
tract  boundaries of the National Petroleum 
Reserve in Alaska.

BASE_NPRATracts_BLM_2014
Bureau of Land 
Management 
(BLM)

2014
Polygon features showcasing the extent of the 
tract  boundaries of the National Petroleum 
Reserve in Alaska.

BASE_
NativeCorpLandVillBoundaries_BLM 
_2013

Bureau of Land 
Management 
(BLM)

2013
Polygon features representing land in the 
North Slope region owned by the Arctic Slope 
Regional Corporation and North Slope villages.

BASE_GeneralAdminParcels_2006
ADNR, BLM, USFW, 
NPS, NFP, ADFG

2006
This data contains administrative large 
parcel boundaries for both state and federal 
government within Alaska.

Subsistence 
Areas

BASE_ 10yearcombinessubs_
BOEM_2007

Bureau of Ocean 
Energy Management 
(BOEM)

2007

A polygon feature layer that provides 
delineates the spatial extent of subsistence 
use areas for the communities of Barrow, 
Nuiqusut, and Kaktovik.

BASE_ SubsistenceNorthSlope_
BLM_1979

Bureau of Land 
Management 
(BLM)

1979

A comprehensive assessment of subsistence 
use areas, with the spatial extent of 
subsistence use areas broken down by animal 
species. The subsistence data set covers the 8 
largest communities in the North Slope.

BASE_BWhaleHuntAreas_AA_2010 Audubon Alaska 2010

A polygon feature layer, the data set 
represents the spatial location as well as extent 
of  whaling communities in the study area for 
the spring and fall hunting seasons.

Scenario 
Process Data 
Products / 
Workshop 1

BASE_
HighDevelopmentLineFeatures_
GA_2014

GeoAdaptive, LLC 2014

This data set contains all the line 
features (pipelines, gas and oil pipelines, 
telecommunication and electrical lines and 
shipping lanes) drawn by participants from 5 
groups during workshop 1. These represent 
the development features identified for the 
High Development Scenario.

BASE_MediumLineFeatures_
GA_2014

GeoAdaptive, LLC 2014

This data set contains all the line 
features (pipelines, gas and oil pipelines, 
telecommunication and electrical lines and 
shipping lanes) drawn by participants from 5 
groups during workshop 1. These represent 
the development features identified for the 
Medium Development Scenario.

BASE_LowLineFeatures_GA_2014 GeoAdaptive, LLC 2014

This data set contains all the line 
features (pipelines, gas and oil pipelines, 
telecommunication and electrical lines and 
shipping lanes) drawn by participants from 5 
groups during workshop 1. These represent 
the development features identified for the 
Low Development Scenario.
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Data Source Year Description

Scenario 
Process Data 
Products / 
Workshop 1

BASE_HighPointFeatures_GA_2014 GeoAdaptive, LLC 2014

This data set contains all the point features 
(camps, coal and mineral extraction sites, 
drilling platform and pads, electric power 
stations, fishing grounds, gas to liquid plants, 
gravel pads, landing strips, ports, pump 
stations, support bases and wind turbines) 
drawn by participants from 5 groups during 
workshop 1. These represent the development 
features identified for the High Development 
Scenario. 

BASE_MediumPointFeatures_
GA_2014

GeoAdaptive, LLC 2014

This data set contains all the point features 
(camps, coal and mineral extraction sites, 
drilling platform and pads, electric power 
stations, fishing grounds, gas to liquid plants, 
gravel pads, landing strips, ports, pump 
stations, support bases and wind turbines) 
drawn by participants from 5 groups during 
workshop 1. These represent the development 
features identified for the Medium 
Development Scenario. 

BASE_LowPointFeatures_GA_2014 GeoAdaptive, LLC 2014

This data set contains all the point features 
(camps, coal and mineral extraction sites, 
drilling platform and pads, electric power 
stations, fishing grounds, gas to liquid plants, 
gravel pads, landing strips, ports, pump 
stations, support bases and wind turbines) 
drawn by participants from 5 groups during 
workshop 1. These represent the development 
features identified for the Low Development 
Scenario. 

BASE_HighPolygonFeatures_
GA_2014

GeoAdaptive, LLC 2014

This data set contains all the polygon 
features (oil and gas units and coal mining 
development) drawn by participants from 5 
groups during workshop 1. These represent 
the development features identified for the 
High Development Scenario. 

BASE_MediumPolygonFeatures_
GA_2014

GeoAdaptive, LLC 2014

This data set contains all the polygon 
features (oil and gas units and coal mining 
development) drawn by participants from 5 
groups during workshop 1. These represent 
the development features identified for the 
Medium Development Scenario. 

BASE_LowPolygonFeatures_
GA_2014

GeoAdaptive, LLC 2014

This data set contains all the polygon 
features (oil and gas units and coal mining 
development) drawn by participants from 5 
groups during workshop 1. These represent 
the development features identified for the 
Low Development Scenario. 

BASE_RectifiedGroupA_HighLines_
GA_2014

GeoAdaptive, LLC 2014

Rectified version of the High Development 
Scenario linework digitized from the 
mapping exercises in Workshop 1.  Alignment 
of features was adjusted based on 
available project documents for identified 
developments.
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Data Source Year Description

Scenario 
Process Data 
Products / 
Workshop 1

BASE_RectifiedGroupA_HighPoints_
GA_2014

GeoAdaptive, LLC 2014

Rectified version of the High development 
scenario point data digitized from the 
mapping exercises in Workshop 1.  Alignment 
of features was adjusted based on 
available project documents for identified 
developments.

BASE_RectifiedGroupA_
HighPolygons_GA_2014

GeoAdaptive, LLC 2014

Rectified version of the High development 
scenario polygon data digitized from 
the mapping exercises in Workshop 1.  
Alignment of features was adjusted based 
on available project documents for identified 
developments.

BASE_RectifiedGroupA_
MediumLines_GA_2014

GeoAdaptive, LLC 2014

Rectified version of the Medium 
Development Scenario linework digitized 
from the mapping exercises in Workshop 1.  
Alignment of features was adjusted based 
on available project documents for identified 
developments.

BASE_RectifiedGroupA_
MediumPoints_GA_2014

GeoAdaptive, LLC 2014

Rectified version of the Medium development 
scenario point data digitized from the 
mapping exercises in Workshop 1.  Alignment 
of features was adjusted based on 
available project documents for identified 
developments.

BASE_RectifiedGroupA_
MediumPolygons_GA_2014

GeoAdaptive, LLC 2014

Rectified version of the Medium development 
scenario polygon data digitized from 
the mapping exercises in Workshop 1.  
Alignment of features was adjusted based 
on available project documents for identified 
developments.

Scenario 
Process Data 
Products / 
Workshop 2

BASE_High_ErosionImplication_
GA_2014

GeoAdaptive, LLC 2014

A polygon data set (drawn by workshop 
participants) representing the spatial extent 
of implication areas concerning erosion 
that would likely take place given a High 
Development Scenario.

BASE_High_
ESAListedSpeciesImplication_
GA_2014

GeoAdaptive, LLC 2014

A polygon data set (drawn by workshop 
participants) representing the spatial extent of 
implication areas concerning ESA-listed species 
that would likely take place given a High 
Development Scenario.

BASE_High_
HuntingandTrappingImplication_
GA_2014

GeoAdaptive, LLC 2014

A polygon data set (drawn by workshop 
participants) representing the spatial extent 
of implication areas concerning hunting and 
trapping activities that would likely take place 
given a High Development Scenario. 

BASE_High_HydrologyImplication_
GA_2014

GeoAdaptive, LLC 2014

A polygon data set (drawn by workshop 
participants) representing the spatial extent 
of implication areas concerning the regional 
hydrology that would likely take place given a 
High Development Scenario. 

BASE_High_
MarineMammalsImplication_
GA_2014

GeoAdaptive, LLC 2014

A polygon data set (drawn by workshop 
participants) representing the spatial extent of 
implication areas concerning marine mammals 
that would likely take place given a High 
Development Scenario. 
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Data Source Year Description

Scenario 
Process Data 
Products / 
Workshop 2

BASE_High_MigratoryBirds_
GA_2014

GeoAdaptive, LLC 2014

A polygon data set (drawn by workshop 
participants) representing the spatial extent 
of implication areas concerning migratory 
birds that would likely take place given a High 
Development Scenario. 

BASE_High_MarineOilSpill_
GA_2014

GeoAdaptive, LLC 2014

A polygon data set (drawn by workshop 
participants) representing the spatial extent 
of implication areas concerning marine oil 
spills that would likely take place given a High 
Development Scenario. 

BASE_High_OilGasRevenue_
GA_2014

GeoAdaptive, LLC 2014

A polygon data set (drawn by workshop 
participants) representing the spatial extent 
of implication areas concerning oil and gas 
activities that would likely take place given a 
High Development Scenario. 

BASE_High_Permafrost_GA_2014 GeoAdaptive, LLC 2014

A polygon data set (drawn by workshop 
participants) representing the spatial extent 
of implication areas concerning permafrost 
that would likely take place given a High 
Development Scenario. 

BASE__High_SeaIce_GA_2014 GeoAdaptive, LLC 2014

A polygon data set (drawn by workshop 
participants) representing the spatial extent 
of implication areas concerning sea ice 
that would likely take place given a High 
Development Scenario. 

BASE_Medium_Erosion_GA_2014 GeoAdaptive, LLC 2014

A polygon data set (drawn by workshop 
participants) representing the spatial extent 
of implication areas concerning erosion 
that would likely take place given a Medium 
Development Scenario. 

BASE_Medium_ESAListedSpecies_
GA_2014

GeoAdaptive, LLC 2014

A polygon data set (drawn by workshop 
participants) representing the spatial extent 
of implication areas concerning ESA-listed 
that would likely take place given a Medium 
Development Scenario. 

BASE_Medium_HealthSafety_
GA_2014

GeoAdaptive, LLC 2014

A polygon data set (drawn by workshop 
participants) representing the spatial extent of 
implication areas concerning health and safety 
that would likely take place given a Medium 
Development Scenario. 

BASE_Medium_HuntingTrapping_
GA_2014

GeoAdaptive, LLC 2014

A polygon data set (drawn by workshop 
participants) representing the spatial extent 
of implication areas concerning hunting and 
trapping activities that would likely take place 
given a Medium Development Scenario. 

BASE_Medium_MarineMammals_
GA_2014

GeoAdaptive, LLC 2014

A polygon data set (drawn by workshop 
participants) representing the spatial extent of 
implication areas concerning marine mammals 
that would likely take place given a Medium 
Development Scenario. 

BASE_Medium_MarineOilSpill_
GA_2014

GeoAdaptive, LLC 2014

A polygon data set (drawn by workshop 
participants) representing the spatial extent of 
implication areas concerning marine oil spills 
that would likely take place given a Medium 
Development Scenario. 
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Data Source Year Description

Scenario 
Process Data 
Products / 
Workshop 2

BASE_Medium_Permafrost_
GA_2014

GeoAdaptive, LLC 2014

A polygon data set (drawn by workshop 
participants) representing the spatial extent 
of implication areas concerning permafrost 
that would likely take place given a Medium 
Development Scenario. 

BASE_Medium_StateLocalTaxes_
GA_2014

GeoAdaptive, LLC 2014

A polygon data set (drawn by workshop 
participants) representing the spatial extent 
of implication areas concerning state and 
local taxes that would likely take place given a 
Medium Development Scenario. 

BASE_Medium_SeaIce_GA_2014 GeoAdaptive, LLC 2014

A polygon data set (drawn by workshop 
participants) representing the spatial extent 
of implication areas concerning sea ice that 
would likely take place given a Medium 
Development Scenario. 

BASE_Low_DecoReclaIinfra_
GA_2014

GeoAdaptive, LLC 2014

A polygon data set (drawn by workshop 
participants) representing the spatial 
extent of implication areas concerning 
the decommissioning and reclamation of 
infrastructure that would likely take place 
given a Low Development Scenario. 

BASE_Low_Erosion_GA_2014 GeoAdaptive, LLC 2014

A polygon data set (drawn by workshop 
participants) representing the spatial extent 
of implication areas concerning erosion 
that would likely take place given a Low 
Development Scenario. 

BASE_Low_ESAListedSpecies_
GA_2014

GeoAdaptive, LLC 2014

A polygon data set (drawn by workshop 
participants) representing the spatial extent of 
implication areas concerning ESA-listed species 
that would likely take place given a Low 
Development Scenario. 

BASE_Low_Fishing_GA_2014 GeoAdaptive, LLC 2014

A polygon data set (drawn by workshop 
participants) representing the spatial extent 
of implication areas concerning subsistence 
fishing that would likely take place given a Low 
Development Scenario. 

BASE_Low_MarineMammals_
GA_2014

GeoAdaptive, LLC 2014

A polygon data set (drawn by workshop 
participants) representing the spatial extent of 
implication areas concerning marine mammals 
that would likely take place given a Low 
Development Scenario. 

BASE_Low_HuntingTrapping_
GA_2014

GeoAdaptive, LLC 2014

A polygon data set (drawn by workshop 
participants) representing the spatial extent 
of implication areas concerning hunting and 
trapping activities that would likely take place 
given a Low Development Scenario. 

BASE_Low_MigratoryBirds_
GA_2014

GeoAdaptive, LLC 2014

A polygon data set (drawn by workshop 
participants) representing the spatial extent 
of implication areas concerning migratory 
birds that would likely take place given a Low 
Development Scenario. 

BASE_Low_StateLocalTax_GA_2014 GeoAdaptive, LLC 2014

A polygon data set (drawn by workshop 
participants) representing the spatial extent 
of implication areas concerning state and local 
taxes that would likely take place given a Low 
Development Scenario. 
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Data Source Year Description

Scenario 
Process Data 
Products / 
Workshop 3

BASE_High_C_RM_Erosion_
GA_2014

GeoAdaptive, LLC 2014

A polygon data set representing  where 
participants identified current research and 
monitoring efforts concerning erosion given a 
High Development Scenario.

BASE_High_C_RM_ESA Species_
GA_2014

GeoAdaptive, LLC 2014

A polygon data set representing  where 
participants identified current research and 
monitoring efforts concerning ESA-listed 
species given a High Development Scenario.

BASE_High_C_RM_Hydrology_
GA_2014

GeoAdaptive, LLC 2014

A polygon data set representing  where 
participants identified current research 
and monitoring efforts concerning regional 
hydrology given a High Development Scenario.

BASE_High_C_RM_
MarineMammals_GA_2014

GeoAdaptive, LLC 2014

A polygon data set representing  where 
participants identified current research 
and monitoring efforts concerning marine 
mammals given a High Development Scenario.

BASE_High_C_RM_MarineOilSpill_
GA_2014

GeoAdaptive, LLC 2014

A polygon data set representing  where 
participants identified current research and 
monitoring efforts concerning marine oil spills 
given a High Development Scenario.

BASE_Medium_C_RM_Erosion_
GA_2014

GeoAdaptive, LLC 2014

A polygon data set representing  where 
participants identified current research and 
monitoring efforts concerning erosion given a 
Medium Development Scenario.

BASE_Medium_C_RM_ESASpecies_
GA_2014

GeoAdaptive, LLC 2014

A polygon data set representing  where 
participants identified current research and 
monitoring efforts concerning ESA-listed 
species given a Medium Development 
Scenario.

BASE_Medium_C_RM_
MarineOilSpill_GA_2014

GeoAdaptive, LLC 2014

A polygon data set representing  where 
participants identified current research and 
monitoring efforts concerning marine oil spills 
given a Medium Development Scenario.

BASE_Low_C_RM_DecoReclaInfra_
GA_2014

GeoAdaptive, LLC 2014

A polygon data set representing  where 
participants identified current research 
and monitoring efforts concerning the 
decommissioning and reclamation of 
infrastructure given a Low Development 
Scenario.

BASE_Low_C_RM_Erosion_
GA_2014

GeoAdaptive, LLC 2014

A polygon feature data set representative of  
where participants  identified current research 
and monitoring efforts for erosion given a Low 
Development Scenario.

BASE_Low_C_RM_Hydrology_
GA_2014

GeoAdaptive, LLC 2014

A polygon feature data set representative of  
where participants  identified current research 
and monitoring efforts for regional hydrology 
given a Low Development Scenario.

BASE_Low_C_RM_MarineOilSpill_
GA_2014

GeoAdaptive, LLC 2014

A polygon feature data set representative of  
where participants  identified current research 
and monitoring efforts for marine oil spills 
given a Low Development Scenario.
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Data Source Year Description

Scenario 
Process Data 
Products / 
Workshop 3

BASE_High_F_RM_Erosion_
GA_2014

GeoAdaptive, LLC 2014

A polygon feature data set representative of  
where participants recommend that future 
research and monitoring efforts should be 
focused for erosion, given a High Development 
Scenario.

BASE_High_F_RM_ESASpecies_
GA_2014

GeoAdaptive, LLC 2014

A polygon feature data set representative of  
where participants recommend that future 
research and monitoring efforts should be 
focused for ESA-listed species, given a High 
Development Scenario.

BASE_High_F_RM_MarineOilSpill_
GA_2014

GeoAdaptive, LLC 2014

A polygon feature data set representative of  
where participants recommend that future 
research and monitoring efforts should be 
focused for marine oil spills, given a High 
Development Scenario.

BASE_Medium_F_RM_Erosion_
GA_2014

GeoAdaptive, LLC 2014

A polygon feature data set representative of  
where participants recommend that future 
research and monitoring efforts should 
be focused for erosion, given a Medium 
Development Scenario.

BASE_Medium_F_RM_
MarineOilSpill_GA_2014

GeoAdaptive, LLC 2014

A polygon feature data set representative of  
where participants recommend that future 
research and monitoring efforts should be 
focused for marine oil spills, given a Medium 
Development Scenario.

BASE_Medium_F_RM_ESASpecies_
GA_2014

GeoAdaptive, LLC 2014

A polygon feature data set representative of  
where participants recommend that future 
research and monitoring efforts should be 
focused for ESA-listed species, given a Medium 
Development Scenario.

BASE_Low_F_RM_DecoReclaInfra_
GA_2014

GeoAdaptive, LLC 2014

A polygon feature data set representative of  
where participants recommend that future 
research and monitoring efforts should 
be focused for the decommissioning and 
reclamation of infrastructure, given a Low 
Development Scenario.

BASE_Low_F_RM_Erosion_
GA_2014

GeoAdaptive, LLC 2014

A polygon feature data set representative of  
where participants recommend that future 
research and monitoring efforts should be 
focused for erosion, given a Low Development 
Scenario.

BASE_Low_F_RM_MarineOilSpill_
GA_2014

GeoAdaptive, LLC 2014

A polygon feature data set representative of  
where participants recommend that future 
research and monitoring efforts should be 
focused for marine oil spills, given a Low 
Development Scenario.
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Data Source Year Description

Infrastructure

INFRA_ExistingOGInfra_ACE_2003
Audubon Alaska, 
Alaska Center for the 
Environment(ACE)

2003
A line feature dataset that represents the 
existing resource extraction infrastructure in 
the North Slope. 

INFRA_PlannedOGInfra_ ACE_2014
Audubon Alaska, 
Alaska Center for the 
Environment(ACE)

2014

Line feature dataset of planned resource 
extraction data compiled from various sources 
by the Center for Environment. In the majority 
of cases data has been digitized by ACE. 

INFRA_OilandGasWellLocations_
AOGCC_2013

Alaska Oil and 
Gas Conservation 
Commission (AOGCC)

2013
Point features of historical oil and gas well 
sites.

Wildlife

ECHO_BowWhaleFall_AA_2010 Audubon Alaska 2010
A polygon feature layer demarcating the fall 
migration areas of the bowhead whale.

ECHO_BowWhaleSpring_AA_2010 Audubon Alaska 2010
A polygon feature layer demarcating the spring 
migration areas of the bowhead whale.

ECHO_BowWhaleSummer_
AA_2010

Audubon Alaska 2010
A polygon feature layer demarcating the 
summer migration areas of the bowhead 
whale.

ECHO_BowWhaleMigrationLines_
AA_2009

Audubon Alaska 2010
A line feature layer depicting the general 
location and direction of Bowhead Migration in 
the Arctic Sea.

ECHO_BowWhaleHuntAreas_
AA_2009

Audubon Alaska 2010
A polygon feature layer of bowhead whale 
hunt areas in the Arctic Sea. 

ECHO_PBMaternalDenning_
NOAA_2013

NOOA and compiled 
by AudubonAlaska

2013
A polygon feature of the major polar bear 
matenal denning areas. 

ECHO_PBMajoruseareas_AA_2005

Amstrad, S. C., G. M. 
Darner, I. Sterling, and 
T. L. McDonald. 2005. 
Allocating harvests 
among polar bear 
stocks in the Beaufort 
Sea. Arctic 58:247-
259, extracted from 
Audubon Alaska Polar 
Bear Habitat Layer.

2005

A polygon feature layer extracted from 
Audubon Alaska for polar bear habitat data. 
The feature layer represents major maternal 
denning areas in the North Slope

ECHO_PBDenAreas_USGS_2010

Durner, G.M., 
Fischbach, A.S., 
Amstrup, S.C., and 
Douglas, D.C., 2010, 
Catalogue of polar 
bear (Ursus maritimus) 
maternal den locations 
in the Beaufort Sea 
and neighboring 
regions, Alaska, 
1910–2010: U.S. 
Geological Survey Data 
Series 568, 14 p.

2010

Data on the approximate locations and 
methods of discovery of 393 polar bear 
maternal dens foud in the Beufort Sea and 
neighboring region between 1910 and 2010.

ECHO_SpectacledEiderCH_
USFWS_2001

United States Fish 
and Wildlife Service 
(USFWS)

2001
A polygon feature layer of the federally 
mandated spectacled eider critical habitat 
protection area. 

ECHO_RingedSealAdult_
NOAA_1988

NOAA, compiled by 
Audubon Alaska

1988
A polygon feature layer of the adult ringed seal 
habitat.

ECHO_WalrusMigrationLines_
AA_1988

Audubon Alaska 1988
Line feature datasets of general walrus 
migration routes in the Arctic Sea.
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Data Source Year Description

Wildlife

ECHO_WalrusAdultAreas_AA_1988 Audubon Alaska 1988
A polygon feature layer of the adult walrus 
habitat.

ECHO_SpectacledEiderDensi_
USFWS_2012

USFWS 2012

A polygon feature layer containing varying 
relative densities of the spectacled eider. 
Densities were calculated using spectacled 
eider grid observations from 2009-2012.

ECHO_BeardedSeal_AFSC_2010
Alaska Fisheries 
Sciences Center

2010
A polygon feature representing the distribution 
of the bearded seal in the North Slope.

ECHO_RibbonSeal_AFSC_2010
Alaska Fisheries 
Sciences Center

2010
A polygon feature representing the distribution 
of the ribbon seal in the North Slope.

ECHO_SpottedSeal_AFSC_2010
Alaska Fisheries 
Sciences Center

2010
A polygon feature representing the distribution 
of the spotted seal in the North Slope.

ECHO_PacificWalrus_AFSC_2010
Alaska Fisheries 
Sciences Center

2010
A polygon feature representing the distribution 
of the pacific walrus in the North Slope.

ECHO_SpectacledEiderMigrating_
NOAA_2005

NOAA 2005

A polygon feature layer extracted from NOAA's 
Environmental Sensitivity Index Database.  
Feature layer represents known migration 
areas for the spectacled eider.

ECHO_SpectacledEiderNesting_
NOAA_2005

NOAA 2005

A polygon feature layer extracted from NOAA's 
Environmental Sensitivity Index Database.  
Feature layer is of areas of known Spectacled 
Eider nesting areas. 

ECHO_SpectacledEiderMolting_
NOAA_2005

NOAA 2005

A polygon feature layer extracted from NOAA's 
Environmental Sensitivity Index Database.  The 
polygon represents the known molting habitat 
for the spectacled eider.

ECHO_StellersEiderMolting_
NOAA_2005

NOAA 2005

A polygon feature layer extracted from NOAA's 
Environmental Sensitivity Index Database.  The 
polygon represents the known molting habitat 
for the Steller’s eider. 

ECHO_StellersEiderNesting_
NOAA_2005

NOAA 2005

A polygon feature layer extracted from NOAA's 
Environmental Sensitivity Index Database.  The 
polygon represents the known nesting habitat 
for the Steller's eider.

ECHO_StellersEiderMigrating_
NOAA_2005

NOAA 2005

A polygon feature layer extracted from NOAA's 
Environmental Sensitivity Index Database.  
The polygon represents the known migrating 
habitat for the Steller's eider.

ECHO_
MarineMammalHabitatAreas_
NOAA_2005

NOAA 2005

A polygon feature layer extracted from NOAA's 
Environmental Sensitivity Index Database. The 
polygon represents habitat for the various 
species of marine mammal that are found in 
the North Slope. 

ECHO_
TerrestrialMammalHabitatArea_
NOAA_2005

NOAA 2005

A polygon feature layer extracted from NOAA's 
Environmental Sensitivity Index Database. The 
polygon represents the broad habitat extents 
for various species of terrestrial mammals 
found in the North Slope.
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Data Source Year Description

Wildlife

ECHO_WildfowlHabitatAreas_
NOAA_2005

NOAA 2005

A polygon feature layer extracted from NOAA's 
Environmental Sensitivity Index Database. The 
polygon represents the habitat for numerous 
species of wildfowl in the North Slope

ECHO_FishHabitat_NOAA_2005 NOAA 2005

A polygon feature layer extracted from NOAA's 
Environmental Sensitivity Index Database. The 
polygon represents habitat for numerous fish 
species in the North Slope. 

ECHO_AnadromousRivers_
NOAA_2005

NOOA 2005

A polygon feature layer extracted from NOAA's 
Environmental Sensitivity Index Database. The 
anadromous rivers data set includes rivers 
found in the North Slope where anadrmous 
fish go to spawn.  These fish are born in fresh 
water, migrate out to sea, and then return to 
these fresh water environments to spawn.

ECHO_CentralCaribouDens_
BLM_2014

BLM 2014

A polygon feature dataset created from raster 
data that was developed for the BLM Rapid 
Ecoregional Assessment for the North Slope 
and represents the total annual range of the 
Central Arctic caribou herd for the North 
Slope.

ECHO_TeshekpukCaribouDens_
BLM_2014

BLM 2014

A polygon feature dataset created from raster 
data that was developed for the BLM Rapid 
Ecoregional Assessment for the North Slope 
and represents the total annual range of the 
Teshekpuk herd caribou herd for the North 
Slope.

Environmental

ECHO_ShorelineSensitivityIndex_
NOAA_2005

NOAA 2005

A line feature that ranks the sensitivity of the 
shoreline of the North Slope coastline to oil.  
Sensitivity to oil is based in the geographical 
features on the shoreline. A shoreline ranking 
of 10 is the highest sensitivity to a marine oil 
spill, while 1 is the lowest sensitivity.

ECHO_
ExposedandShelteredCoastline_
USGS_2015

USGS 2015

Line features that represents the rate EPR (End 
Point Rate) of costal erosion for the majority 
of the North Slope.  Line transects were 
created for every 50 meters of the North Slope 
coastline starting at the Canadian border near 
Kaktovik and end after the village boundary of 
Wainwright.

ECHO_Thermokarstformations_
ALCC_2005

ALCC 2005

This polygon feature layer accessed through 
the NSSI website provides a database of the 
thermokarst formations that are associated 
with geographical and ecological conditions 
through out the North Slope.

ECHO_PredispositionModel_USGS_
UAF_2014

USGS/UAF Alaska 
Climate Science Center 
and the Arctic, Wester 
Alaska, and Northwest 
Boreal Landscape 
Conservation 
Cooperative

2014

This raster feature layer is the output of the 
of thermokarst predisposition analysis for 
the State of Alaska. The analysis takes into 
account ground ice content, and lowland and 
permafrost distribution.
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Data Source Year Description

Environmental

ECHO_DeepConnectedLakes_
AKNHP_2014

BLM 2014

The polygon feature layer represents deep 
connected lakes are lakes that are generally 
greater than 1.6 meter in depth and are 
hydrologically connected to flowlines. They 
are characterized by low temperatures, low 
prey densities, short open water periods, and 
limited overwintering habitat. Because of their 
depth and perennial flow, it is less likely that 
deep connected lakes freeze completely during 
winter, therefore providing important winter 
refuge for fish and other aquatic organisms. 
Developed by BLM for the Rapid Ecological 
Assessment.

ECHO_LargeStreams_AKNHP_2014 BLM 2014

The polygon feature layer represents large 
streams which are found in the North 
Slope which are an important resource to 
various types of species in the North Slope.  
Developed by the BLM for the Rapid Ecological 
Assessment.

ECHO_
NoDepthDataConnectedLakes_
AKNHP_2014

BLM 2014

For deep and shallow connected lakes 
additional data sets were used (National 
Hydrography Dataset, Bathymetry of Alaskan 
Arctic lakes, and SAR derived lake depths) to 
identify shallow lakes (depths less than 1.6 
meters) and deep lakes (depths greater than 
1.6 meters).Developed by the BLM for the 
Rapid Ecological Assessment.

ECHO_ShallowConnectedLakes_
AKNHP_2014

BLM 2014

Shallow connected lakes are lakes that are 
generally less than 1.6 meters depth and are 
hydrologically connected to flowlines. Shallow 
lakes are ubiquitous in the study area and 
represent approximately 40% of the landscape. 
Shallow lakes typically freeze to the bottom 
and only contain liquid water during the 
summer months. Shallow lakes do not provide 
fish overwintering habitat; however, they are 
used by fish for foraging habitats during the 
open water season. Developed by the BLM for 
the Rapid Ecological Assessment.

ECHO_SmallStreams_AKNHP_2014 BLM 2014

Small streams may provide overwinter 
habitat in the form of springs and deep 
pools. Small stream ecosystems support 
extensive spawning and rearing habitat for 
numerous fish species in the study area. Small 
streams also provide important habitat for 
aquatic invertebrates as well as important 
transportation and recreational uses for local 
residents.

ECHO_NorthSlopeWaterBodies_
NHD_USGS_2014

USGS,NHD
Accessed 
2014

The National Hydrography Dataset (NHD) is 
a feature-based database that interconnects 
and uniquely identifies the stream segments 
or reaches that make up the nation's surface 
water drainage system.

ECHO_WatershedBoundaries_
NHD_USGS_2014

USGS,WBD
Accessed 
2014

The Watershed Boundary Datset (WBD) 
represents drainage basins as enclosed areas 
in eight different size categories.
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Bureau of Land Management collaboratively manages its Alaska lands and its uses on the North Slope to promote healthy and 
productive ecosystems for present and future generations, in accordance with the Federal Land Policy Management Act 
(FLPMA) and the Naval Petroleum Reserves Production Act of 1976 (NPRPA). The NPRPA encourages oil and gas leasing in the 
National Petroleum Reserve in Alaska (NPR-A), while requiring protection of important surface resources and uses, including 
any activities related to the protection of environmental, fish and wildlife, and historical or scenic values. 
 
U.S. Fish and Wildlife Service is one of the primary natural resource-management agencies on the North Slope. The mission of 
the Fish and Wildlife Service is to work with others to conserve, protect, and enhance the fish, wildlife, and plants and their 
habitats for the continuing benefit of the American people. The Fish and Wildlife Service manages the 19-million acre Arctic 
National Wildlife Refuge in northeast Alaska and has primary management authority for migratory birds, certain threatened 
and endangered species, polar bear, and Pacific walrus. To accomplish this mission, the Service is involved in a variety of 
research, monitoring, and management projects on the North Slope and in the adjacent coastal waters of the Beaufort Sea. 
 
Bureau of Ocean Energy Management manages the exploration and development of the Nation's offshore resources. It seeks 
to appropriately balance economic development, energy independence, and environmental protection through oil and gas 
leases, renewable energy development and environmental reviews and studies. Functions include: Leasing, Plan 
Administration, Environmental Studies, National Environmental Policy Act (NEPA) Analysis, Resource Evaluation, Economic 
Analysis and the Renewable Energy Program. 
 
National Park Service preserves the natural and cultural resources and values of the National Park System for the enjoyment, 
education, and inspiration of this and future generations. The Park Service cooperates with partners to extend the benefits of 
natural and cultural resource conservation and outdoor recreation throughout this country and the world. 
 
Bureau of Safety and Environmental Enforcement works to promote safety, protect the environment, and conserve resources 
offshore through vigorous regulatory oversight and enforcement. BSEE is responsible for reviewing Applications for Permit to 
Drill (APDs) to ensure all recently implemented enhanced safety requirements are met, and for conducting inspections of 
drilling rigs and production platforms using multi-person, multi-disciplinary inspection teams. Alaska Region inspectors issue 
Incidents of Non-Compliance (INCs) and have the authority to fine companies through civil penalties for regulatory 
infractions. 
 
U.S. Geological Survey serves the Nation as the Department of Interior’s lead science agency by providing scientific expertise 
responsive to important natural resources issues and natural hazards assessments. The mission of the USGS Alaska Science 
Center is to provide scientific leadership and accurate, objective, and timely data, information, and research findings about 
the earth and its flora and fauna to Federal and State resource managers and policy makers, local government, and the public 
to support sound decision making regarding natural resources, natural hazards, and ecosystems in Alaska and circumpolar 
regions.  
 
NOAA/National Marine Fisheries Service provides stewardship of living marine resources through science-based conservation 
and management and the promotion of healthy ecosystems. NMFS activities on Alaska’s North Slope include consultation 
and coordination regarding federal water development projects under the Fish and Wildlife Coordination Act and other laws, 
consultation regarding the effects of federal actions on species listed under the Endangered Species Act, and authorizations 
for the unintentional take of small numbers of marine mammals under the Marine Mammal Protection Act. NMFS also 
conducts research concerning marine mammals and fish under NMFS jurisdiction. NMFS assesses populations of bowhead 
whales, ribbon seals, ringed seals, spotted seals, and bearded seals, and works routinely with partners in Alaska Native 
Organizations such as the Alaska Eskimo Whaling Commission and the Ice Seal Committee. Additionally, NMFS staffs the U.S. 
delegation to the International Whaling Commission. 

Annex 1: NSSI Member Organizations
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NOAA/National Weather Service Alaska Region provides weather, hydrologic, climate forecasts and volcanic ash and tsunami 
warnings for the State of Alaska and its surrounding waters to protect lives and property and enhance the economic interests 
of our Nation. Alaska Region offices and facilities include the Weather Forecast Offices, Weather Service Offices, Alaska-
Pacific River Forecast Center, Alaska Aviation Weather Unit, Anchorage Center Weather Service, and the Alaska Region 
Headquarters. 
 
U.S. Arctic Research Commission principal duties are (1) to establish the national policy, priorities, and goals necessary to 
construct a federal program plan for basic and applied scientific research with respect to the Arctic, including natural 
resources and materials, physical, biological and health sciences, and social and behavioral sciences; (2) to promote Arctic 
research, to recommend Arctic research policy, and to communicate our research and policy recommendations to the 
President and the Congress; (3) to work with the National Science Foundation as the lead agency responsible for 
implementing the Arctic research policy and to support cooperation and collaboration throughout the Federal Government; 
(4) to give guidance to the Interagency Arctic Research Policy Committee (IARPC) to develop national Arctic research projects 
and a five-year plan to implement those projects; and (5) to interact with Arctic residents, international Arctic research 
programs and organizations and local institutions including regional governments in order to obtain the broadest possible 
view of Arctic research needs. 
 
U.S. Coast Guard serves and safeguards the public, protects the environment and its resources, and defends the Nation’s 
interests in the Alaskan maritime region. The U.S. Coast Guard is one of the five armed forces of the United States and the 
only military organization within the Department of Homeland Security. Since 1790 the Coast Guard has safeguarded our 
Nation's maritime interests and environment around the world. 
 
Alaska Department of Fish and Game protects, maintains, and improves the fish and game resources of the State, and 
manages their use and development for the maximum benefit of the people of the State, consistent with the sustained yield 
principle. The Alaska Department of Fish and Game has a responsibility to collect biological information necessary to evaluate 
land-development activities, present this information to decision makers so they can make informed decisions, and provide 
options for development activities that will minimize or mitigate negative impacts of development. 
 
Alaska Department of Natural Resources is the lead resource-development agency for the State of Alaska. Several divisions in 
DNR have major responsibilities regarding North Slope developments. (a) The Division of Oil and Gas develops and manages 
the State’s oil and gas leasing programs; (b) ) The Division of Geological and Geophysical Surveys (DGGS) generates, analyzes, 
and interprets data on geologic resources and natural conditions and maps and inventories mineral and energy resources on 
State land for use by government, private industry, scientists, educators, and the public; (c)  The Division of Mining, Land, and 
Water is the primary manager of Alaska’s land holdings; and, (d)  The Office of Project Management and Permitting 
administers the State of Alaska’s Large Projects Team which is responsible for coordinating State agency participation on 
major resource development projects throughout Alaska. 
 
North Slope Borough responsibilities include planning, zoning, and permitting; coastal management; wildlife research with a 
focus on subsistence; and support for the traditional culture of the North Slope. The Borough’s planning and zoning authority 
through its Home Rule Charter mandates active land use management across Federal, State, Native and municipal lands. The 
Borough has a coastal management plan which stresses the health, safety, and cultural welfare of NSB residents and 
compliance with environmental policies of local concern. The Borough monitors and conducts scientific research on marine 
and wildlife resources to ensure healthy population levels and to sustain a continued subsistence harvest for its residents. 
The  Boroughs planning and research activities are conducted in part to guarantee strong local input into subsistence 
resource management, with a special emphasis on the blending of contemporary and traditional local knowledge as a 
mechanism to sustain the resources and the local indigenous culture. 
 
Arctic Slope Regional Corporation is the Alaska Native-owned regional corporation representing more than nine thousand 
Inupiat Eskimos of Alaska’s North Slope. The shareholders of ASRC own surface and subsurface title to more than four million 
acres of North Slope lands. By virtue of this title, the ASRC represents the largest private landowner on the North Slope. The 
ASRC ownership stems from an earlier claim of aboriginal title, covering the entire Alaskan North Slope, that was eventually 
settled in part by the Alaska Native Claims Settlement Act of 1971 (ANCSA). The mission of ASRC includes actively managing 
its lands and resources in order to enhance Inupiat cultural and economic freedoms. ASRC is involved with a number of North 
Slope resource development activities, and has a variety of subsidiary companies that are active in North Slope resource 
development and other sectors. 
 
[Note: above language was abstracted from the current NSSI Oversight Group Charter or member organization websites.] 
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Alaska Climate Change Adaptation Series

Regional Climate Projections:
North Slope and  
Northwest Coast

Who We Are
SNAP — The Scenarios Network for 
Alaska & Arctic Planning links universi-
ty researchers with communities and 
resource managers. Through partner-
ships involving data sharing, research, 
modeling and interpretation of model 
results, SNAP addresses some of the 
complex challenges of adapting to 
future conditions.

CES — The Cooperative Extension 
Service is the educational outreach 
component of the national land grant 
university system — in Alaska, the 
University of Alaska Fairbanks. CES 
conducts research and provides edu-
cational outreach statewide.

ACCAP — The aim of the Alaska 
Center for Climate Assessment and 
Policy is to assess the socioeconomic 
and biophysical impacts of climate 
variability in Alaska, make this infor-
mation available to decision makers, 
and improve the ability of Alaskans to 
adapt to a changing climate.

Together, SNAP, ACCAP and CES 
provide a variety of services that may 
assist you in meeting your community 
planning needs.

Planning for Change
Alaskans face many challenges in the 
next century. Rising energy costs have 
impacted the cost of food, fuel and 
other services. Changes in tempera-
ture and moisture can trigger pro-
found landscape-level changes such 
as sea level rise, modified patterns of 
storms, flooding or fire, and altered 
migration routes, breeding patterns or 
survivorship of fish and wildlife.

Everyone — from engineers to 
farmers to wildlife managers — will 
need to take economic change, social 
change and climate change into 
account when planning for the future 
in order to avoid costly mistakes and 
take advantage of new opportunities. 
Planning requires objective analysis of 
future projections, including clear ex-

planations of the uncertainty inherent 
in all forms of forecasting.

Uncertainty
While values are based on the best 
available climate models, they are es-
timates only. There is variation among 
climate models and annual variation 
within each model. Interpretation of 
impacts adds additional uncertainty.

Climate Models
SNAP provides average values of pro-
jections from five global models used 
by the Intergovernmental Panel on 
Climate Change (IPCC). Climate pro-
jections are based on three scenarios 
for carbon dioxide emissions that 
cover a wide range of possible future 
conditions.

Statewide Trends
Temperatures and precipitation are 
expected to increase across the state 
throughout the next century. The 
growing season will lengthen, and gla-
ciers, sea ice and permafrost will be 
reduced. Significant ecosystem shifts 
are likely statewide.

The climate of Alaska’s North Slope and northwest coast is best described as moist polar. All months have mean tempera-
tures below 50°F and precipitation is light, increasing somewhat toward the foothills of the Brooks Range. Vegetation is 
primarily tundra, and permafrost is continuous with varying degrees of thickness. The coast is bordered by sea ice in the 
winter. Climate projections show increasing temperatures in this area over the next century, with increased evapotrans-
piration outweighing slight increases in precipitation. Reduced sea ice, a drier landscape and a longer snow-free season 
could have profound impacts on vegetation, wildlife and subsistence activities.

U N I V E R S I T Y  O F  A L A S K A  F A I R B A N K S

	  

www.uaf.edu/ces
1-877-520-5211

www.snap.uaf.edu

ACC-00112

Annex 2: Regional Climate Projections
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Climate Projections
Significant temperature 
change is predicted for this 
region, particularly in fall and 
winter months. In Barrow, 
average June temperatures 
are projected to rise only 
2–3°F this century, but Oc-
tober–March temperatures 
are projected to increase by 
20–25°F. Projections for pre-
cipitation are less linear but 
show significant changes for 
every month throughout the year. The 
increase in arctic precipitation is likely 
to be most concentrated over coastal 
regions and in the fall and winter.

Regional Impacts
For some coastal communities in this 
region, erosion is by far the most 
pressing issue. Loss of landfast sea ice 
and thawing of frozen ground along 
coastlines allows for greater wind 
and water erosion, especially during 
severe storms. A combination of ero-
sion and sea level rise may eventually 
force some coastal communities to 
relocate.

Shishmaref has already lost several 
buildings due to erosion of its north-
ern shoreline, which is eroding at 
an average of 3–5 feet per year. The 
community has chosen to relocate 

to a nearby mainland location that is 
suitable for subsistence and preserves 
its culture and integrity.

Loss of sea ice also impacts habitat for 
arctic species and affects subsistence 
activities. Reductions in sea ice will 
drastically shrink marine habitat for 
polar bears, seals and seabirds, which 
could push some species to-ward ex-
tinction. Changing sea ice conditions 
present serious challenges to travel, 
which in turn threatens food security 
of communities that rely on subsis-
tence hunting, fishing and gathering.

Higher temperatures and a longer 
growing season are already causing an 
increase in shrub cover on the tundra, 
and higher evapotranspiration is likely 
to cause drying of some soils and 
wetlands. Warmer winters and lower 

water availability may impact the 
manner in which heavy industry can 
operate on the North Slope. On the 
other hand, a decline in the extent 
and thickness of arctic sea ice would 
improve ship accessibility in the Arctic 
Ocean, increasing marine transport 
and access to resources.

Shifting tree line and changing hydrol-
ogy will likely lead to species shifts 
and habitat loss for some arctic flora 
and fauna. New species assemblages 
may become predominant as condi-
tions change, particularly in western 
coastal areas. Shrub cover, drying and 
lightning together are likely to result 
in higher fire incidence.

The chart tool used to 
create these graphs is 
available for more than 440 
communities statewide at 
www.snap.uaf.edu.

Published by the University of Alaska Fairbanks Cooperative Extension Service in cooperation with the United States Department of Agriculture. 
The University of Alaska Fairbanks is an affirmative action/equal opportunity employer and educational institution.
©2013 University of Alaska Fairbanks. 
6-13/SNAP-ACCAP/6-13 New June 2013
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Scenarios for Energy and Resource Development on the 
North Slope and Adjacent Seas Research and Monitoring 

Prioritization for the NSSI 
 

  

Overview 
 
The oil and gas produced in Alaska is subject to an oil and 
gas production tax that provides a significant source of 
revenue to the State. The tax was first enacted in 1955 
assessing 1% of the production value. Since 2006 the 
production tax has been a net profits tax which takes into 
account market price, transportation costs, royalties and 
lease costs.  The oil and gas production tax was modified 
most recently in 2013 with the enactment of the More 
Alaska Production Act (MAPA, or SB21) which has a 
constant nominal tax rate of 35%. It replaced the Alaska’s 
Clear and Equitable Share (ACES) which had a progressive 
nominal tax rate between 25% and 75%.   
 
Changes in oil prices and production costs are difficult to 
predict, but assumptions to predict the taxable value has 
resulted in controversy about how the oil and gas 
production tax code could encourage industry production 
while also and best serving the Alaska economy.   

Oil and Gas Revenues | Alaska State Economy 
 
Summary 
 
Historically, Alaska’s economy has been highly dependent on sectors of the economy that draw money into the state, which 
directly generates revenues for businesses, wages and other income, and provides jobs for Alaskans. As Alaska businesses and 
households spend this new money within Alaska, additional revenues, wages, and income is generated. The most important jobs 
and income generators for the Alaska economy are the petroleum industry, the largest private economic driver in the state, and 
the federal government. Other sectors bringing in money include fisheries, mining, tourism, air cargo, and retirement as well as 
non-earned income. The contribution of the petroleum sector comes from production-related economic activity, current 
petroleum revenues to state and local governments, and spending from savings collected in prior years and deposited into the 
Alaska Permanent Fund, the Constitutional Budget Reserve and Statutory Budget Reserve. In fiscal year 2012, oil revenue to the 
state was around $9.2 billion, amounting to more than half of all revenue to the state and 89 percent of the general fund from 
which the state pays for public services.  
 
The amount of oil revenue collected by the state depends on the price of oil determined by world markets, the barrels of oil 
produced, and the way Alaska both administers its royalty contracts and taxes the oil industry. The structure of the oil and gas 
production tax code is an important driver affecting industry decisions for investments and production of North Slope oil and 
gas. 
  

 
Figure 1. Revenues by tax program. Source: Alaska Department 
of Revenue Tax Division 2013 Annual Report  
 
 
Alaska economy: The strength of the Alaska economy depends 
on the cash coming in, through basic industries in Alaska that 
sell goods and services elsewhere. Most places in the U.S. bring 
in cash by manufacturing or providing services but Alaska is 
different. The Alaska economy is built on the sale of natural 
resources and inflows of cash from the federal government. For 
decades, Alaska has had a strong economy, driven by federal 
spending and oil production.  
 

Annex 3: Emerging Issue Summaries / Background Papers
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Trends and Uncertainties 
 
Even in times of high oil prices, Alaska's economic future is 
uncertain. Historically, Alaska state government has been over-
relying on oil revenues, yet North Slope oil production has 
declined between three and eight percent annually in recent 
years. This decline rate is not reversible by favorable fiscal policy 
alone or taxation in other resource sectors. Even though high oil 
prices  for many years have sheltered state government from 
the budget gap, the oil production tax alone cannot fill the fiscal 
gap given current oil price and production projections.  
 
Also, federal spending can no longer be depended on (3, 5).  
Despite the economic growth fostered, all non-oil resource 
sectors are not large enough to compensate for any budget 
shortfall due to much reduced federal spending, decreasing oil 
production as well as stable or lower oil prices. Given projected 
future oil prices, Alaska will face a fiscal gap regardless of what 
the petroleum production tax code looks like unless the state 
drastically reduces spending and finds other revenue sources to 
balance the budget. Some of the continuing challenges and 
uncertainties related to future economic development in Alaska 
that have shaped the Alaska economy in the past include (1, 2, 
6):  
 

 Distance to markets: 
Alaska’s geographic location places it far from markets 
and suppliers, resulting in high transportation costs. 

 Difficult access:  
Alaska’s large land mass and few road miles create 
difficult and costly access to resource development.  

 Harsh environment:  
Severe winters and permafrost, for example, increase 
costs for development.  

 Small population:  
Alaska’s population and jobs are concentrated in 
Southcentral Alaska, a comparably small area, leaving 
the rest of the state with very low population density.  

 Seasonality:  
Alaska has the highest seasonality in jobs nationwide. 
Private sector jobs in the summer are a quarter higher 
compared to the annual average number of jobs.  

 Dependence on oil: 
The economy is highly dependent on just one resource, 
oil, leaving the Alaska economy less diversified 
compared to other states and more vulnerable to 
declines and/or swings related to income from oil 
production.  

 Federal Funding: 
Since statehood, Alaska has benefited from large per 
capita transfer payments from the Federal government 
to fund state services and development of 
infrastructure. 

 

 Remote enclave production:  
Most resource development occurs in enclaves, 
remote locations, where the lack of adequately 
trained local labor hampers the benefits for local 
small-scale economies and the establishment of a 
locally owned support services industry.  

 Strong political influence: 
Because of its dominant impact on the Alaska 
economy, the oil and gas industry, led by a small set 
of multi-national companies, plays a significant role 
in political and policy debates in Alaska. And because 
of Alaskans’ overwhelming reliance on oil and gas 
dollars, they are dependent on the industry and its 
continued spending and support.  

Many Alaskans hope for a natural-gas pipeline, which will be 
an important piece of the state's future development. But it 
remains an uncertain prospect, and by itself is not enough to 
provide a healthy economic future. However, Alaskans can 
invest in their current resource base to build physical and 
human assets that are able to generate the private-sector 
jobs and the public-sector tax base that together can bring 
Alaska prosperity in future decades. 
 
 

Driver interactions  
  
The size of the Alaska economy, to a large degree, is related 
to the amount and price of petroleum production linked to 
global petroleum markets. Petroleum resource development 
has a large impact on job and wealth creation in Alaska’s 
economy through direct and spin-off economic activity. In 
addition, over three quarters of state and local government 
jobs are dependent on the petroleum sector underlining 
widespread overreliance on oil revenues for public services 
throughout Alaska (Figure 3).  
 
Declining petroleum production can result in government 
budget cuts. Businesses providing goods and services to the 
oil industry and local and state governments would lay off 
workers. With the loss of employees, the loss of income 
would further cause a reduction of spending, jobs, and 
income and could lead to a contracting economy. At the 
same token, large increases in resource development 
spending in Alaska can create and support direct and related 
spin-off jobs. A big change in the Alaska economy since 
statehood has been the growth of industries providing goods 
and services that as recently as the 1960s, were unavailable 
locally. To a large degree, this diversification is traceable to 
spending by the petroleum sector and federal government.  
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For more information please contact: 

Dr. John Payne | Director, NSSI 
jpayne@blm.gov 
(907) 271-3431 

Dr. Denny Lassuy | Deputy Director, NSSI 
dlassuy@blm.gov 
(907) 271-
3212  

www.northslope.org 

Dr. Juan Carlos Vargas | GeoAdaptive Principal 
jcvargas@geoadaptive.com 
(617) 227-8885 
www.geoadaptive.com 

Dr. Olivia Lee | UAF - PI 
olivia@gi.alaska.edu 
(907) 474-6832 
http://accap.uaf.edu/?q=projects 
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Scenarios for Energy and Resource Development on the 
North Slope and Adjacent Seas Research and Monitoring 

Prioritization for the NSSI 
 

  

Overview and Trends 
 
Current and historical observations 
A warming trend in Alaska was observed over the last 60 years 
with a general increase of 1.7°C (3). There are seasonal 
differences in this trend, with more pronounced warming during 
the winter and autumn. The shift towards warmer mean 
temperatures in 1976 corresponds to the phase shift in the 
Pacific Decadal Oscillation. The North Slope is also warming 
faster than other regions in Alaska particularly in the last 30 
years (2,3).  
 
Precipitation trends varied over the past 90 years with much 
variation throughout Alaska. An overall increase in precipitation 
on the North Slope was observed in the last 30 years which was 
preceded by a negative precipitation anomaly from 1951-1980 
(3).  
 
Projections 
The graphs and data in this fact sheet come primarily from 
climate models created by the Scenarios Network for Alaska and 
Arctic Planning (SNAP) – a research group at the University of 
Alaska, Fairbanks.  More information on SNAP can be found at 
www.snap.uaf.edu. 
 
These models, which are based on the best available scientific 
knowledge, provide information about what kind of changes are 
possible, in terms of warming temperatures, changing patterns 
of rainfall and snowfall, and shifting seasons.  Local knowledge 
can put this information into context, when it comes to 
imagining what the future may hold for community residents. 
 
 

Climate Change  
 

Summary 
 
The last few decades showed Alaska-wide increases in 
temperature, with variable trends in precipitation patterns.  
Overall, projections show warmer temperatures, particularly in 
winter and fall, and slight increases in annual precipitation.  
      Climate change acts as an overarching driver of change 
affecting the environment, landscapes and ecosystems. It may 
pose risks to infrastructure and creates both challenges and 
opportunities for human activities. Rising temperatures can 
affect sea level rise, permafrost thaw and sea ice extent and can 
result in flooding, erosion and infrastructure damage. 
Decreasing snow-cover days and delays in freeze-up dates may 
affect the duration of tundra travel. Changes in precipitation 
and evaporation rates could affect the available water supply 
for industry and community use. 

 

 
 
Figure 1. Mean annual temperature departure for Alaska from 
1949 to 2013. Source: Alaska Climate Research Center 

 
 

 

 
Figure 2. Alaska statewide precipitation anomalies from the 
1971-2000 base period. Source: National Climatic Data Center 
 
 
Temperature 
Between the 2010s and the 2040s, July temperatures are 
projected to increase by less than 1°C, but in January 
temperatures are projected to increase by more than 2°C. 
Between 2040 and 2060 temperatures are projected to 
continue to increase, particularly during winter. 
 
Precipitation 
In the coming decades, the greatest change in precipitation is 
expected in winter and autumn, with smaller increases in 
precipitation expected during summer. How large these 
increases will be is highly uncertain (1,3,4). 
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Snow 
Snowfall is projected to increase during the winter. However 
the duration of snow-cover in Alaska is expected to decrease 
30-40% by 2050. The frequency of rain on snow events (5) is 
also projected to increase, but there are large uncertainties in 
modeling snow conditions. 
 
Freeze-up and Thaw Date 
Freeze-up dates are expected to occur later in autumn, with a 
greater number of days between the projected day of thaw 
and day of freeze (4 to 6 days longer from the 2010s to the 
2040s).  However there is a lot of uncertainty associated with 
our understanding of impacts of clouds, and the release of 
heat stored in the ocean (4). 
 
Extreme Events: Storms and Other Phenomena 
It is very likely that there will be increases in the frequency 
and duration of extreme warm events. Projections show that 
by 2030 extreme warm events will be 3-6 times as frequent, 
compared to present conditions. In contrast, extreme cold 
events are expected to decrease. Although storms are 
projected to become more common in the Bering Sea, the 
storm frequency and intensity in the Beaufort and Chukchi 
Seas remain highly uncertain. 
 

 
Sea Level 
Melting glacier and ice sheets, ocean thermal expansion and 
atmospheric pressure play a role in sea level rise in the Arctic. 
Sea level is projected to increase between 15 and 20 cm by 
2040 (4). Sea level rise is expected to be greater in the 
Beaufort Sea (0.24+.08 m) and Chukchi Sea (0.22+.07 m), and 
somewhat less pronounced towards the Bering Sea (0.18+.08 
m). However there are uncertainties in sea level rise related to 
differences between models, uncertainties regarding future 
greenhouse gas emissions and future ice discharge from 
Greenland and Antarctica. There are also likely to be large 
variations in local sea level rise related to coastal features and 
uncertainties in how much water is retained in glaciers, 
wetlands, and lakes amongst others.  
 

Figure 3. Projected changes in precipitation on the North Slope 
region in summer (top) and winter (bottom).  Precipitation is shown 
in millimeters of rainwater equivalent. 
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Figure 4. Temperature projections for July (top) and January (bottom) for the 
North Slope. Source: SNAP 
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Uncertainties 
 
Predictions about climate change – like most predictions -- can 
never be 100% accurate.  Not only are models not perfect 
representations of the real world, but as we all know, real 
weather patterns are highly variable over time.  In order to show 
long-term climate change trends more clearly, these graphs and 
tables show mean projections from five different models, 
averaged over ten-year periods.  Even so, when discussing 
climate change, it is usually helpful to talk about a range of 
possible futures (or scenarios) that may occur. 
 
Other sources of uncertainty include natural variability, (including 
short-term weather patterns and longer fluctuations such as the 
Pacific Decadal Oscillation), natural events (e.g. volcanic 
eruptions), how models represent tiny particles called aerosols 
(which impact cloud formation and precipitation), and our ability 
to predict land use-change over time. Incomplete understanding 
of the carbon cycle, and biogeochemical feedbacks also affects 
climate models.  
 
Although estimations of future greenhouse gas emissions play a 
large role in how models predict climate over the latter part of 
the century, some climate variables are less sensitive than others 
to which estimations are selected.  
 
 

Driver interactions 
 
Resource development 
 
With rising temperatures, the stability of structures on land can 
be impacted by permafrost thaw. Thawing frozen ground may be 
unstable and release contaminants, subsequently affecting the 
locations for future infrastructure development and waste sites. 
Increasing temperatures and decreasing days of snow depth 
cover could reduce the duration when ice-roads and airstrips can 
be used, thus affecting transportation. 
 
Changing precipitation and temperature patterns may affect 
hydrologic cycles, affecting water availability for industry use. 
Infrastructure close to rivers may see changes in flooding 
conditions as winter conditions affect the timing and severity of 
winter ice breakup (6). Heavy rain events during summer are also 
expected to become more common.  Sea level rise and changes 
in sea ice may impact offshore and coastal infrastructure, 
potentially leaving them vulnerable to flooding, erosion and 
winter storms.  
 

 

 
 
Figure 5. Projected change in day of thaw between the 2010s 
and the 2030s. Most of the North Slope is projected to 
experience spring thaw 1-6 days earlier than historical 
averages. 

 
 

 
 
Figure 6. Projected permafrost conditions: average ground 
temperature at one meter below the surface across the North 
Slope. 
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Other interactions 
 
Warming temperatures and changing precipitation patterns 
may have broad scale impacts on Arctic ecosystems, but may 
also affect weather at lower latitudes. Ecosystem impacts could 
result from changing vegetation, permafrost thaw, and changes 
to lake and stream flow. Rising sea level can cause salt water 
contamination in coastal habitats. 
 
In the marine ecosystem, warming temperatures and 
precipitation changes can affect sea ice melt and formation and 
disrupt the timing of phytoplankton blooms.  Ocean 
acidification is also an increasing risk to marine ecosystems. 
 
Both terrestrial and marine species may suffer from heat stress, 
and species distributions may change. This results in habitat loss 
for some species, and a northward shift for some temperate 
species. Milder climates may also result in insect and invasive 
species outbreaks. 
 
Community impacts from warming temperatures include 
increasing risk of damage to buildings and infrastructure from 
erosion, permafrost degradation, and sea level rise. Changes to 
hydrology can affect access to clean water. Changing animal and 
plant distributions can impact subsistence activities and food 
security. Warming temperatures also affect sea ice conditions, 
which in turn affect the safety, timing and duration of marine 
subsistence hunting. 

 
Monitoring 
 
The National Weather Service maintains a list of meteorological 
stations that record temperature and precipitation. The USGS 
Climate and Permafrost Monitoring Network, in collaboration 
with BLM and USFWS, the National Parks Service and the Arctic 
Long Term Ecological Research Network also monitor 
environmental data – this may include additional information 
such as wind direction, speed, and atmospheric pressure. Snow 
cover properties are not as widely monitored throughout Alaska 
although there are some remote-sensing products to monitor 
snow. 
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Scenarios for Energy and Resource Development on the 
North Slope and Adjacent Seas Research and Monitoring 

Prioritization for the NSSI 
 

  

Community Environmental Health & Food Security  
 
 
 

 
Figure 1. (A) Locations of drinking water protection areas and solid waste sites on the North Slope (Source: Alaska Department of 
Environmental Conservation), and (B) major permitted emission point sources in the North Slope Borough (1) 
 
 

Overview 
 
Factors affecting community health and mortality may change 
over time and several factors (e.g. diet, climate change) may 
interact to cause changes in disease, mortality and injury rates. 
Strong relationships between Alaska Native communities and the 
environment are bound in culture. Negative impacts to the 
environment could have direct and indirect impacts on health and 
food security, particularly as they relate to the use of subsistence 
resources.  
 
Air quality  
Most emissions in the North Slope come from stationary point 
sources such as industrial processes and energy generation 
activities (1). Road vehicles and aircraft, burning waste, and 
venting vapors (e.g. solvents and gasoline) contribute as non-point 
sources of emissions. Pollution from road dust and quarry 
operations in gravel pits are man-made sources of dust that can be 
difficult to suppress in villages. Values of dust above the National 
Ambient Air Quality Standard (150 µg/m3) have been recorded in 
the Northwest Arctic Borough (3).  
 
Natural sources of air pollution include forest fires, volcanic 
eruptions and wind-blown dust. Particulate matter (including dust 
and ash), gases (e.g. carbon monoxide, nitrous oxides, sulfur 
dioxide) and aerosols (e.g. mists/ fumes) affect air quality and can 
contribute to respiratory health problems, such as asthma. Elderly 
adults, children and those with heart or lung problems are at 
greater risk of negative effects from air pollution. 
 

Summary 
 
As interest in oil and gas development and resource extraction 
increases, communities may face positive and negative effects 
on health and food security. Exposure to contaminants, 
pollution, or hazardous conditions can affect community health 
through impacts on water and air quality, land use sites, and 
food sources. Presence of infrastructure, exploration activities, 
and exposure to contaminants can affect animal behavior, 
subsistence species populations and potentially conflict with 
harvest activities. Permitted resource extraction activities take 
into consideration potential impacts to community health and 
possible disruptions to subsistence activities. Resource 
development may also provide positive effects on community 
health (e.g. improvements in health services).   
 
Chronic exposure to contaminants, changes in diet and 
environmental changes that affect access to subsistence 
resources can act as drivers affecting regulations, costs for 
mitigating pollution, and community perceptions of resource 
development in the region.  
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Water quality 
Access to adequate clean water plays an important role in 
prevention of disease transmission and maintenance of health. 
Over 80% of housing units on the North Slope have water and 
sewer service.  There are few cases of water-related health 
problems or water borne-disease issues on the North Slope. In 
Alaskan communities without in-home piped water studies show 
elevated rates of lower respiratory infections, skin, and 
sometimes gastrointestinal infections. These infections are often 
associated with hygiene behaviors and water availability. 
 
Human-caused sources of water pollution may come from 
atmospheric deposits or from direct discharge of waste or 
pollutants. Water pollution may be transported through 
hydrological pathways from distant sources or on drifting sea ice. 
Pollutants may include hydrocarbons, metals (eg. lead, mercury), 
nutrients or sediment loads, or organic waste.  Persistent organic 
pollutants (POPs) may also accumulate in the tissues of 
contaminated animals and may affect humans using these animals 
for food.  High exposure levels may include health impacts to the 
central nervous system, child and fetal development problems, 
seizures or death.  It is likely that exposure to many contaminants 
is primarily through food consumption. 
 
On the North Slope sediment loads are highest during the spring 
run-off. Elevated levels of trace metals have been found in 
Prudhoe Bay and the Chukchi Sea but at levels lower that the 
USEPA criteria for marine life protection (4). Hydrocarbon 
concentrations in the Beaufort Sea are also below detrimental 
levels and are unlikely to be from anthropogenic sources.  
 
Terrestrial contamination 
Dump sites, waste storage sites and spills or leaks can contribute 
to contamination on land. Kaktovik and Nuiqsut contain the 
highest number of active contaminated sites in the North Slope 
(7). Outside the North Slope Borough, dust from road traffic 
around mining sites may be responsible for elevated zinc and lead 
concentrations on vegetation and in soils (5). 
Contaminated sites on land may also threaten water quality for 
surface and groundwater sources of water. 

Food security 
 
Food security refers to reliable access to affordable, nutritious, 
and culturally appropriate sources of food.  
 
Access to subsistence resources 
Changes in climate, the environment (e.g. sea ice, thermokarst), 
human activities (e.g. noise, waste discharge) and the presence 
of built infrastructure have the potential to affect the habitat, 
population size and movements of subsistence species. For 
example, marine mammals are sensitive to noise disturbance 
and caribou may alter their behavior in the presence of roads or 
pipelines. Subsistence use areas vary by community and each 
community may face different challenges for accessing 
subsistence resources (e.g. safety for hunters on sea ice, 
changes in caribou migration patterns). Subsistence camps used 
for generations may be lost through erosion of lake and coastal 
shorelines or river banks. This also affects access to food. 
 
Contaminated food  
High contaminant levels of PCBs, DDT or hydrocarbons have not 
been detected from monitoring studies of fish in the North 
Slope. Elevated methyl mercury levels have been found in 
villages south of the study area and higher contaminant levels in 
marine mammals have also been detected. Nursing mothers 
may need to be aware of potentially contaminated caribou meat 
from animals consuming lichens. Although disease outbreaks 
occasionally affect marine mammals and birds there are no 
known major effects on community health through 
consumption of contaminated subsistence food (4). Perceptions 
of the safety of subsistence foods may also influence the use of 
subsistence foods. 
 
Food storage 
Residents of some communities use below-ground food storage 
cellars dug into permafrost. Thawing of permafrost may impact 
their ability to keep food safely stored for extended periods. 
 

 

 
Figure 2. Household adults participating in subsistence activities. Source: Survey of Arctic Living Conditions (6) 
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Non-subsistence food sources 
Changes in the dietary amount of processed food and other 
store-bought food can affect community health by altering 
diets. Income and access to commercial food also plays a role 
in food security. The low incidence of cardiovascular mortality 
in the North Slope has been attributed to the use of 
subsistence resources, while increasing rates of diabetes and 
obesity may be related to greater consumption of 
commercially available foods such as high-sugar content 
drinks.  Higher incidences of tooth decay in rural communities 
have been associated with the affordable, sugary beverages, 
and the lack of consistent and affordable dental care (7). 
 
In 2012 approximately 12.49 % of the North Slope population 
were participants of SNAP (nutrition assistance) (8). Changes 
in access to food or emergency food supplies also affect food 
security.  

 
Trends 
Trends in health problems on the North Slope show increasing 
rates of cancer. Lung cancer is most common, followed by 
colorectal, prostate and breast cancer on the North Slope. 
Increasing injury rates have also been reported as well as 
increasing rates of chronic lower respiratory disease on the 
North Slope. Changes in diet and smoking or chewing of 
tobacco products have been identified as possible causes of 
major health problems in the region, but few studies have 
provided a direct link between contaminant levels and human 
health.  
 

 
 
 
 
 

Uncertainties 
 
Long term monitoring of food security and human health has 
not been consistently applied throughout the North Slope. 
As a result, it is difficult to project impacts of environmental 
contaminants on human health or trends in food security.  
The effects of contaminants from distant sources (e.g. 
airborne contaminants from Asia, radioactive contamination) 
can be difficult to track or regulate. The high incidences of 
health problems such as cancer and cardiovascular disease 
are difficult to ascribe to specific causes making it difficult to 
link changes in the environment to observed trends in health 
problems. The cumulative effects of different factors on 
health are also not well understood although Health Impact 
Assessments are a possible tool to identify the relationships 
between development and human health.    
 
Factors affecting food security differ by village and it is highly 
uncertain how each community may be affected by potential 
events such as large-scale oil spills in the marine 
environment. The proportion of subsistence foods relative to 
commercial foods consumed may also change over time, 
changing the health risks of exposure to contaminated 
subsistence foods, or the potential health impacts from 
consuming more processed food (e.g. tooth decay, 
cardiovascular disease).    
 

 
 
Figure 3. Cause of mortality from 1999-2009 in the Northwest 
Arctic Borough (2) 
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Figure 4. Cause of mortality from 1999-2009 in the North Slope 
Borough (2)  
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Driver interactions 
 
Resource development 
Industrial activities from oil and gas extraction and mining activities 
produce waste that subsequently needs to be disposed in 
permitted locations. State and Federal regulations limit the levels 
of pollutants and contaminants that may become chronic sources 
of exposure to communities. Regulations may require treatment of 
waste materials prior to disposal or plans for long-term 
containment of waste. Point sources of pollution can be monitored 
to track emissions and discharge levels that may affect 
communities in close proximity to contaminants. However 
increased vehicle transportation activity and wide-scale movement 
of airborne contaminants may also affect the health of 
communities not directly exposed to the source of pollution.  
 
The presence of built infrastructure and occurrence of exploration 
activities (e.g. seismic exploration) have the potential to affect the 
behavior, habitat and health of subsistence species. Impacts to 
subsistence harvest activities have to be considered to avoid or 
minimize any disruptions. Other direct effects of resource 
extraction activities on food security may include contamination of 
subsistence food from waste discharge or accidental spills. 
Improvements in employment-based income may in turn affect the 
financial accessibility of either subsistence or store-bought food. 
Economic benefits from resource development may include 
improved access to health and sanitation services. 
 
Although not currently considered a major impact on community 
health, increasing the number of workers from outside 
communities may also bring changes in culture.  
 
 
Other driver interactions 
Climate change is predicted to influence the safety, access and 
storage of subsistence food with potentially negative impacts on 
food security (9). As the region becomes more accessible for travel 
year-round, the influx of human and invasive species may expose 
communities to greater health risks or disruptions in subsistence 
harvest activities.  
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Scenarios for Energy and Resource Development on the
North Slope and Adjacent Seas

Development Infrastructure

Research and Monitoring 
Prioritization for the NSSI

Overview
Owing to its unique geologic setting, the North Slope is rich in 
fossil fuels and other valuable mineral deposits, including oil, 
natural gas, coal, and zinc. The ongoing challenge is accessing 
these resources in an economical way, while minimizing 
environmental impacts that have potential to affect both wildlife 
and the subsistence practices of the native Inupiat people. In 
addition, regulations and global energy market fluctuations 
significantly influence the rate of resource exploration and 
extraction in the region.

Figure 1. Natural resource development on the North Slope.

Sources: 
Alaska DNR Div. of Oil & Gas, Div. of Geological & Geophysical Surveys,
BOEM, BLM, USFWS, NPS, NOAA (IBCAO version 3),
Geographic Information Network of Alaska (GINA)
Map developed by GeoAdaptive LLC, 2014

Summary
Extraction of hydrocarbons and minerals has taken place on 
Alaska’s North Slope for almost 40 years. In particular, oil deposits 
situated along the coast in the vicinity of Prudhoe Bay led to the 
construction of the Trans-Alaska Pipeline System (TAPS), as well 
as roads, drilling platforms, and other supporting infrastructure. 
Mining activities have been concentrated in the western side 
of Arctic Alaska, primarily the substantial zinc deposits in and 
around Red Dog mine. Widespread coal reserves exist, but are 
unlikely to be exploited without shifts in demand that justify 
investment in additional roads to access these resources.

While overall hydrocarbon extraction has been declining, 
exploration of oil and gas prospects has continued, focused in 
NPR-A and the Central North Slope, as well as offshore prospects 
in the Beaufort and Chukchi Seas. New technologies have reduced 
the footprint of exploration and extraction, and may make new 
resources available, such as coal and shale oil and gas deposits. 
Pursuit of these resources depends on the cost to produce and 
transport the products, relative to global energy market prices.

Existing energy and resource development infrastructure on 
the North Slope reflects past expansion into new oil fields. 
Establishment of new anchor developments would require 
additional roads, pipelines, and supporting infrastructure. If 
energy market shifts make other resources more economical, 
such as gas and coal, or there is a major find on the outer 
continental shelf, it could trigger additional construction.
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Figure 2. Mineral deposits and occurrences in the western and central Brooks Range (6).

has also established 3 lease sale regions (see Figure 1), located 
between ANWR and NPR-A, one of which covers the near shore 
portion of the Beaufort Sea, another extending from the coast 
to approximately the same latitude as Umiat, and the Foothills 
area, which extends to the northern boundary of Gates of the 
Arctic National Park & Preserve. The federal government has 
opened some areas of the Beaufort and Chukchi Seas for oil and 
gas exploration, up to the edge of the US Exclusive Economic 
Zone (EEZ). The Bureau of Ocean Energy Management (BOEM) 
manages the energy and renewable energy resources as well as 
mineral resources seaward from the State of Alaska’s three mile 
jurisdiction to the EEZ.

Coal & Mineral Resources

In the western portion of the study region, particularly along 
the coast and in the foothills of the Brooks Range, extensive coal 
deposits have been identified; however, limited exploration has 
occurred because the remote location would require significant 
investment for mining and transportation of the resource. A 
report on coal in the Seward Peninsula noted that “despite these 
large deposits, there is no potential for development unless 
nearby infrastructure were to be developed” (3). Furthermore, 

The presence of petroleum deposits was recognized by the 
United States government early in the 20th century, resulting 
in the designation of the Naval Petroleum Reserve 4 (NPR-4) 
in 1923, which later became the National Petroleum Reserve – 
Alaska (NPR-A). After discovery of oil at Prudhoe Bay in 1968, 
the oil industry expanded rapidly on the North Slope, including 
the construction of the Trans-Alaska Pipeline System (TAPS) 
and a network of pipelines connecting the satellite oil fields 
in the vicinity of Prudhoe Bay to the TAPS system. The Arctic 
National Wildlife Refuge (ANWR) also covers a large area of the 
eastern portion of the study region. While much of the refuge 
is designated as wilderness area, a section of the coastal plain 
(known as the 1002 area) was held aside for potential future 
natural resource exploration. Currently the area is not open for 
development, but may be reconsidered in the future, subject to 
Congressional approval. 

As part of the Alaska Native Claims Settlement Act (ANCSA), 
native corporations have selected lands for which they own both 
surface and subsurface development rights, including portions of 
ANWR and NPR-A. Resource extraction and exploration activities 
are currently occurring on many Alaska Native lands, usually 
through lease agreements with private companies. The state 
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Several oil fields along the coast are also in active production, 
including Milne Point, Northstar, Endicott, and Badami, which 
until recently represented the eastern end of the pipeline 
network. As of winter 2013-2014, an extension of the pipeline 
has been installed to serve the new Point Thomson site. Since 
submission of the initial facility designs in 2009, to the start 
of construction in 2012, most of the gravel pads and pipeline 
connecting to Badami had been completed by the summer of 
2014. Oil production is expected to begin in 2016, and significant 
natural gas reservoirs also exist in the area (4).

Exploration & Development

Around the village of Barrow, natural gas is extracted and 
processed for use by the local community (5). A majority of all 
other extracted hydrocarbons are exported out of the region.
As extraction from the North Slope’s primary oil fields slows 
down (Figure 4), oil companies are searching for new sources in 
order to maintain a steady rate of flow through TAPS. State and 
federal leases are being actively explored in the vicinity of Umiat, 
and recent test wells have been successful. Development and 
exploration is planned in the Mustang, Shark, and Qugruk fields, 
as well as surveys of shale oil deposits along Dalton Highway (5). 
If a significant find is identified and production begins, it could 
serve as an anchor development for additional satellite wells.

In addition to the array of gravel drilling pads around Greater 
Prudhoe Bay, the pipeline network has expanded to the east 
and west to connect satellite developments to the Trans Alaska 
Pipeline System (Figure 5). Approximately 28 miles from Pump 
Station 1 on the pipeline, the Kuparuk oil field has been in 
production since 1981, and several satellite fields are in active 
operation. Further west, production began at the Alpine oil field 
in 2000, and Environmental Impact Assessments have been 
submitted to expand operations into NPR-A, in order to increase 
access to the Colville River unit and begin development of the 
Greater Moose’s Tooth unit. 

Figure 5. North Slope oil and gas facilities (5).

Resource Extraction

Figure 3. Exploration and development expenditures (8).

Figure 4. North Slope oil production (barrels per day) (1).

the 1976 Naval Petroleum Reserves Production Act made the 
NPRA off-limits to coal leasing.

Along the southwestern border of the study region, large zinc 
deposits are being mined, particularly at Red Dog mine (Figure 2). 
The DeLong Mountain Transportation System (DMTS) was built 
for the specific purpose of transporting ore by truck from the 
mine to a port facility south of Kivalina. Other mineral deposits 
in the region would likely connect to the DMTS, in order to use 
the existing infrastructure.
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Uncertainties
In addition to the factors already discussed, including advances 
in technology related to exploration, extraction, and processing 
of hydrocarbon resources, as well as the fate of proposed 
infrastructure investments, many other uncertainties exist. These 
include global oil, gas, and coal markets, taxation and regulation 
of hydrocarbon production, and the discovery of previously 
unidentified or unavailable resource deposits.
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Projected Changes & Trends
Oil and gas development will continue to influence infrastructure 
expansion on the North Slope. A road has been proposed 
from Umiat to the Dalton Highway, which could allow further 
expansion into the foothills region. Increases in natural gas prices 
would highlight the need for a natural gas pipeline in the region. 
Additional gas extraction infrastructure would likely follow in the 
wake of new pipeline construction.

There is potential for further mineral and coal mining to occur 
north of Red Dog mine, which could lead to construction of new 
roads connecting to the existing DeLong Mountain Transportation 
System (3). There has also been a proposal to build a road to 
the Ambler mining district, outside of the study region, which 
could have some influence on transportation infrastructure on 
the North Slope.

Based on long-term projections of OCS drilling in the Beaufort 
and Chukchi Seas, BOEM has made estimates of infrastructure 
needs, which could include dozens of platforms and hundreds of 
miles of pipeline. Tanker ships are an unlikely, though possible, 
alternative to new pipelines for transporting oil from offshore 
platforms. More ports may be necessary to serve additional ship 
traffic, as well.

Other supporting infrastructure that has been proposed in the 
region includes local power generation facilities and transmission 
lines, in addition to fiber optic cables that would provide high 
speed internet connections to Asia.

Monitoring
Numerous scientific efforts have been undertaken to monitor 
the impacts of resource extraction and associated infrastructure 
on the people, wildlife, and landscape of the North Slope. In 
addition, oil and gas companies, as well as state and federal 
agencies, are required to monitor and report on the potential 
effects of existing and proposed resource extraction activities.

Note about this Fact Sheet
This fact sheet has been produced with the goal of providing a 
general description of the infrastructure associated with mineral 
and hydrocarbon extraction on Alaska’s North Slope, as part of 
the project: Scenarios for Energy and Resource Development on 
the North Slope and Adjacent Seas.

Offshore, in the Beaufort Sea, the Liberty field contains an 
anticipated 146 million barrels of oil, and a Development and 
Production Plan is expected to be submitted in December 2014. 
Exploratory wells are also planned for the Sivulliq and Torpedo 
prospects, Smith Bay, and the Burger prospect in the Chukchi Sea 
(5). An offshore anchor development would also serve to attract 
additional exploration and infrastructure in the OCS region.

In the vicinity of Red Dog Mine, mineable zinc deposits have 
been found at the Su-Lik and Drenchwater sites. Coal exploration 
has been conducted in the Deadfall Syncline area along Cape 
Beaufort, however it was not found to be economically feasible 
to develop the resource at this point (3). Permits for coal 
prospecting have also been issued near the eastern edge of the 
Nanusuk Formation, in the vicinity of Toolik Lake, which is more 
accessible due to the proximity to the Dalton Highway.
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Scenarios for Energy and Resource Development on the 
North Slope and Adjacent Seas  Research and Monitoring 

Prioritization for the NSSI 
 

  

Endangered Species Listings & Critical Habitat 

 
Summary 
 
 

 
     Figure 1. Species distributions of ESA-listed and candidate species in the North Slope.  
     Source: NOAA Environmental Response Mapping Application 

Due to the wide distribution of current listed species, 
activities on the North Slope may trigger the ESA’s 
consultation requirement, but only if the activity involves a 
Federal agency (e.g. for a permit, action or funding). 
Currently the only species with designated critical habitat 
in the study region is the Threatened spectacled eider 
(Somateria fischeri).  
 
Concern over mitigation costs or the potential relocation 
of proposed activities may act as a driver influencing 
future resource development in the region. The 
potentially large range of critical habitat may also cause 
concerns about the costs and restrictions for compliance 
with the Endangered Species Act. 
 

The purpose of the Endangered Species Act of 1973 is to 
protect and recover imperiled species and the habitat on 
which they depend. Factors that may contribute to listing 
include habitat loss, overutilization, disease and predation, 
inadequate regulatory protection or other natural or man-
made factors. There are exemptions in the ESA for Alaska 
Native subsistence activities to allow take of listed species. 
On the North Slope several listed species have ranges that 
overlap with areas of current Federal and State active oil and 
gas leases. 
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Critical habitat within the North Slope  
 
Critical habitat takes into account the biological and physical 
features essential for conservation of a species. Important 
considerations for designating critical habitat include space 
for individual or population growth, shelter, food, and 
reproduction. However the potential economic, social and 
national security impacts of designating critical habitat must 
also be taken into consideration. 
 
The only species with critical habitat in the study region is the 
spectacled eider. Breeding pairs nest on the wet coastal 
tundra from April to September. During the nesting season 
important feeding areas include freshwater ponds and 
wetlands where they consume aquatic insects, crustaceans 
and vegetation (1). Although not designated as critical 
habitat, terrestrial regions of the North Slope are important 
breeding areas during spring. Similarly, the Arctic coastal 
plain between Wainwright and Prudhoe Bay is important 
breeding habitat for the Alaska population of Steller’s eiders, 
particularly since breeding is uncommon in other areas of 
their historical breeding range (2).  
 
Critical habitat for Threatened polar bears was designated in 
2010. As of January 2013 the critical habitat designation was 
vacated and remanded by the court back to USFWS for 
further consideration. Key features of polar bear habitat 
included sea-ice habitat for resting, breeding, traveling and 
foraging on ice-associated seals, and coastal barrier island 
and terrestrial habitat for denning, traveling and feeding (3). 
NOAA is in the process of proposing critical habitat for ringed 
seals. 

 
 
 

 
Figure 2. Current critical habitat in the North Slope.  
Source: USFWS 2001 
 
*Different regulations apply to listed plants on private land. 

Overview 
 
Endangered species determinations are made by the U.S. Fish 
and Wildlife Service (USFWS) or National Oceanic and 
Atmospheric Administration (NOAA). There are 20 ESA listed 
plant and animal species in Alaska, but only 5 listed species 
have populations in the study area. A recent court ruling for the  
bearded seal (Erignathus barbatus), puts its listing status under 
additional review.  
 
The listing process can be initiated by a petition from any U.S. 
citizen or organization, or through a status review by NOAA or 
USFWS. It can take several years to finalize a species listing 
during which time available scientific and commercial 
information are reviewed, and the proposed listing is opened 
for public comment. Once a species is listed, it is protected 
from activities that result in “take” (e.g. to harass, kill, harm, 
hunt, collect), unless prior agency consultation, permits or  
agreements between USFWS/ NOAA  and private landowners 
are obtained*. Critical habitat designations occur concurrently 
with species listings when practicable, but insufficient 
information, or the results of an economic impact analysis may 
result in no designated critical habitat or designation at a later 
date. 
 
ESA listed species in study area 
 
ESA listed species occurring in the study area include the 
Endangered bowhead whale (Balaena mysticetus), and 
Threatened ringed seals (Pusa hispida), Alaska population of 
Steller’s eiders (Polysticta stelleri), spectacled eiders, and polar 
bears (Ursus maritimus). Candidate species include Pacific 
walrus (Odobenus rosmarus divergens).  Other species listed 
that could occur but are uncommon in the study area, include 
fin whales (Balaenoptera physalus), Western DPS Steller sea 
lions (Eumatopias jubatus), North Pacific Right whales 
(Eubalaena japonica), humpback whales (Megaptera 
novaeangliae) and the Eskimo curlew (Numenius borealis), 
which may be extinct. 
 
Threats to ESA listed and Candidate species  
 
Climate change and reductions in sea-ice habitat have been 
identified as threats to polar bears, ringed seal and eiders 
affecting resting platforms, denning habitat, and food 
availability. Entanglement in fishing gear, ships strikes and 
anthropogenic noise also threaten the health of listed marine 
mammals but fisheries interactions may be less of a threat 
within the study area. Lead shot contamination, predation by 
foxes and subsistence harvests have been identified as threats 
to nesting Steller’s and spectacled eiders. 
 
Future oil and gas development has also been identified as 
potential threats to the habitat of Steller’s and spectacled 
eiders and may increase disturbance to marine mammals.   
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Trends 
 
There are no trends in the frequency of new ESA listings or 
critical habitat designations when considering all ESA final 
rulings. From 1967 to 2013 there were between 0 and 129 
new ESA listings a year (average 37 listings a year). A total of 
33 delistings for recovered species have been documented 
since 1967 (4, 5) including Alaska-specific delistings for the 
recovered Aleutian Canada goose and the Eastern Distinct 
Population Segment of Steller sea lions. In Alaska 5 species 
populations were listed in the last 10 years. Most of the 
recent ESA proposals for listing in the study area have related 
to climate change and sea ice loss (e.g., polar bear, ringed 
seals). Although critical habitat revisions may involve 
additions or reductions in critical habitat, a broad scale 
review showed that most reviews of critical habitat resulted 
in a reduction in the size of designated areas (6). 
 
 
 

 
Figure 3. Number of species listed by year.  
Source: USFWS Environmental Conservation Online System 
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Uncertainties 
 
Species abundance has historically played a significant role 
in identifying whether a species is in danger of extinction. 
However many species do not have reliable population 
estimates which may affect the listing process.  
 
A precautionary approach for listing species is used 
whereby a species may be listed if it might be impacted in 
the foreseeable future. Under this approach NOAA 
National Marine Fisheries Service recently listed the ringed 
seal as threatened for projected changes in sea ice and 
snow cover. Under such an approach more species may be 
listed due to possible climate impacts. 
 
There is some uncertainty in the incremental additional 
cost for consultations for critical habitat or indirect impacts 
from project delays (3,7) which could affect economic 
analyses when designating critical habitat.  
 
Other identified uncertainties for listed and candidate 
species include the magnitude and effect of threats such as 
sea ice habitat loss, subsistence harvests, disturbances (e.g. 
anthropogenic noise), oil and gas development, pollution 
or a combination of stressors.  In addition to current 
resident ESA-listed and candidate species there is a 
possibility of increasing the number of ESA listed species in 
the study area through northward shifts in species 
distributions. Species population responses to threats are 
difficult to project and ESA listings and critical habitat may 
be challenged in court for additional supporting evidence. 
As species face new threats, population-level responses 
and projected future-use areas may become an 
increasingly important, but highly uncertain part of species 
listings and critical habitat designations.  
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Driver interactions 
 
Resource development 
The wide range of current ESA listed species may involve Federal 
agency consultation for some proposed activities on the North 
Slope and adjacent seas.  New ESA listings or critical habitat could 
involve additional considerations for the location or the seasonal 
duration when construction and exploration activities could 
occur. Activities that could result in environmental disasters (e.g. 
oil spills) also need to consider how activities could affect listed 
species. In addition, activities that cause disturbances (e.g. noise) 
may be modified to reduce take of listed species. Federal 
agencies consultations with USFWS and NOAA, result in the terms 
and conditions that must be followed in allowing proposed 
actions. Future resource development activities that require a 
federal permit, license or funding may also be affected (e.g. 
modifying timing or location of activity) if the action has the 
potential to adversely modify or destroy critical habitat. Future 
critical habitat designations will have to consider the potential 
economic impacts and the effects on the supply and distribution 
of energy (Executive Order 13211).  
 
 
Monitoring 
 
Local, state and federal agencies monitor species distributions 
and population health for ESA listed species and some sensitive 
species that may become listed in the future. Industry also 
supports monitoring studies in areas of interest. NOAA, Bureau of 
Ocean Energy Management (BOEM) and industry support aerial 
and ship-based surveys to monitor marine mammals and benthic 
communities in the Beaufort and Chukchi Seas with a focus on 
potential leasing sites. USGS, the North Slope Borough (NSB), 
Northwest Arctic Borough and Alaska Department of Fish and 
Game conduct tagging studies to track the movements of walrus,  
ice seals, polar bears and bowhead whales. Eiders are monitored 
by the USFWS in coordination with surveys supported by the 
Bureau of Land Management (BLM), BOEM and the National Park 
Service. The distribution and nesting behavior of birds within 
lease sites are also monitored through industry-supported 
programs. Despite these monitoring efforts, there is still much to 
be learned about these listed species. 
 

 
 
Other driver interactions 
Climate change, ocean acidification, invasive species, 
ecosystem dynamics, fisheries interactions and 
additional ‘take’ have the potential to influence new 
ESA listings. In return, ESA listings and critical habitat 
can help conserve populations, sustain subsistence 
species and protect important habitat.   
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Scenarios for Energy and Resource Development on the 
North Slope and Adjacent Seas Research and Monitoring 

Prioritization for the NSSI 
 

Overview 
 
Human-caused environmental disasters are distinct from natural 
disasters such as earthquakes and floods. However, the line 
between human-caused disasters and natural disasters can be 
blurry, such as in 2011 when an earthquake and tsunami caused 
a core meltdown of the nuclear reactors at the Fukushima power 
plant in Japan [2]1. Environmental disasters are those in which 
the majority of direct damage occurs to the natural non-human 
environment, with human, material, and economic losses 
occurring less directly.   
 
Oil spills 
The Exxon Valdez and Selendang Ayu are examples of two large 
scale oil spills in Alaska’s marine environment.  Exxon Valdez, an 
oil tanker, ran aground in Prince William Sound, Alaska, spilling 
an estimated 257,000 barrels (bbl) of crude oil into the Gulf of 
Alaska in 1989 [3]. On December 8, 2004 Selendang Ayu 
released more than 335,000 gallons of fuel oil off Unalaska, 
Island near Dutch Harbor [11].  While oil spills from production 
sites may occur, oil spills are more likely to result from a vessel 
spill. However future expansion of oil production could include 
the US Outer Continental Shelf (OCS) in the Chukchi and 
Beaufort Seas, as well as State waters. 
 
1 The State of Alaska’s Department of Environmental Conservations states that 
from Fukushima, “No levels of public health concern are expected here in 
Alaska” (http://dec.alaska.gov/eh/radiation/). Although there is no nuclear 
energy production in the US Arctic, nuclear powered ships and submarine 
frequently transit Arctic waters and constitute another source of a potential 
human-caused environmental disaster.   

 
 
Considerable concern has been expressed about the ability of 
the oil industry to operate safely and responsibly in US Arctic 
waters, which exhibit extreme weather and dangerous sea ice. 
An oil spill in US Arctic waters could foul the marine and coastal 
ecosystems of NWAB & NSB. The Deepwater Horizon disaster 
in 2010 (Figure 1, source: US Coast Guard), which resulted in 
almost 5 million bbl of oil discharge into the  Gulf of Mexico 
following a well explosion at an offshore rig [4], heightened 
concerns over OCS drilling in the US Arctic. 
 
 

Figure 1. North Slope crude oil tanker spills ≥ 1,000 barrels vs. 
total crude oil loadings and crude oil shipment destinations, 
1974-2008 [5].  
 

Environmental Disasters | Human-caused 
 
Summary 
 
Terrestrial and marine oil spills have been occurring since oil production began on the North Slope and are likely to continue to occur 
at small scales. Regulations can reduce the magnitude and likelihood of environmental disasters, but occurrences are impossible to 
predict accurately. Invasive species are predicted to increase in-step with increasing trans-arctic shipping. The choices of other Arctic 
countries, national and international regulations, economic and political drivers and disaster response effectiveness can affect the 
scale of an environmental disaster’s impacts on ecosystems, cultural and subsistence activities, transportation, human health and 
future development activity in the region. 
  
Threats of large-scale human caused environmental disasters include oil spills, tanker spills, other pollution related to increased 
industrial activities, and invasive species. In addition, the cumulative effects of vessel traffic noise, ballast discharge and tundra 
fires can affect human and environmental health. These could drive changes in regulations, costs for clean-up and mitigation, and 
community views on resource extraction activities. Large scale environmental disasters may influence public support and industry 
decisions for expanding resource development on the North Slope.   
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Shell’s mishaps in 2012 with their US Arctic oil exploration 
vessels Noble Discoverer (Coast Guard violations) and Kulluk 
(lost tow and grounding) furthered concerns.   
 
Noise and vessel traffic 
With expected increases in open water, increases in vessel 
traffic are likely. This raises the likelihood of environmental 
disasters from vessel spills. Increases in vessel noise, and 
ballast discharge may also increase the cumulative negative 
environmental impact of noise-related disturbance, 
pollutants, and introduction of invasive species.  
 
Invasive species: Currently the incidence of terrestrial invasive 
species in the Arctic is low, but may increase as temperatures 
increase. In the marine environment there is a possibility of an 
influx of invasive marine species in the ballast water of 
transiting vessels.  Invasive species can spread naturally, but 
then can be transported to new areas by humans, potentially 
causing extensive harm. Invasive species can reduce native 
biodiversity, increase competition of resources and alter 
habitats with subsequently large economic and ecosystem 
impacts [9].  
 
Fires: Large scale fires affect biodiversity, ecosystems, and 
potentially human health and safety. While lightning is the 
primary source of fires in the study region, increasing human 
presence may also increase the risk of human-caused fires, 
particularly in the proximity of roads and settlements.  

 
 

Trends 
 
One source of marine oil spills in Alaska is tanker vessels that 
transport oil loaded at the port of Valdez, at the end of the 
Trans-Alaska Pipeline Systems (TAPS). While such spills do not 
directly affect the local environment of the Beaufort and 
Chukchi Seas, they are important to consider as it may affect 
how oil that originates from the North Slope is distributed.  
 
A decrease in spills that have occurred since the early nineties 
can be attributed to improved safety regulations.  In addition 
to tankers, sources of marine oil spills include drill platforms 
and offshore pipelines. A recent estimate suggests that for 
platforms on the US OCS between 1964 and 2010 such spills 
≥ 1,000 bbl occur at a rate of .32 per billion of barrels 
produced (Bbbl) and at a rate of .06 spills ≥ 10,000 bbl per 
Bbbl produced (these numbers include the Deepwater 
Horizon spill) [5]. To put these numbers in perspective, the 
Prudhoe Bay oil field alone has produced over 12 Bbbl as of 
2012. Very large (>= 150,000 bbl) oil spills from offshore 
production facilities are low probability, high impact events.   
 
While marine spills pose perhaps the greatest risk for causing 
a major disaster, terrestrial spills should also be considered. 
A recent report initiated finds that between 1971 and 2011 
on Alaska’s North Slope there were 1,577 oil spills larger than 
one bbl from onshore and nearshore production facilities [6]. 
Over 80% of the spills were between 1-10 bbl, 10 spills were 
larger than 500 bbl, and two spills were larger than 1,000 bbl 
(these numbers exclude spills from TAPS).  
 
 

 
 
 

 
 

Figure 2. Annual volume of Alaska North Slope industry spills by spill size class compared to total crude oil production for the years 
1980-2010 [6].    
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The 2006 spill (the large spike in Figure 2) is the largest to have 
occurred on the North Slope and was related to a corroded pipe 
that fed into TAPS. Approximately 5,054 bbl of oil were 
deposited under the snow before an industry employee 
detected the spill. The pipeline was built in the 1970s and the 
spill raised concerns about the state of current infrastructure. 

 
Uncertainties 
 
Oil spill sources: The threat of a marine oil spill disaster in the US 
Arctic motivated the National Research Council to conduct a 
recent study that assesses response capacity across sectors [7]. 
The study identified extreme weather and environmental 
conditions, limited communication, logistical and information 
infrastructure and large geographic distances as factors that 
contributed to the challenges in oil spill response that could 
affect the vulnerability of species, ecosystems and cultures in the 
Arctic [7].  
 
The study offered recommendations based on the evaluation of 
seven scenarios: a passenger cruise ship accident; a large tanker 
spill; a bulk ore carrier driven onshore in bad weather; a tug and 
barge accident; a break in a subsea pipeline from nearshore 
production; a well blowout; and structural failure of an oil 
storage tank. These scenarios expanded the scope of potential 
threats from oil production to include more general maritime 
activities, acknowledging an increasingly wide array of potential 
environmental impacts from industry in the US Arctic.  
 
Modeling spill trajectories: The presence of seasonal sea ice in 
the waters presents challenges for modeling the behavior of oil 
in the marine environment and predicting the spread of a major 
spill. Sea ice would also provide a physical obstacle to response 
vessels in the case of a marine spill.  Additionally, oil trapped in 
ice is more difficult to clean up than oil on open water.  
 Despite the challenges posed by sea ice to modeling the 
movement of an Arctic marine oil spill, efforts are underway to 
assess the potential impact of spills across international borders. 
A recent study analyzed four types of oil spills in the Canadian 
Beaufort Sea and found that modeled surface oil trajectories 
commonly followed a westward pattern, often moving west of 
Point Barrow [8].  
 An important takeaway message from this study is that 
what happens in foreign Arctic waters with regards to future 
offshore oil spills is likely to affect the US Arctic. An offshore oil 
spill in the waters of the Russian Federation also poses a potential 
threat to the study region.   
 
 

 

 
Figure 3. General dynamics and characteristics of sea ice and oil 
interaction [8] (Original figure by Alan A. Allen). 
 
 
 
Impacts of increased vessel traffic: Some ecologists predict that 
the rise of trans-Arctic shipping will increase the presence of 
invasive species in the Arctic, especially in coastal zones as 
species are transported into the region through the ballast water 
of ships and on their hulls.  
      Possible outcomes may include greater opportunities to move 
species large distances over relatively short periods of time and 
substantial increases in invasive species introductions that 
increases the vulnerability of native species and not previously 
exposed to new competitors [10]. Research in this area is just 
beginning, so there is little data on which species may invade the 
Arctic or how quickly new species may become established after 
being introduced.  
 
The cumulative impacts of pollutants discharged in ballast water 
and noise-related disturbances are also difficult to assess. 
 
Developing unconventional oil resources: In addition to current 
resource extraction activities there is some potential for pursuing 
commercial extraction of oil from North Slope shale. Fracking 
activities have been related to environmental issues such as 
groundwater contamination and increased frequency of small 
magnitude earthquakes. 
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Driver interactions 
 
Human-caused environmental disasters in the form of oil spills 
and invasive species are linked to multiple other drivers. An 
offshore oil spill, in the magnitude of Deepwater Horizon, could 
only occur in the US Arctic if oil production expands into the 
offshore environment of the OCS. This expansion, in turn, is a 
function of multiple other drivers, such as economic incentives 
and the political regulatory environment. The damage caused by 
an oil spill is related to the disaster response effectiveness of the 
responsible parties. Similarly, the spread of invasive species is a 
result of increased shipping, which is facilitated by decreasing sea 
ice (see Sea Ice fact sheet) and global economics.  
 
The results of potential human-caused environmental disasters 
also interact with multiple drivers. Perhaps most importantly 
are the potential effects of a marine oil spill on subsistence 
species, like the bowhead whale and multiple other Arctic 
marine, terrestrial, and avian species. Degraded ecosystems, 
either covered in oil or transformed by invasive species, affect 
the cultural activities of North Slope residents.  
 
Advances in new technology to reduce the threat of oil spills 
during production and transportation, and improvements in 
technology for recovery and containment of oil in the event of a 
spill also affect the potential environmental impact.  Research  
on for spill response include improving methods and technology 
for mechanical clean up, in-situ burning, and effects of use of 
dispersants. The challenges of responding to offshore oil spills in 
sea ice has not been extensively tested in field conditions. Even 
with technology advances the time and resources needed to 
implement and coordinate the spill response effort remains an 
important factor in response effectiveness.  
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Scenarios for Energy and Resource Development on the 
North Slope and Adjacent Seas Research and Monitoring 

Prioritization for the NSSI 
 

  

Overview  
 
A healthy ecosystem is an important component of human well-
being, but well-being is an outcome of interactions among 
several factors: basic material for a good life, good social 
relations, health, security and freedom of choice and action (1).  
For this reason, economic, sociopolitical, cultural and religious, 
and demographic drivers interact together, often at more than 
once scale and crossing scales to impact on human wellbeing and 
a range of human activities.   
 
The National Intelligence Council (NIC) predicts that by 2025 the 
international system as it’s existed since World War II, will be 
unrecognizable due to the growing influence of nonstate actors, 
emerging powers and a globalizing economy (2).  The NIC also 
predicts that along these changes in the geopolitical landscape, 
transnational issues will continually change as well, making it 
necessary to shift strategies as needed for continued global 
prosperity.  At any given point in time, global political stability is 
the product of a complex web of international economic, 
political, trade and environmental relations.  Global political 
stability as a whole may be impacted by locally or regionally 
occurring political unrest, economic and resource insecurities 
and natural disasters, just to name a few.   
This may result in what the World Trade Organization (WTO) has 
termed “the vicious circle of political instability” describing the  
 
 

Global Political Stability 
 
Summary 
 
 Global political stability is a complex dynamic system that is 
changing at an unprecedented rate due to globalizing markets, 
climate change, and shifting political powers. Human well-being 
and economic activity are linked to world events which may 
have long-lasting consequences. In the Arctic, oil and gas 
development and shipping are linked to the global political  
environment. While there are examples of political events that 
have had major effects on the price of oil in the past, the 
occurrence and magnitude of such events are difficult to 
predict. 
 
Global political stability is an important driver for industry 
decision-making with respect to choosing locations for making 
large investments, but it can also affect sharing technology 
and resources, and the price of commodities. 

chain of events that unfold from political instability: low 
domestic and foreign investments lead to low economic 
growth, which increases poverty and social conflict, which then 
perpetuates the same process (3).The instruments for directly 
intervening with issues of political stability may include 
diplomacy in the form of international development or trade 
policies, or financial, humanitarian and military support; and 
these may come in the form of unilateral, bilateral or 
multilateral action in nation-state politics.  However, global 
political stability is continually shaped, be it advertently or 
inadvertently, by the everyday dealings of global financial, 
political entities from both the public and private sectors.  
 
Global political stability and political stability in the Arctic 
region interact as well, primarily due to impacts from climate 
change, global demand for oil (a strategic commodity), gas, and 
minerals, and shipping.   
 
Political security  
One of the important aspects of political stability is a lack of civil 
or religious unrest. Where the risk for such insecurities is low 
and institutions are stable, economic stability is more likely to 
take foothold, and opportunities increase for other types of 
capital (e.g. social capital) to flourish.  
 
 
 

 

 
Figure 1. Map of political instability and risk.  
Source: Economist Intelligence Unit (2010).  
http://viewswire.eiu.com/site_info.asp?info_name=instability_map
&page=noads 
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   Arctic Council: The Arctic Council provides a model for 
international cooperation and coordination among Arctic States 
and indigenous communities. The Arctic Council addresses issues 
related to sustainable development and environmental protection. 
The U.S has shown a high level of involvement in Arctic Council 
proceedings and recognizes it as a means to strengthen 
international cooperation (11). 
 
Economic opportunities 
The size, speed and directional flow of economic opportunities may 
signal political (in)stability. Global demand for certain commodities, 
shifting prices, offshore labor practices and the price of 
manufacturing can transfer economic power and can cause 
structural changes in the global economy (2).  The Arctic is likely to 
see increased oil and gas exploration and mining activity, but with 
large uncertainties in the scale of such activities related to 
commodity price volatility, and sovereignty issues among others 
(12). 
 
Environment as capital 
Increasingly, the impacts from global climate change are translated 
into high costs in human, economic, political, and infrastructure 
resources. The increased frequency and severity of natural 
disasters stress already-vulnerable populations.  Migration of 
people from rural to urban areas, and from poorer to richer 
countries is fueled by a gap in economic and physical security 
between adjacent regions (2), as the poorest, most at-risk 
populations seek increased security.  
 

Projected Trends 
 
The following general trends have been predicted by the NIC to 
continue into the next decade of development [2, 7]: 
 
Growing resource constraints will continue to challenge the 
international system: demand for clean and secure energy 
sources and food and water sources will grow faster than 
production rates. 
 
Climate change impacts will continue to limit the available 
options for meeting resource needs, while imposing significant 
costs on infrastructure capital and displacing populations in 
increasing numbers. 
 
Geopolitics of energy will continue to impact global political 
stability, as both high or low energy price levels have major 
political implications.  The flow of energy supply from East to 
West or West to East translates into flow of money and 
becomes a strategic pivot point in world economy and politics.  
OPEC and non-OPEC countries may use this trend to their 
political and economic advantage as was evident during the 
1973/4 oil crisis, and more recently, in the 2013 International 
Energy Agency report on the global rippling effect of a North 
American oil supply shock (4). 

 
 

 
Figure 2: Arctic map of human populations, existing and proposed industrial development and infrastructure, and oil spills. (2) 
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 Economy 

Greater economic development will bring benefits to, and 
demands on, communities across the region (2). Russia has the 
greatest share of circumpolar economy thus far: it derives 12% 
of its GDP from the region (2). Climate change impacts may 
drive economic opportunities as they have the potential to shift 
transportation networks, make new connections in the global 
economy, and open new areas for resource development and 
tourism. But these developments must be balanced carefully 
with risks that may marginalize local communities and damage 
fragile high latitude environments (2). 
 
Human development 
Investing in human capital will be a vital component of 
increasing the region’s adaptive capacity.  Education and 
training helps to meet the cultural, technical, and political 
requirements of successful strategies for sustainable, healthy 
futures. Indigenous leadership will be an important partner in 
adaptive management of these resources (2). 
 
Ecology 
To help ensure the long-term vitality of Arctic ecology and 
planning for sustainable use of its living and non-living 
resources, decision-makers should integrate scientific and 
traditional expertise and explore collaboration among new 
partners (2). 
 

Monitoring 
 
Because of the pace of environmental change, the Arctic region 
is moving into an era of rapid dynamism (2). This is an 
opportunity for international cooperation in the region, as 
stability and prosperity is a collective interest among Arctic 
states.  The future of global security is a bit more uncertain, but 
several efforts are underway to monitor various aspects of 
global political stability, both by public and private sector 
actors. The Global Monitoring for Food Security (7), and the 
Global Monitoring for Environment and Security (8) are funded 
by the European Space Agency, while the Global Governance 
Monitor (9) is a tracking program by the Council on Foreign 
Relations.  These are but a few examples. 
 
The United Nations is the single largest global policy forum, and 
its working groups lead the dialogue over peace and security on 
a global scale.  The diplomatic challenge faced by the UN is the 
ability of states to balance between self-interest and global 
stability (10). 
 

Public Health will continue to be a major factor in global political 
prosperity, as sanitation, nutrition, housing, education, water 
supply pose health challenges -especially so in volatile economic 
and demographic conditions. 
 
Nonstate actors (businesses, tribes, networks etc.) will continue 
to play an important role in global politics, as their relative power 
will grow, resulting in a multiplicity of actors fragmenting the 
international system. This may result in shifting political powers 
among governments and polycentric networks of interests. 
 

Uncertainties 
 
Uncertainties inherent in projecting trends are also a part of the 
likely future landscape of global security.   
 
     Shocks and surprises may occur in the form of a global 
pandemic, nuclear weapons use, and resulting economic 
volatility. Rapidly changing environments may cause political 
turbulence beyond predictions as nations may take unilateral 
actions to secure resources. 
     Geopolitical rivalries may cause shocks and surprises as the 
diverse needs and interests of local, state and regional level 
interests clash on the global stage.  The diversity of stakeholders 
in this arena wield varying levels of influence, for example 
business and industry are central actors in environmental politics 
and policies in all industrialized countries; their lobbying arms 
and trade associations influence policy at all levels (5). 
 
Emerging Arctic Security Challenges 
 
Security 
International conflict is predicted to be unlikely due to the overall 
propensity of Arctic nations to adhere to a rules-based approach 
(2). However, Russia is militarizing its Arctic territories, a move 
that gained pace recently with the opening of Russia’s first Arctic 
Base on Wrangell Island (6). There is little doubt about the 
strategic significance of Arctic territories in terms of marine 
shipping, security and resource development. The U.S. Coast 
Guard and Russian Border Patrol for example, have cooperated 
for decades under a bilateral treaty to manage safety and 
security in the Bering Strait (2). The Nordic Defense Cooperation 
agreement, the North Atlantic Treaty Organization, and the 
European Union form a cooperative, although fragmented 
security organization in this region. But for those who live in the 
Arctic, Arctic security entails a much larger concept that includes 
mitigation of and adaptation to the impacts from climate change.  
 
Development of U.S. coastal infrastructure (e.g. ports) will have 
an important role for the U Arctic in guaranteeing security of 
transportation and potential oil spill response. Advancement of 
U.S. security interests was specifically addressed as a priority in 
the U.S. Strategy for the Arctic (11).  
 
 



Prioritizing Science Needs Through Participatory Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas 

34

 

 

References 
 

1. United Nations MA Working Groups. (2005). 
Millennium Ecosystem Assessment. Retrieved from: 
http://www.millenniumassessment.org/documents/d
ocument.356.aspx.pdf 

2. National Intelligence Council (US). (2008). Global 
Trends 2025: A Transformed World. Retrieved from: 
http://www.aicpa.org/research/cpahorizons2025/glo
balforces/downloadabledocuments/globaltrends.pdf 

3. World Trade Organization (n.d.) Beyond Economic 
Growth: Meeting the Challenges for Global 
Development. [online] URL: 
http://www.worldbank.org/depweb/beyond/global/c
hapter6.html#fig6_4 

4. International Energy Agency. (2013). Supply shock 
from North American oil rippling through global 
markets. Retrieved from: 
http://www.iea.org/newsroomandevents/pressreleas
es/2013/may/supply-shock-from-north-american-oil-
rippling-through-global-markets.html 

5. Desai, U. (Ed.). (2002). Environmental politics and 
policy in industrialized countries. MIT Press. 

6. The Moscow Times. October 22, 2014. Russia’s First 
Arctic Base Opens for Business. Retrieved from: 
http://www.themoscowtimes.com/business/article/r
ussia-s-first-arctic-base-opens-for-
business/509913.html 

7. European Commission Joint Research Centre Institute 
for Environment and Sustainability (IES). (n.d.)Global 
Monitoring for Food Security. [online] URL: 
http://mars.jrc.ec.europa.eu/mars/Projects/Global-
Monitoring-for-Food-Security-GMFS 

8. European Space Agency. (n.d.)Copernicus: Observing 
the Earth. [online] URL: 
http://www.esa.int/Our_Activities/Observing_the_Ear
th/Copernicus/Overview3 

9. Council on Foreign Relations. (n.d.)  Facing Global 
Challenges. [online] URL: http://www.cfr.org/global-
governance/global-governance-monitor/p18985 

10. Council on Foreign Relations. (n.d.)  The United 
Nations and the Future of Global Governance. 
Retrieved from: http://www.cfr.org/international-
organizations-and-alliances/united-nations-future-
global-governance/p29122 

11. United States Strategy for the Arctic Region (2013). 
Retrieved from: 
http://www.whitehouse.gov/sites/default/files/docs/
nat_arctic_strategy.pdf 

 

For more information please contact: 

Dr. John Payne | Director, NSSI 
jpayne@blm.gov 
(907) 271-3431 

Dr. Denny Lassuy | Deputy Director, NSSI 
dlassuy@blm.gov 
(907) 271-
3212  www.northslope.org 

Dr. Juan Carlos Vargas | GeoAdaptive Principal 
jcvargas@geoadaptive.com 
(617) 227-8885 
www.geoadaptive.com 

Dr. Olivia Lee | UAF - PI 
olivia@gi.alaska.edu 
(907) 474-6832 
http://accap.uaf.edu/?q=projects 

 
12. Andrew, R. (2014). Socio-economic drivers of change 

in the Arctic. AMAP Technical Report No 9. Oslo, 
Norway 



Prioritizing Science Needs Through Participatory Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas 

35

 

Scenarios for Energy and Resource Development on the 
North Slope and Adjacent Seas  Research and Monitoring 

Prioritization for the NSSI 
 

  

Overview 
 
The North Slope Borough encompasses nearly 87,861 square 
miles and almost 9,700 people reside in its eight 
communities, resulting in the least inhabited region of Alaska 
(0.1 persons vs. 1.2 persons per square mile statewide). More 
than half of the population is Alaska Native or American 
Indian with the majority being Iñupiat. On average, 
households in the North Slope Borough are larger (3.7 
persons) compared to the statewide average (2.7 persons). 
The population contains a lower percentage of women (38 
percent) compared to the statewide proportion of females 
(48 percent). The median household income between 2008 
and 2012 was $76,679, above the median household income 
for Alaska as a whole which was $69,917 (9).  
 
Despite the low population density, the North Slope Borough 
has one of the largest local economies in Alaska due to being 
host to the production center for the state’s oil industry. Two 
distinct economies exist, the oil industry with its support 
services and the remaining communities and their mixed cash 
subsistence economies (1, 2). In the first quarter of 2014, 
more than 15,300 jobs were reported to be located within 
the North Slope Borough. The majority of jobs, 72% (11,100 
jobs) are associated with the oil fields with the remainder in 
local communities. A little less than two thirds of the oil field 
jobs are held by Alaska residents with the remainder held by 
commuters from out-of-state (8,10).  
 
Local public revenue for the North Slope Borough 
government highly depends on collection of property taxes 
related to the oil industry. In 2013 the Borough collected 
$348 million from oil companies in form of property taxes, 
equaling 99 percent of total property tax revenue for the year 
(8).  
 
 

Local Economy | North Slope  
 
Summary 
 
The North Slope Borough hosts the enclave production center for the oil industry. Consequentially, a high proportion of the 
Borough’s tax revenue comes from property tax collections. Local residents only hold a small amount of jobs in the oil patch with 
most jobs being associated with a large public sector. The Arctic Slope Regional Corporation (ASRC) is one of the largest Native 
owned businesses in Alaska and owns large mostly undeveloped natural resources. Together with village corporations, Native 
owned businesses provide many of the private sector jobs in the eight communities. Subsistence continues to play an important 
economic, social, cultural, and spiritual role in the local economy.  
          
The local economy on the North Slope is closely linked to the oil industry as an important source of revenue.  A balance to meet 
wage employment and subsistence needs in the local economy may drive support for continued oil production or possible future 
diversification to other industries to obtain a sustainable source of revenue. 
 

Currently, the NSB government is the largest employer 
of NSB residents in the region. NSB gets most of its tax 
revenue to fund government operations from property 
taxes on high valued onshore oil and gas infrastructure. 
In 2012, for example, NSB received $322 million, and 
$43,959 per capita, in revenues from oil and gas 
property taxes (ADCCED). Future development and 
production of oil and gas that requires new onshore 
infrastructure would substantially increase NSB property 
tax revenues and have the opportunity to provide even 
more jobs to local residents, who in turn would spend a 
portion of their income locally.  
        Local tax revenue supports a little over 1,900 local 
government jobs. Non-oil private sector employment is 
low, and a much lower percentage of women own 
businesses (12 percent vs. 26 percent statewide). Retail 
is the largest private industry followed by education and 
health care. Native Corporations provide most of the 
private sector jobs. The Arctic Slope Regional 
Corporation (ASRC) is the largest Native owned business 
in the region and one of the financially strongest Native 
organizations in Alaska. ASRC has many subsidiaries that 
are headquartered outside of the region, and it owns 
vast land holdings with untapped resources including oil, 
coal, and minerals. Village corporations also own land in 
the vicinity of their communities and are involved in 
business operations providing local wage earning jobs (2, 
5, 9). 
     The State of Alaska is another important source of 
revenue, and provides important contributions for K-12 
education, and health and social services funding. 
Government workers in villages may also receive salaries 
from the state or passed through the state. 
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Besides wage earning employment, the local population 
particularly Alaska Native people are engaged in subsistence 
with wage earning opportunities comprising an important 
source of cash income that allows the purchase of equipment 
and fuel (6). With an estimated 438 pounds of usable weight of 
wild foods per person per year, communities of the North 
Slope harvest more wild foods than any other region in rural 
Alaska and about twenty times more than Alaskans living in 
urban parts of the state. The most important subsistence 
resources are marine mammals, but game as well as plants and 
berries are also harvested. For many, subsistence is a way of 
life that includes vital economic, social, cultural and spiritual 
dimensions beyond the provisioning of nutritious foods (1, 2).  
 
Participation in the non-cash economy is partly offset by the 
high cost of living in the North Slope Borough. A standardized 
basket of goods and services is 50 percent higher in Barrow 
than in Anchorage and likely even higher in more remote 
communities of the region. The North Slope Borough is the 
only borough in Alaska subsidizing a centralized water and 
sewer system as well as subsidizing energy sources for 
residential use such as heating fuel. In Alaska, Barrow and 
Nuiqsut are the only rural communities to have natural gas 
turbines for generating electricity other than Southcentral 
Alaska, which results in energy costs much lower compared to 
other rural communities of the state. In communities other 
than Barrow, difficulty in fuel delivery results in high costs for 
electricity and heat (2, 7). Barrow is also the hub for fuel to 
arrive by barge or to be rolligoned in for villages like Atqasuk.  
 

 
Figure 1. Net migrants between North Slope Borough and southcentral population centers. Graph does not show population 
trends in the North Slope Borough, only net migrants from the North Slope Borough to other Alaska population centers 
Source: Alaska Department of Labor and Workforce Development, ISER 
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Trends   
 
The local economy will continue to be highly dependent on 
cash coming into the region through taxation from the oil 
industry. Just like the state economy, the local economy of 
the North Slope will continue to face declining oil production 
and potential budget shortfalls associated with the decline. 
But there are also potential future opportunities related to 
investments in future oil and gas development on the North 
Slope and Outer Continental Shelf. In addition to wage 
earning opportunities that arise through spending of oil-
related property tax revenue, the subsistence economy will 
continue to provide important social, cultural, and economic 
goods and services to the local population and comprise a 
backbone for the long term viability and resilience at the 
community level.  
           Most recent population projections predict a decrease 
in the next two decades before slightly rising again to 
current levels by 2040 (4). In the 1990s, out-migration to 
larger urban areas has slowed local population growth but 
the overall population continued to grow due to its high 
birthrate (2). Looking at the in-state migration pattern 
between the North Slope Borough (NSB) and Anchorage, 
Mat-Su, and Fairbanks (Fig. 1), the past ten years showed 
that fewer people left the North Slope Borough to reside in 
Alaska’s main population centers compared to ten years ago 
(3). This trend may indicate a slowing of out-migration 
observed in the 1990s as more people return than leave the 
NSB.  
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Shareholders of Alaska Native Regional and Village 
corporations could also stand to benefit economically from the 
recent creation of a new company referred to as the Arctic 
Iñupiat Offshore, LLC (AIO). According to a July 31, 2014, press 
release, Arctic Slope Regional Corporation (ASRC) and six North 
Slope Alaska Native Villages have joined together to create a 
new company known as the Arctic Iñupiat Offshore, LLC (AIO).  
 
The members of AIO are ASRC, Ukpeaġvik Iñupiat Corporation, 
Tikigaq Corporation, Olgoonik Corporation, Kaktovik Iñupiat 
Corporation, Atqasuk Corporation and Nunamiut Corporation. 
Communities represented by these corporations include 
Barrow, Point Hope, Wainwright, Kaktovik, Atqasuk and 
Anaktuvuk Pass. The Village Corporations for Point Lay and 
Nuiqsut were not included in the AIO, but still have the option 
to become part of the joint venture. 
 
According to the press release, AIO’s primary focus is creating 
alignment for responsible development within the Arctic Slope 
region, planning for the future, providing a voice for Arctic 
Slope Iñupiat with a seat at the development table, and 
economic stability. Toward that end, AIO and Shell Gulf of 
Mexico Inc. (Shell) entered into a binding agreement that will 
allow AIO the option to acquire an interest in Shell’s Chukchi 
Sea leases and projects on the leases. Under the option 
agreement, Shell will assign AIO an overriding royalty interest 
in oil and gas produced from specific leases in the Chukchi Sea. 
AIO would also have the option to obtain a working interest in 
leases owned by Shell at the time Shell proceeds with 
development and production. 
 
AIO does not pertain to leases in the Beaufort Sea. 
The overriding royalty interest would provide AIO a share of 
revenues from production, free of all costs. This would 
guarantee AIO a share of the revenues from production of 
Chukchi leases held by Shell without incurring any of the risks 
or costs of that production. If AIO obtains a working interest, it 
would be obligated to pay a percentage of development and 
production costs, and would receive a share of the production 
profits after royalties have been paid. Some of the revenue to 
AIO from the royalty or working interest would be distributed 
as dividends to the shareholders of its member Native 
corporations.  
 
The AIO represents another potential source of revenue for 
shareholders who could reside anywhere - in the NSB, the 
State, or elsewhere. The economic effects from any revenues 
distributed to shareholders of the AIO member corporations 
could be widespread. This potential increase in AIO revenues 
and shareholders’ income could create additional jobs and 
generate other types of income, as AIO invests in projects and 
shareholders spend some of their dividends from AIO (11). 
 
  

  

Uncertainties 
 
Similar to Alaska’s State economy, the high dependence on 
revenue from the oil industry leaves the local economy closely 
linked to industry activity. Uncertainties in revenues are 
related to changes in taxable infrastructure (e.g. infrastructure 
reaching the end of its useful life, or no new infrastructure 
being built). These forces are out of the control of local people. 
The long-term viability of the local economy will depend on 
local capacity for resilience, and the ability of locals to protect 
their subsistence resources, while  at the same time harnessing 
economic opportunities related to continued resource 
development on Alaska’s North Slope. The challenge will be to 
strike a balance between these opposing factors. 
 
Driver interactions  
 
Petroleum resource development has a large impact on job 
and wealth creation in the North Slope Borough just like it 
does for the Alaska economy as a whole. It provides cash 
income and supports direct and spin-off economic activity in 
the Borough. Declining petroleum production can result in a 
contracting local economy and reduction in public services 
potentially leading to increased outmigration.  
 
The health and abundance of marine mammals and other 
subsistence resources is a vital part of the subsistence 
economy. Changes in the abundance of wild foods will have 
implications for local community viability, food security, and 
the cultural and spiritual health of local people.  
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Scenarios for Energy and Resource Development on the
North Slope and Adjacent Seas

New Technology

Research and Monitoring 
Prioritization for the NSSI

Overview

As technologies for hydrocarbon exploration, extraction, and 
processing improve, they are providing methods to increase 
and extend the productivity of existing oil fields, as well as 
making it more economically feasible to pursue unconventional 
hydrocarbon sources, such as heavy and viscous oil, shale oil and 
gas, and methane hydrates. Many of these new technologies 
are still in the testing phase, and have not yet been applied 
commercially; however, the existence of large deposits of 
unconventional hydrocarbons on the North Slope may result in 
wider use of these novel approaches in the future.

Figure 1. Projection of US oil production by type (3)

Summary
Advancements in drilling and exploration technology have 
been critical to improving identification and recovery of 
hydrocarbons from existing conventional and unconventional 
sources. As known light oil reservoirs on the North Slope 
become depleted, Enhanced Oil Recovery techniques have 
made it possible to continue extraction in these fields, as well 
as increasing access to less conventional heavy and viscous oil 
deposits. Outer Continental Shelf (OCS) exploration has also 
relied on improvements in semi-submersible drilling rigs, well 
containment systems, and seismic surveys to characterize these 
offshore hydrocarbon resources.

Other unconventional hydrocarbon sources are being explored 
using new methods, including hydraulic fracturing (“fracking”) to 
extract tight oil from shale formations, as well as a pilot project 
that used CO2 to displace methane from gas hydrate formations. 
Underground coal gasification is also being researched. Each of 
these resources exists in abundant quantities in northern Alaska, 
and may be more economically-feasible to pursue in the future.

The potential for prolonging hydrocarbon extraction from 
existing reservoirs, allowing access to unconventional oil 
and gas, and enabling exploration and development of 
new conventional hydrocarbon deposits suggests that new 
technology may be an important driving force for the future of 
resource development on the North Slope and adjacent seas.
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Figure 2. Enhanced Oil Recovery using CO2 (water alternating gas) (5).

Another technique for enhancing recovery is injecting carbon 
dioxide or natural gas to increase pressure in the reservoir, 
thereby forcing more oil towards production wells. This method 
is sometimes referred to as water alternating gas (WAG) injection 
(see Figure 2). Natural gas is more commonly used on the North 
Slope because there is an abundant supply, and commercial 
production is not currently an option, without construction of 
a new pipeline. This technique is currently being applied in the 
Greater Prudhoe area.

Other modern drilling and extraction methods have been 
successfully applied on the North Slope. Multilateral and 
directional drilling, in particular horizontal and extended reach 
drilling, have enhanced productivity from existing wells, and 
made it easier to access offshore fields from land-based drilling 
platforms (1). Another approach that has been tested in a pilot 
project in the Ugnu Formation is called Cold Heavy Oil Production 
with Sand (CHOPS), which pumps sand and oil simultaneously 
and later separates the solids from the mixture (7).

Enhanced Oil Recovery

Several methods for improving the rate and overall recovery 
of oil from both conventional and unconventional sources are 
currently being explored. These Enhanced Oil Recovery (EOR) 
techniques can employ heat, water/chemicals, or gases (including 
natural gas) to increase production from existing wells. Thermal 
EOR requires production of steam, which is more challenging 
(both physically and economically) on the North Slope due 
to the extreme cold, and loss of heat as it is pumped through 
permafrost (9).

Water flooding is a process which involves pumping seawater 
or low salinity water into injection wells, which subsequently 
forces oil towards one or more production wells. Trials using low 
salinity water were conducted at the Endicott field during the 
2008-2009 season. This process can be enhanced through the 
use of polymers, which increase the viscosity of the water being 
pumped into the reservoir. This method is particularly useful for 
viscous oil extraction.
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Figure 3. Northern Alaska Gas Hydrate Total Petroleum System (TPS). (10).

Accessing OCS Resources

Significant interest has been shown in exploring and developing 
Outer Continental Shelf (OCS) hydrocarbon resources. In the past 
several decades, multiple 2D and 3D seismic surveys have been 
completed in the Chukchi and Beaufort Seas. Some of the primary 
challenges with exploration and well development on the OCS 
are the short open water season, protecting infrastructure from 
ice during the harsh arctic winter, and, mitigating impacts to 
marine mammals (6).

Some existing technology has already served to make offshore 
drilling possible, including semi-submersible, floating production 
platforms, quick disconnect systems, and well containment 
systems. Additional issues include the construction of buried 
offshore pipelines that can withstand sea ice, developing 
platforms that can operate through the winter months, and 
limiting impacts to marine wildlife and shallow permafrost (6).

Other Unconventional Sources

In addition to heavy and viscous oil deposits, a range of other 
unconventional hydrocarbon resources exist on the North Slope, 
and may play a greater role as energy sources with the advent of 

new technologies. Shale oil and gas deposits have been identified 
in the Central North Slope, in the Shublik and Kingak formations. 
Leases are currently being explored through 3D seismic surveys, 
and planned extraction would rely on hydraulic fracturing 
techniques which are currently being used in other shale 
formations in the lower 48 states. Pilot projects and sufficient 
available water will be required to ensure this resource is worth 
pursuing on a larger scale (2). The introduction of 4D seismic 
technology has also made it possible to monitor these subsurface 
deposits over time, and track changes once extraction has begun, 
which can aid in the identification of unproduced pockets that 
may be economic to pursue at a later date.

Methane hydrates represent another significant untapped 
resource on the North Slope. Based on an assessment by the 
USGS, between 25 and 158 trillion cubic feet of methane may 
be contained in the region’s hydrate formations. The distribution 
of this resource spans the NPR-A, Greater Prudhoe Bay, and 
the 1002 Area of ANWR, as shown in Figure 3 (10). Existing 
methods have been shown to allow extraction of gas from these 
accumulations, such as depressurization and CO2/CH4 exchange, 
which was verified at the Iġnik Sikumi test well from 2008-2012 
(8).
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Uncertainties
Many variables factor into the potential applicability of new 
technologies on the North Slope. While Enhanced Oil Recovery 
techniques and hydrologic fracturing to recover shale oil and gas 
are proven in other parts of the world, the extreme conditions 
on the North Slope may limit their utility. In addition, the prices 
of oil and gas will affect whether the cost of implementing these 
technologies on a larger scale will be profitable. Discoveries of 
new conventional sources in the region may also shift the focus 
away from alternate techniques of accessing less conventional 
hydrocarbon deposits.
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Projected Changes & Trends
Recent pilot projects on the North Slope have focused on 
extending the life of oil fields in the Greater Prudhoe complex, 
as well as exploring options for methane hydrate extraction. The 
direction of research and development of technology related 
to these resources will be driven in part by the expansion of oil 
exploration in the OCS, as well as the decision about whether to 
construct a gas pipeline. As production rates continue to decline 
from mature fields, there will be more pressure to implement 
new methods of developing heavy and viscous reservoirs, in 
order to ensure the TAPS system maintains enough volume to 
remain functional.

Note about this Fact Sheet
This fact sheet has been produced with the goal of providing 
a general description of new technology associated with 
hydrocarbon extraction on Alaska’s North Slope, as part of the 
project: Scenarios for Energy and Resource Development on the 
North Slope and Adjacent Seas.

Due to the remote location of coal deposits, and lack of road or 
rail infrastructure to access them, mining of coal has not been an 
economically-feasible option on the North Slope. Underground 
coal gasification (UCG) is one alternative method for developing 
this energy resource without extensive mining operations. The 
process converts coal to synthetic gas (syngas), which contains 
methane, hydrogen, and other gases (4). Unless a gas pipeline 
is constructed to transport the methane collected using these 
methods, additional processing (such as Gas to Liquids (GTL) 
generation of synthetic crude) would be necessary in order to 
transfer the product through the TAPS pipeline.
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Scenarios for Energy and Resource Development on the
North Slope and Adjacent Seas

Land Cover and Change on the North Slope

Research and Monitoring 
Prioritization for the NSSI

Overview
Land cover classification is the process of designating areas 
of land into a limited number of categories, based on factors 
such as vegetation type, hydrology, geomorphology, and the 
level of anthropogenic influence. Classification is frequently 
performed using a combination of field observations in 
conjunction with a semi-automated spatial analysis of satellite-
derived imagery. Using measurements of reflectance across 
a range of wavelengths of visible and near-infrared, remote 
sensing software can be trained to classify areas of land based 
on the unique combinations of values associated with each 

Figure 1. (a) North Slope land cover classification. (b) Land cover by total area. Source: Ducks Unlimited, 2013

Summary
“Land cover is the biophysical state of the earth’s surface and 
immediate subsurface” (Turner et al, 1995). In other words, 
land cover describes the  vegetation, soil, hydrology and other 
natural features of a landscape. This is distinguished from land 
use, which refers to  the ways in which lands are manipulated 
and utilized  by people. Generally, land cover is grouped 
into  several distinct categories (or “classes”) describing the 
unique characteristics of each area of land within a region.

The process of evaluating land cover and its change over 
time is a method of determining the effects of natural and 
anthropogenic processes on the landscape.  On the North Slope, 
these processes include climate change, erosion, tundra fires, 
and human activities, particularly oil and gas development.

Land cover change can be assessed through periodic and 
systematic field observations of vegetation, geomorphology, and  
man-made structures. These observations can be used to validate 
more automated approaches, such as the use of satellite imagery  

to analyze land cover changes remotely. Previous  evaluations 
of land cover from satellite imagery focused on different  
portions of the region and used different classification criteria 
to evaluate land cover. Future land cover analysis will benefit 
from the use of more consistent and replicable approaches 
to enable more robust assessments of land cover change.
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Figure 5. Infrastructure expansion at Pt. Thomson. Source: ExxonMobil, 2013

land cover type. Through a process of field validation, the 
accuracy of these satellite land cover classifications can be 
evaluated and refined as more detailed data becomes available.

The North Slope is divided into three broad regions: the 
Coastal Plain, the Brooks Foothills, and the Brooks Range. 
Each region is dominated by different types of vegetation 
and surface hydrology. In the Coastal Plain, wet sedge is 
dominant, while the shrub tussock tundra and tussock tundra 
categories are most abundant in the foothills region. Along 
the ridgeline of the Brooks Range, the most prevalent land 
cover type is alpine tundra or barren land, whereas mixed 
shrub-sedge tussock tundra is found at lower elevations (1).

While permafrost is found throughout the North Slope, there are 
distinct differences in geomorphology within each of the three 
regions described above. The steep, rocky slopes and summits of 
the Brooks Range are the source of many streams and rivers, and 
also contain some remnant glaciers. Within the foothills region, 
slopes are more gradual and characterized by a combination of 
ridges with rocky outcrops, and narrow valleys containing glacial 
deposits and braided streams. Finally, the relatively flat tundra 
of the Coastal Plain is largely shaped by the freeze-thaw cycle. 
Ice-wedge polygons are extensive, and result from the expansion 
of ice wedges within voids in the permafrost. Close to half of the 
region consists of thaw lakes, and numerous wetlands and braided 
streams provide important habitat during the warmer months (1).

Transformation of the landscape

Land cover changes occur in part due to natural processes such as 
tundra fires, erosion, and climate change (which influences factors 
such as thawing permafrost and shifts in the hydrologic cycle).  

Human activity can also play a significant role in localized changes 
to the landscape. In recent decades, the construction of permanent 
roads and municipal infrastructure, such as schools and public 
utilities, has expanded the footprint of the larger settlements, 
particularly Barrow. During the Cold War era, distant early warning 
(DEW) line radar sites were also established along the North Slope. 

Resource Development

Resource development has played a role in land cover change, 
as the phases of exploration, extraction, and transportation all 
require expanding access to remote areas of the region. Beginning 
in Prudhoe Bay in 1968, the discovery of oil led to construction 
of the Dalton Highway and Trans Alaska Pipeline System, as well 
as a network of pipelines connecting satellite oil fields to the 
Prudhoe Bay complex. The expansion of drilling activities has 
also necessitated the use of large volumes of gravel to provide 
a base for drilling pads, roads, and other oil production facilities, 
including artificial islands near the coast. As shown in Figure 4, 
the total area of oil and gas infrastructure as of 2010 was over 
7,000 hectares, with close to 1,000 linear kilometers of roads 
and causeways. Seismic exploration vehicles have also caused 
long-lasting effects to tundra vegetation and permafrost (4).

As of 2001, about 1% of the total impacted area has undergone some 
level of habitat restoration or rehabilitation. New techniques, such 
as ice roads and platforms and improved exploration and drilling 
methods, have reduced the need for gravel in recent years (3).

Figure 3 is an example of coastal land cover change 
associated with the development of the Pt. Thomson site 
east of Prudhoe Bay, including gravel and the construction 
of structures used for hydrocarbon extraction and storage.
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Figure 4. North Slope infrastructure expansion from 1968 to 2011. (a) Total quantity of each infrastructure type. 
(b) Cumulative road length (km). (c) Area impacted (ha) by infrastructure type. Source: Raynolds, et al, 2014

Projected Changes & Trends
Resource Development

Based on historical rates of oil and gas infrastructure expansion, 
it has been estimated that the gravel footprint by 2025 may 
exceed 10,000 acres, with a total affected area upwards of 
18,000 acres. This does not include other potential major 
projects, on the scale of the Dalton Highway or TAPS pipeline. 
Expansion of natural gas extraction, particularly in the light of 
the new proposed pipeline, is likely to add to this estimate. 
While substantial coal deposits exist on the North Slope, the 
lack of transportation infrastructure and challenges related 
to the arctic climate would limit any mining efforts without 
significant subsidies or improvements in technology. Mining 
operations in the western part of the North Slope, including Red 
Dog mine, do not cover a large area, but future development 
may take advantage of the DeLong Mountain Transportation 
System used to transfer ore to the port at Kivalina (3).

Climate Change

Additional land cover changes are anticipated as a result of 
climate change. Thawing permafrost will impact the stability 
of infrastructure and reduce the length of the winter drilling 
season. General warming and an increase in the length 
of the growing season could also trigger transitions in the 
distribution of different types of vegetation, including the 
potential spread of woody plants. Coastal erosion is expected 
to continue, and likely to increase with rising temperatures 
and reductions in the thickness and duration of sea ice.

Changes in precipitation patterns may also result in long-
term changes to average winter snow pack and the volume of 
runoff generated by the spring melt, which would also have 
implications on vegetation distribution throughout the region (3).
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Uncertainties
Tundra land cover is generally classified as wet, moist, or 
dry; however, these designations are highly dependent on 
seasonal and interannual variations in climate, which presents 
a challenge to the evaluation of long-term land cover change.

In addition, the short growing season and abundant 
clouds, fog, and ice cover on the North Slope increase the 
difficulty in developing reliable land cover classifications. 
Specifically, because satellite images from multiple dates 
are necessary to construct a continuous cloud-free image 
mosaic of the region, different stages in vegetation 
growth and moisture levels lead to inconsistent results.

Projected land cover changes are contingent upon a large number 
of variables, including global oil and gas markets, improvements 
in exploration, drilling, and transportation technology, and 
the intensity of climate change impacts. These uncertainties 
must be considered in any estimates of future change.
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Classification efforts on the North Slope

On Alaska’s North Slope, several land cover classifications have 
been performed since the 1980’s, when higher resolution satellite 
imagery began to be more widely available. The coverage of these 
datasets varies from specific study areas, such as NPRA or ANWR, 
to the entire North Slope region. In addition, the methodology 
used to develop these classifications was not consistent. Based 
on the best available satellite data, each analysis used a mosaic of 
images from different years, and in some cases different satellites. 
Different classification techniques were applied and a range of 
spatial resolutions and land cover categories were included in the 
final products, making comparison between datasets difficult.

Previous work to classify land cover on the North Slope has 
focused primarily on distinguishing between various types 
of tundra vegetation, as well as hydrologic characteristics. In 
addition to the common categories of water, bare land, and ice, 
most existing classifications distinguish between a range of shrub 
sizes, tussock tundra, and graminoid species such as sedges.

In total, eight different land cover classifications were assessed 
as part of this knowledge review, covering a period of 32 
years (1981 – 2013). Table 1 provides details on the coverage 
area and number of land use classes derived through each 
of these classification efforts. It is important to note that 
several of the land cover assessments did not include field 
verification. Due to the variability in the accuracy and extent 
of the available datasets, a quantitative analysis of land cover 
change is not appropriate. However, using available data on 
the location of North Slope infrastructure and erosion, a more 
qualitative assessment of changes to the landscape is feasible. 
The results of this analysis will assist in the development of 
land cover projections for the scenario modeling process.

Monitoring

Table 1. Historical land cover classification data for the North Slope

Year Coverage # of 
Classes

Source Pixel Size 
(meters)

Field 
Validated

1981 NPRA only 10 USGS 50 No

1982 ANWR only 12 USGS 50 Yes

1987 Beechey Point 7 USGS 50 Yes

1997 Kuparuk River 8 INSTAAR 50 No

1998 NPRA only 19 BLM / Ducks 
Unlimited

30 Yes

1999 Region-wide 9 INSTAAR 100 No

2001 Region-wide 16 MRLC (NLCD) 30 Limited

2013 Region-wide 24 BLM / DU / MTRI 
/ Spatial Solutions

30 Yes
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Scenarios for Energy and Resource Development on the
North Slope and Adjacent Seas

Resource Extraction & Infrastructure

Research and Monitoring 
Prioritization for the NSSI

Overview
Owing to its unique geologic setting, the North Slope is rich in 
fossil fuels and other valuable mineral deposits, including oil, 
natural gas, coal, and zinc. The ongoing challenge is accessing 
these resources in an economical way, while minimizing 
environmental impacts that have potential to affect both 
wildlife and the subsistence practices of the native Inupiat 
people. In addition, the combination of federal regulations, 
state tax policies, and global energy market fluctuations 
significantly influences the rate of resource exploration and 
extraction in the region.

The presence of petroleum deposits was recognized by 
the United States early in the 20th century, resulting in the 
designation of the Naval Petroleum Reserve 4 (NPR-4) in 1923, 
which later became the National Petroleum Reserve – Alaska 
(NPR-A). After discovery of oil at Prudhoe Bay in 1968, the 
oil industry expanded rapidly on the North Slope, including 
the construction of the Trans-Alaska Pipeline System (TAPS) 
and a network of pipelines connecting the satellite oil fields 

Figure 1. Natural resource development on the North Slope.

Sources: 
Alaska DNR Div. of Oil & Gas, Div. of Geological & Geophysical Surveys,
BOEM, BLM, USFWS, NPS, NOAA (IBCAO version 3),
Geographic Information Network of Alaska (GINA)

Summary
Extraction of hydrocarbons and minerals has taken place on 
Alaska’s North Slope for over 30 years. In particular, oil deposits 
situated along the coast in the vicinity of Prudhoe Bay led to the 
construction of the Trans-Alaska Pipeline System (TAPS), as well 
as roads, drilling platforms, and other supporting infrastructure. 
Mining activities have been concentrated in the western side 
of Arctic Alaska, primarily the substantial zinc deposits in and 
around Red Dog mine. Widespread coal reserves are available, 
but not economically feasible to exploit without investments in 
additional transportation infrastructure or new technology.

While overall hydrocarbon extraction has been declining, 
exploration of new oil and gas fields has continued, focused 
in NPR-A and the Central North Slope, as well as offshore 
prospects in the Beaufort and Chukchi Seas. New technologies 
have reduced the footprint of exploration and extraction, and 
may make new resources available, such as coal and shale oil 
and gas deposits. Pursuit of these resources depends on global 
markets and investments in large-scale infrastructure projects.
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Figure 2. Mineral deposits and occurrences in the western and central Brooks Range. Source: Kelley (USGS), 2008.

the lease sales in these regions; most of the interest has been 
focused on outer continental shelf (OCS), specifically on Hanna 
Shoal in the Chukchi Sea, and closer to the coast in the Beaufort 
Sea.

Coal & Mineral Resources

In the western portion of the study region, particularly along 
the coast and in the foothills of the Brooks Range, extensive coal 
deposits have been identified; however, limited exploration has 
occurred because the remote location would require significant 
investment for mining and transportation of the resource. As 
noted in a report on coal in the Seward Peninsula, “despite 
these large deposits, there is no potential for development 
unless nearby infrastructure were to be developed” (3). 

Along the southwestern border of the study region, large zinc 
deposits are being mined, particularly at Red Dog mine. The 
DeLong Mountain Transportation System (DMTS) was built for 
the specific purpose of transporting ore by truck from the mine 
to a port facility south of Kivalina. Other mineral deposits in the 
region would likely connect to the DMTS, in order to utilize the 
existing infrastructure.

in the vicinity of Prudhoe Bay to the TAPS system. The Arctic 
National Wildlife Refuge (ANWR) also covers a large area of the 
eastern portion of the study region. While much of the refuge 
is designated as wilderness area, a section of the coastal plain 
(known as the 1002 area) was held aside for potential future 
natural resource exploration. Currently the area is not open for 
development, but may be reconsidered in the future. 

As part of the Alaska Native Claims Settlement Act (ANCSA), 
native corporations have selected lands for which they own 
both surface and subsurface development rights, including 
portions of ANWR and NPR-A. Resource extraction and 
exploration activities are currently occurring on many of 
these lands, usually through lease agreements with private 
companies. The state has established 3 lease sale regions 
between ANWR and NPR-A, one of which covers the near shore 
portion of the Beaufort Sea, another extending from the coast 
to approximately the same latitude as Umiat, and the Foothills 
area, which extends to the northern boundary of Gates of the 
Arctic National Park & Preserve. The Beaufort and Chukchi 
Seas, extending to the edge of the US Exclusive Economic Zone 
(EEZ), have also been opened up to oil and gas exploration. 
The Bureau of Ocean Energy Management (BOEM) manages 
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As extraction from the North Slope’s primary oil fields slows 
down, oil companies are searching for new sources in order to 
maintain a steady rate of flow through TAPS. State and federal 
leases are being actively explored in the vicinity of Umiat, 
and recent test wells have been successful. Development and 
exploration is planned in the Mustang, Shark, and Qugruk fields, 
as well as surveys of shale oil deposits along Dalton Highway (5).

Offshore, in the Beaufort Sea, the Liberty field contains an 
anticipated 100 million barrels of oil, and revised plans are 
expected to be submitted in the near future (2). Exploratory 
wells are also planned for the Sivulliq and Torpedo prospects, 
Smith Bay, and the Burger prospect in the Chukchi Sea (5). 

In the vicinity of Red Dog Mine, mineable zinc deposits 
have been found at the Su-Lik and Drenchwater sites. Coal 
exploration has been conducted in the Deadfall Syncline 
area along Cape Beaufort, however it was not found to be 
economically feasible to develop the resource at this point 
(BLM, 2005). Permits for coal prospecting have also been issued 
near the eastern edge of the Nanusuk Formation, in the vicinity 
of Toolik Lake, which is more accessible due to the proximity to 
the Dalton Highway.

In addition to the array of drilling platforms around Greater 
Prudhoe Bay, the pipeline network has expanded to the east 
and west to connect satellite developments to the Trans Alaska 
Pipeline System. Approximately 28 miles from Pump Station 1 
on the pipeline, the Kuparuk oil field has been in production 
since 1981, and several satellite fields are in active operation. 
Further west, pumping began at the Alpine oil field in 2000, 
and Environmental Impact Assessments have been submitted 
to expand operations into NPR-A, in order to increase access 
to the Colville River unit and begin development of the Greater 
Moose’s Tooth unit. 

Several oil fields along the coast are also in active production, 
including Milne Point, Northstar, Endicott, and Badami, which 
until recently represented the eastern end of the pipeline 
network. As of winter 2013-2014, an extension of the pipeline 
has been installed to serve the new Pt. Thomson site. Oil 
production is expected to begin in 2016, and significant natural 
gas reservoirs also exist in the area.

Around the village of Barrow, natural gas is extracted and 
processed for use by the local community (5). A majority of all 
other extracted hydrocarbons are exported out of the region.

Figure 3. North Slope oil and gas facilities. Source: Hillmer-Pegram/Audubon Alaska, 2014

Resource Extraction Exploration & Development
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Uncertainties
In addition to the factors already discussed, including advances 
in technology related to exploration, extraction, and processing 
of hydrocarbon resources, as well as the fate of proposed 
infrastructure investments, many other uncertainties exist. 
These include global oil, gas, and coal markets, taxation and 
regulation of hydrocarbon production, and the discovery of 
previously unidentified or unavailable resource deposits.
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Projected Changes & Trends
Many sources of uncertainty surround the future of resource 
development on the North Slope; however, some general 
trends and assumptions can provide a sense of how the 
industry may change in the coming decades. Based on a report 
by the National Research Council in 2003, a plausible scenario 
might include the following:

• High oil prices continue to support exploration and 
development

• Climate change does not impact current methods of 
exploration

• Technology used at Alpine will be the standard for future 
exploration and development

• Slower pace of offshore exploration, concentrated along 
Beaufort Sea coastline

• Expansion of onshore resource extraction continues south 
into the foothills of the Brooks range and west into NPRA

• Natural gas becomes a more significant resource, and the 
pipeline is built

• More competition as the number of exploration companies 
increases

Additional infrastructure expansion and technological 
innovations will also influence development. A road has been 
proposed from Umiat to the Dalton Highway, which could allow 
further expansion into the foothills region. There is potential 
for further mineral and coal mining to occur north of Red Dog 
mine, if roads are built which connect to the existing DeLong 
Mountain Transportation System (3). Also, multiple gas pipeline 
and alternative transportation options are being evaluated, 
which will encourage the development of natural gas deposits. 

Based on long-term projections of OCS drilling in the Beaufort 
and Chukchi Seas, BOEM has made estimates of infrastructure 
needs, including hundreds of miles of new pipelines (5).

Directional drilling, particularly extended reach drilling, has 
enabled oil companies to access additional oil deposits, 
increased the rate of extraction, and helped to minimize the 
footprint of drilling facilities (1). In addition, technologies such 
as underground coal gasification, and improved methods for 
extracting coal seam gas and gas hydrates may lead to increased 
interest in these resources, as well.

Potential extraction of oil and gas from shale formations is likely 
to rely on hydrologic fracturing or “fracking”. Further analysis is 
needed to determine the economic viability of shale deposits 
on Alaska’s North Slope, but there is potential for additional 
infrastructure expansion to access and develop these resources 
in the future (5).

Monitoring
Numerous scientific efforts have been undertaken to monitor 
the impacts of resource extraction and associated infrastructure 
on the people, wildlife, and landscape of the North Slope. In 
addition, oil and gas companies, as well as state and federal 
agencies, are required to monitor and report on the potential 
effects of existing and proposed resource extraction activities.
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Scenarios for Energy and Resource Development on the 
North Slope and Adjacent Seas Research and Monitoring 

Prioritization for the NSSI 
 

 
  

Overview 
 
Coal remains the dominant source for power worldwide. 
Total worldwide coal deposits are extensive enough to last 
more than 120 years at current consumption rates. Coal 
deposits are found worldwide, so very little is being traded on 
a global scale; most coal consumption is associated with local 
rather than global supplies (1, 4). The United States has one-
quarter of proved reserves worldwide—the most of any 
country—and one third of those U.S. reserves are estimated 
to lie within the Northern Alaska Coal Province (1, 6).  
 
Since 2000, China’s energy-intensive industrialization has 
been the main driver of global coal consumption and 
production. Coal is used to meet two-thirds of China’s energy 
demand, and because it has abundant reserves, China is also 
the world’s largest coal producer, mining three times more 
coal than the United States (1).  
 
Compared with natural gas, which is the cleanest fossil fuel, 
coal is environmentally problematic. Coal contains mercury, 
and emits more than twice the carbon dioxide and five times 
the carbon monoxide and nitrogen oxides as natural gas. It 
also contains almost three thousand times the sulfur dioxide 
and particulate matter per energy unit (5). In addition, the 
generation of coal to liquids has the highest life-cycle 
production-to-refining emissions of any fossil fuel (3).   
 
 
 

Commodity prices and demand | Coal, minerals and metals 
 
Summary 
 
Large coal deposits remain worldwide, with the largest share in the United States—and one third of U.S. coal on Alaska’s North 
Slope. Demand for coal is expected to increase until the 2030s, driven mainly by energy-intensive industrialization in China and 
India. But the growth in coal use, particularly for generating electricity, is slowing. China’s economic structure is changing, from a 
producing to a service and consumption-oriented economy which will likely be less energy-intensive in the future. Despite 
depressed coal prices, coal is not expected to see an uptick in demand. The remoteness from markets and high development costs 
for Arctic coal are working against its development, given the global abundance of coal and the projected drop in demand over 
time. However, potential opportunity exists for coal-to-liquids development coupled with carbon sequestration and enhanced oil 
recovery in oil reservoirs on the North Slope. The Arctic Slope Regional Corporation (ASRC) is the largest Native-owned business in 
the region and one of the financially strongest Native organizations in Alaska. ASRC owns vast land holdings with untapped 
resources including coal. Other mineral resources known to occur in the North Slope Borough include significant polymetallic 
deposits and base metal deposits. Most of the areas where significant mineral deposits occur are, however, currently off-limits to 
mining development. 
 
    Demand and prices of coal and mineral commodities on the North Slope may drive industry to explore the potential for 
production of mineral resources. However current regulations, limited supporting infrastructure, high cost for extraction and the 
availability of mineral resources elsewhere may limit coal and mineral development activity in the near-term on the North Slope.  
 

 
Worldwide, many major coal-burning countries see their 
dependence on coal as a problem (4). The Chinese want 
to fight air pollution and phase in cleaner fuels (1, 4). The 
transition from coal to natural gas is ongoing in the U.S. 
power sector, and the use of gas in the United States is 
likely to continue to grow.  
 
Coal prices are expected to stay depressed, and demand 
is unlikely to increase over the long term (Fig. 4) (1). But 
coal remains indispensable for the world’s most 
populous countries, particularly India (Fig. 3).  
 
Other mineral resources known to occur in the North 
Slope Borough include significant polymetallic deposits 
and base metal deposits including copper, lead, and zinc. 
Most of these areas are currently off-limits to mining 
development (7). 
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Figure 2. Prospective mineral areas and mineral resources of Alaska. Source: Adapted from Alaska Department of Natural 
Resources Division of Geological and Geophysical Surveys maps 
 

Trends 
 
Non-coal minerals: While the U.S. demand for raw 
materials have shown continued increasing trends (10) the 
commodity prices for three potential metal resources on 
the North Slope (zinc, lead and copper) have not shown  
predictable trends. Demand for mineral resources changes 
as technology and manufacturing trends allow substitution 
of raw materials that may be cheaper or better functionally 
better suited (10) (e.g. replacing copper with aluminum in 
electrical transmission lines).   
 

 
 
Figure 1. Trends in commodity prices for zinc, lead and 
copper. Prices are listed per metric ton in 1998 dollars. 
Source: USGS Historical Statistics for Mineral and Material 
Commodities 
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Coal: The U.S. Energy Information Administration forecasts 
coal prices, and the agency’s reference case projects that 
average coal prices at the mine mouth will rise with inflation. 
Under that projection, coal prices would continue on a flat 
trend in real (inflation-adjusted) dollars (5).  
 
Globally, coal is expected to remain the largest source of 
power through 2035, but to lose market share over time. 
Worldwide, the power sector accounts for a growing share of 
total energy demand, but the use of coal in that sector is 
predicted to decline (2, 3, 4). Among fossil fuels, gas remains 
the fastest growing energy source, with slower growth rates 
projected for both oil and coal. Global coal prices have been 
depressed, and they are expected to remain flat, for several 
reasons. U.S. gas prices are likely to remain subdued for some 
time (see oil & gas factsheet), and the U.S. electricity industry 
faces increasingly tight emission standards which is expected 
to lead to decommissioning of a number of U.S. coal power 
plants.  
 
This trend is also observable in other developed countries of 
the Organization for Economic Co-operation and 
Development (OECD). China—currently the largest coal 
producer and consumer worldwide (Fig. 3)—is expected to 
see economic change that will affect global coal demand. 
China’s economy is expected to switch from energy-intensive 
industrialization toward services and domestic consumption. 
Also, more stringent environmental regulation is already 
underway in China, and will likely become more prevalent as 
the country fights air pollution. India, by contrast, is expected 
to continue its coal-driven industrialization. North Slope coal 
is lower in sulfur than many other coal reserves which may 
affect potential demand for coal from this region. 
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Other factors may also affect potential coal development 
on Alaska’s North Slope. These factors include the distance 
from markets and high development costs due to the 
remoteness and harsh climate of the region, the technical 
challenges of coal mining in a thick permafrost setting, as 
well as the cost of developing resources in environmentally 
sensitive areas. By the end of the 2030s, non-fossil fuels 
will contribute more than 39 percent of the growth in 
energy. Carbon-free sources are expected to increase their 
combined share of power generation in the coming 
decades, and are likely to overtake nuclear energy as a 
source of power generation at the end of the next decade 
(2, 5).  
   

 

Figure 3. The world’s largest coal consumers in 2013 in 
metric tons.  Source: BP Statistical Review of World Energy 
2014. 
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Figure 4. United States average coal prices forecast.  Source: U.S. Energy Information Administration. 

Uncertainties 
 
Energy market projections are subject to much uncertainty, and 
events that shape energy markets often cannot be anticipated. 
Also, future developments in technologies, demographics, and 
resources cannot be foreseen with certainty. For example, large 
uncertainties remain about whether carbon-capture technology 
will be economically successful (2, 3, 4). Thus, the promise of 
clean coal (that is, coal or the derivatives of coal such as coal to 
liquids with substantially reduced emissions) remains a large 
uncertainty. However, on the North Slope, coal-to-liquids 
development, even though speculative, could offer several 
opportunities including the application of carbon sequestration 
at a coal-to-liquids plant in conjunction with enhanced oil 
recovery in existing oil fields, and the use of the Trans Alaska 
Pipeline System to get coal-to-liquids to market (8,9).   
 
The coal share of world energy demand is affected by traded 
coal, prices, country-specific emission standards, carbon pricing, 
and taxation. Imposition of a price on carbon would have a 
negative effect on coal and coal-to-liquids pricing and could 
ultimately decrease demand for both commodities (4). 
 
Even though major energy companies believe that stronger 
incentives are needed to curb greenhouse gas emissions, limited 
progress has been made and policy incentives remain weak. 
 
Combustion of fossil fuels is related to climate change, with 
increasing climate change risks. The current growth in energy 
demand based on fossil fuels is unsustainable (2, 5). The extent 
to which nations act to curb greenhouse gas emissions—through 
carbon pricing for example—will affect global demand for fossil 
fuels and define the extent of what will be considered 
“stranded” oil and gas resources. 
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Analysts expect carbon capture and storage technologies to be 
developed and applied, but that they will have limited effect 
on reducing carbon dioxide emissions before 2040 (2, 4, 5).  
 
Mining of rare earth elements is gaining increasing interest in 
other Arctic countries and has been related to increases in the 
number of mineral exploration licenses sought in Greenland 
(11). High demand for valuable mineral resources such as rare 
earth elements may increase mining exploration interest which 
may lead to future development of North Slope mineral 
resources. 
 

Driver interactions  
  
The demand for coal is closely tied to its substitutes, the 
closest one being gas; the two fuels dominate the power 
sector. Use of gas is likely to continue to grow at the expense 
of coal, even though the use of renewable energy sources is 
also growing. In the U.S. power sector, gas remains 
competitive with coal, leading to a nationwide transition away 
from power plants fired by coal to those fired by natural gas, 
particularly as older coal plants are replaced and emission 
standards are tightened. 
 
Oil has for decades provided an economic base for the North 
Slope Borough, but oil production from the North Slope has 
been declining. The borough will increasingly look for ways to 
diversify its economic base. The Arctic Slope Regional 
Corporation (ASRC) is the largest Native-owned business in the 
region and one of the financially strongest Native 
organizations in Alaska. ASRC owns vast land holdings with 
untapped resources including coal.  
  
Resource extraction through mining activities on the North 
Slope will be closely linked to changes in regulations that 
currently limit activities. Policies and environmental 
regulations in turn could be affected by increasing demand and 
prices of commodities that increase industry interests in  
mineral extraction on the North Slope. Expansions in existing 
transportation infrastructure and climate change may also 
affect the feasibility of greater mineral development on the 
North Slope.  
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Scenarios for Energy and Resource Development on the 
North Slope and Adjacent Seas Research and Monitoring 

Prioritization for the NSSI 
 

  

Overview 
 
“In strictly economic terms, Alaska is an oil-dependent state, 
exhibiting the lack of diversification typical of all resource-
dependent states.  In 1991, approximately 86 percent of 
unrestricted general fund revenues came from oil and gas industry 
activities, and although that amount declined to 79 percent in 
2000, with the price surges of subsequent years the share had 
increased to 88 percent by 2005.” (1, pg.4) The economic need for 
oil extraction must be balanced with other important priorities. 
Many residents of U.S. Arctic are closely linked to regional 
ecosystems through their use of subsistence resources, whereby 
they draw at least a portion of their living directly from the land and 
marine environment (2).  
 
At the state level, the primary agency involved with oil and gas 
exploration and development is the Alaska Department of Natural 
Resources (ADNR), while the Alaska Department of Environmental 
Conservation (ADEC), Alaska Department of Fish and Game 
(ADF&G) and Alaska Oil and Gas Conservation Commission 
(AOGCC) also have significant roles in the permitting process. 
 
 
 
 

A number of other state departments are also involved in 
enforcing safety codes but this overview will focus on the above-
mentioned agencies, as they have the most authority to mitigate 
resource impacts (1).   
 
 Oil and gas development on federally owned lands and waters 
are governed by laws implemented by the U.S. Fish and Wildlife 
Service (FWS), the NOAA-Fisheries, Bureau of Safety and 
Environmental Enforcement (BSEE), the Bureau of Ocean Energy 
Management (BOEM), the Environmental Protection Agency 
(EPA), Bureau of Land Management (BLM), the Corps of Engineers 
(COE) and the US Coast Guard (USCG) (1). 
 
Local agencies have the authority to adopt local ordinances via 
Title 29 of Alaska statutes, restricting development within 
borough and village jurisdiction.  Together the above agencies 
regulate resource management and environmental impacts to 
land, water, air, and noise/activity (1). Environmental regulations 
are needed because of negative externalities which no force 
other than governments can resolve. 
 
   
 

 
Figure 1. Alaska Public Lands Map and offshore planning areas.  
Source: U.S. National Park Service 
(http://www.alaskacenters.gov/upload/Land-Ownership-Alaska-7-11.pdf) and 
Bureau of Ocean Energy Management (http://www.boem.gov/Oil-and-Gas-
Energy-Program/Leasing/Five-Year-Program/2012-2017/Program-Area-
Maps/index.aspx) 
 
 
 
 
 
 

State and Federal Regulatory 
Environment 
 
Summary 
 
The U.S. federal system distributes authority widely between the 
legislative and executive branches, and between the federal, state and 
local governments.  As a result, the regulatory environment in Alaska 
is governed through multiple levels by federal, state, and local 
(borough, city, tribal) entities. The public dialogue involves diverse 
groups of stakeholders, as priorities are set via competitive 
procedures, and policy outcomes aim to serve a majority interest.  
Since in economic terms, Alaska is an oil-dependent state, this 
overview of federal and state regulatory environment will focus on 
regulations pertaining to land rights, natural resource development 
and protection, and economic development. But because Alaska is 
also experiencing great impacts from the effects of climate change, 
other regulations are also considered from the viewpoint of climate 
impacts mitigation.   
       
The regulatory process governs commerce, education, law 
enforcement, natural resource use, health and social services, and 
transportation among others, and influences planning and 
implementation of resource extraction activity and economic 
development. 
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Figure 2: Oil and Gas Development Regulations and Participant Hierarchy in Alaska.   
Graphics by Berill Blair (2010). Information based on ADNR publications (http://dog.dnr.alaska.gov/)and Case, D. and Voluck, D. 
Alaska Natives and American Laws (2002). 
  

 
What follows is a brief overview of main regulations at the 
different level of governance either directly relating to, or 
indirectly influencing resource development, land rights and 
environmental protection. 
 
Land rights regulations 
Land rights policies are only indirectly tied to subsistence issues 
in Alaska but are frequently linked in public discussions. Tribal 
status and the question of hunting and fishing rights differ quite 
a bit from that of Lower 48 tribes. The Alaska Native Claims 
Settlement Act extinguished hunting and fishing rights, leaving 
the regulation of wildlife to state and federal agencies even on 
ANCSA lands. Through the Alaska National Interest Lands 
Conservation Act’s (ANILCA) so-called “rural preference” rule, 
priority is given in the management and permitting of 
subsistence activities to rural residents on federal lands, but on 
state lands participation in subsistence activities is open to all 
state residents regardless of place of residence or tribal 
(non)status.   
 
Land rights on the other hand weight heavily in the issue of 
resource development especially with regards to subsurface 
rights.  Subsurface rights in Alaska belong to the state and federal 
governments and ANCSA regional corporations. 
 
 

Natural resource management 
The different mandates of federal and state agencies seek to 
ensure simultaneously viable, sustainable resource 
development and optimal environmental protection. For 
example, the ADEC’s mandate is to “conserve, improve and 
protect Alaska’s natural resources and environment to enhance 
the health, safety, economic and social well-being of Alaskans.” 
(3) The ADNR’s stated mission is to “Develop, conserve, and 
maximize the use of Alaska's natural resources consistent with 
the public interest.”(4) These multiple objectives and multi-
level agency involvement results in an integrated management 
system of Alaska’s natural resources. Two main coordinating 
systems are used in the regulation of large projects: 
environmental analyses and the Joint Pipeline Office (JPO) 
right-of-way approvals (1). Terrestrial and marine resource 
development may trigger very different review processes, and 
varying degree of support from stakeholders.  As for who may 
have the highest stakes in the regulation of natural resources: 
subsurface rights owners, those living near proposed 
development (often represented by tribal entities and NGOs), 
and interested industry representatives are the ones most 
immediately impacted by resource development policies, while 
environmental NGOs and the greater State of Alaska feel the 
ripple effects of outcomes.    
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Environmental laws and regulation 
The National Environmental Policy Act (NEPA) is the federal 
framework providing for an environmental review process. 
Other important federal legislations include the National 
Emissions Standards for Hazardous Air Pollutants, the Clean Air 
Act, the Safe Drinking Water Act, and many others (for more 
information see http://www2.epa.gov/regulatory-information-
topic). Current and proposed regulations exist intended to 
mitigate impacts from climate change; these programs mainly 
approach the vehicle manufacturing industry and greenhouse 
emissions via emissions standards and various incentivized CO2 
credit programs aimed to improve the energy efficiency of 
newly manufactured vehicles (5).  
 
Disaster relief laws 
Disaster and emergency preparedness and response are 
coordinated within and across the various political subdivisions. 
(a) Federal disaster relief legislation was first enacted via the 
Disaster Relief Act of 1974 that established the process of 
presidential disaster declarations, and continued with the 
establishment of the Federal Emergency Management Agency 
(FEMA) in 1979.  The 1988 Stafford Act amended the 1974 act, 
further systematizing the process of orderly assistance, creation 
of disaster preparedness programs and warning systems (6). The 
Disaster Mitigation Act of 2000 sets forth the legal basis and 
conditions of disaster mitigation grant assistance available to 
State, local and tribal governments (6) 
(b) The State of Alaska Division of Homeland Security and 
Emergency Management oversees the mitigation against major 
disasters and emergencies declared by the Governor and/or the 
President (7). At the borough level, emergency preparedness and 
disaster response planning inform emergency operations, and 
take into account local capacities and resource needs (8). When 
local capacities are overwhelmed, disaster relief needs are 
communicated and elevated to state or federal authorities as 
needed.   
 
For Alaska Native Villages affected by erosion and flooding 
determining the appropriate level of service is a policy decision 
that rests with Congress.  The U.S. Government Accountability 
Office has written several reports and made recommendations. 
Some of these recommendations were implemented (9).  
Progress has been limited relocating threatened Alaska Native 
villages because of the cost and many do not qualify for federal 
funds because the federal law does not recognize 
unincorporated Alaska Native villages in unorganized borough. 
Of the villages exploring relocation options, Newtok has made 
the most progress (15) and (16). 
 
 

Trends 
 
Policy trends in Alaska seem to follow the pattern of policy 
change predicted by the punctual equilibrium theory: a period 
of equilibrium of incremental policy change is punctuated by a 
critical period of major policy reform (10). For example, ANCSA 
and the Trans-Alaska Pipeline Authorization Act are legacies of 
the pipeline “punctuation” resulting in a long period of policy 
equilibrium around oil production (10).  Federal, state, and 
borough future priorities, with a mixed range of emphasis, each 
focus on issues of human health, climate change impacts 
mitigation, economic development and food security (11,12,13). 
As the Arctic is receiving increased international attention, and 
as the U.S. is about to assume the Chairmanship of the Arctic 
Council beginning in 2015, these priorities will remain at the 
center of policy discussions.   
 
Uncertainties and Driver interactions 
 
As we look to the future to consider important local, regional and 
global drivers of regulatory change, the following relationships 
may influence the political, social and economic landscape of 
Alaska: 
 

 Global politics: International policies and treaties such 
as United Nations Convention on the Law of the Sea 
(UNCLOS) impact on resource use and commerce, while 
intergovernmental entities such as the Arctic Council 
impact the tone of global geopolitical dialogue.  
Indigenous groups organizing across nation states and 
various NGOs and informal networks may also increase 
in importance (14). 

 
 Global demand for oil and gas: Rising and falling oil 

prices influence Alaska’s economy to a great extent 
while global availability of shale and alternative oil and 
gas will impact on the attractiveness of Arctic oil and gas 
development. Oil and gas production drives Alaska’s 
economy, but it also translates to a strategic commodity 
and political influence on the national and world 
markets.  

 
 Changing climate: Opening Arctic waters will change the 

landscape of marine transportation, potentially 
boosting some coastal infrastructure and economies. 
Increased coastal erosion, flooding and diminishing sea 
ice will however negatively impact local and state 
economies, and subsistence activities.  The future of 
NSB and state regulatory authority for coastal activities 
is uncertain because the state no longer participates in 
the coastal zone consistency review process. 
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Figure 3. Land ownership in Alaska. Source: Alaska 

Department of Natural Resources 
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Scenarios for Energy and Resource Development on the 
North Slope and Adjacent Seas Research and Monitoring 

Prioritization for the NSSI 
 

  

Overview 
 
Sea ice is an important component of the Arctic and it is 
an important driver in regulating climate, maintaining 
healthy ecosystems, and impacting shoreline change. It 
also has major influence on people, both as a hazard and 
as a platform for different activities. The Chukchi and 
Beaufort Sea have experienced the largest reductions in 
summer ice extent and loss of multi-year ice in the Arctic 
over the past three decades (Fig. 1). Model projections 
indicate that this trend will continue, with little to no 
summer ice present in the Arctic by mid-century. 
Reconstructions of sea ice extent using proxy paleo 
records indicate that warmer temperatures and greatly 
reduced Arctic ice cover have occurred in the past. 
However, the current, accelerated rate of sea-ice loss 
exceeds past records and cannot be explained by natural 
variability alone (1). 
 

Sea ice | Seasonal cycle and 
extent  
 
Summary 
 
The Beaufort and Chukchi Seas have experienced some of the 
greatest reductions in summer ice extent, reducing ice cover 
in the region by well over one half as part of an Arctic-wide 
reduction in summer ice over the past three decades. These 
trends are projected to continue, with a near-ice free 
summer Arctic Ocean by the second half of the century. 
Feedbacks and natural variability may temporarily halt this 
trend, adding uncertainty. Similarly, ice hazards will continue 
to persist in the Alaska offshore throughout the year as a 
result of pack-ice movement continuing to bring old, thick ice 
and icebergs. As a major climate regulator, important 
habitat, geologic agent along Arctic coasts and constraint on 
human activities and ecosystems, sea ice will likely gain in 
importance as a driver and key uncertainty throughout the 
century.  
 
Changes in the extent and seasonal cycle of sea ice acts a 
driver affecting the duration and location of shipping 
activities, offshore exploration, and hazard risks for coastal  
and marine infrastructure. It also affects emergency and oil-
spill response. 
  

Reductions in summer ice extent are more pronounced 
than winter ice extent, and are accompanied by a 
thinning of the Arctic ice pack, loss of multiyear ice and a 
speeding up of ice movement (2). 
 
Ice conditions in Alaska waters 
 
Summer ice extent is greatly reduced in the Chukchi and 
Beaufort Seas, with open water season length increased 
by several weeks, and an ice edge several hundred km to 
the North of the coast. While the presence of old, thick 
and strong multiyear ice has decreased, such heavy ice 
and glacier ice from the High Canadian Arctic still drifts 
into Alaska waters, with the potential of hampering 
offshore maritime operations. Winter ice extent (but not 
thickness) has increased slightly in the Bering Sea over 
the past three decades, mostly driven by a different 
wind regime in the North Pacific. Shorefast ice, lining the 
coast in winter, forms several weeks later in the year 
compared to three decades ago. Moreover, it is 
substantially less stable, with frequent break-outs and 
shifts that can impact a range of human activities (2).  
 

 
Figure 1. Sea-ice concentration trend for September (1979-2014; 
corresponding to summer minimum ice extent). Inset shows 
median ice edge (pink). Source: NSIDC, 2014.  
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Trends 
 
Current trends for Arctic Sea ice show a consistent 
reduction in ice volume, age and sea ice extent (3). The 
September sea-ice extent has been declining at 13% per 
decade relative to the average extent from 1981-2010 (4). 
Sea-ice thickness has also been decreasing as observed by 
satellite and direct measurements (3), and documented in 
local observations of thinner sea ice (5). The proportion of 
multi-year ice and mean ice age are predicted to continue 
their decline in conjunction with the overall reduction in 
summer ice extent (3, 6). Climate models project near-
complete disappearance of summer ice in the second half 
of the century (Fig. 2). Models deemed more accurate in 
representing Arctic Ocean conditions suggest a near-
complete removal of summer (and hence multiyear) ice by 
mid-century (6).  
Regional long-term predictions of ice conditions in the 
Alaskan Arctic are challenging because of greater 
uncertainty in simulations at a finer scale (7). However, 
even with a greatly reduced Arctic ice pack, remnants of 
heavy ice are expected to persist in the High Canadian 
Arctic and continue to drift into Alaska waters. Similarly, 
icebergs and ice islands from the disintegration of ice 
shelves and glacial ice in Canada’s North will continue to 
pose a threat to maritime activities in the Chukchi and 
Beaufort Seas (2).  
 
 

Uncertainties 
 
A mostly ice-free summer Arctic Ocean is expected in 
the second half of the century. However, uncertainties 
inherent in the modeling approach and limitations in the 
predictability of the Arctic ice pack have a significant role 
in determining how soon this may occur, with estimates 
ranging from the 2030s through the 2080s for models 
that perform well in simulating Arctic processes (6, 8). 
Natural variability may both reinforce or counteract 
anthropogenic warming trends. Models suggest that 
until mid-century there is a 35% chance of a 10-year 
cooling episode due to natural variations overwhelming 
a global warming trend at the Arctic regional level (8). 
Uncertainties related to the impacts of sea-ice 
reductions include a lack of pan-Arctic local observations 
to extrapolate to ecosystem-level impacts and limited 
understanding of the role of feedbacks and complex 
interaction between ice, ocean, atmosphere and the 
biosphere. Uncertainties in the regulatory and economic 
environment and future technology also influence our 
understanding of sea ice as a driver of human-related 
activities such as future shipping activity, subsistence 
hunting, development of offshore infrastructure and the 
fate of oil spills in the marine environment.  
 

 
Figure 2. Projections of Arctic summer minimum ice extent (September) by a range of different climate models. Observations 
are shown as bold black line. Source: Overland & Wang, 2013 (6).  
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Community-based monitoring and observations can help 
link changes in the ice cover to impacts on people and 
ecosystems. In addition, a significant amount of ongoing 
ice hazard monitoring is associated with measurements 
of strudel scour, over flood, and ice gouging but not 
much is getting consolidated in a comprehensive 
database. 
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Driver interactions 
 
Resource development and support activities 
 
Impacts on human activities are mostly related to risks 
associated with sea-ice hazards. Shipping (including cargo, 
tourism, research, enforcement and potentially fisheries) 
and offshore resource exploration is mostly limited to the 
open-water season. However, pack-ice incursions will 
continue to pose risks even in summer (2). Similarly, coastal 
and offshore infrastructure may be damaged by impact 
from drifting ice, ice gouging and ice-push events. Activities 
conducted directly on the ice require stable sea-ice 
conditions to prevent loss of equipment and minimize risk 
to personnel. Sea-ice conditions are also an important 
constraint for emergency and oil-spill response, as well as 
subsistence hunting activities (2, 5). Reduced ice cover 
increases the vulnerability of exposed coastlines to storms 
and flooding events. 
 
Other driver interactions 
 
Ice-associated primary production plays an important role 
in marine ecosystems. A reduced ice cover with a shorter 
ice season directly affects marine productivity and carbon 
cycling. Further impacts include altered food-web dynamics 
and threats to ice-associated biota ranging from plankton 
to top predators. Ice-associated species such as walrus or 
polar bears may experience shrinking dispersal corridors, 
potentially isolating populations. At the same time, invasive 
species and diseases may displace resident species where 
ice used to act as a barrier. Terrestrial ecosystems may also 
be affected and observed trends for longer growing 
seasons, increased primary productivity and increased 
shrub abundance may continue into the future (9). 
 

Monitoring efforts 
 
Basin-scale remote sensing of ice extent and movement 
helps track evolution of the ice pack in response to climate 
change. Sea ice monitoring data from NOAA and NASA are 
available from the National Snow and Ice Data Center. Ice 
thickness and energy budget measurements are more 
challenging and generally lacking, as are measurements of 
ice hazards at the local and regional scale.  
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Scenarios for Energy and Resource Development on the 
North Slope and Adjacent Seas  Research and Monitoring 

Prioritization for the NSSI 
 

  

Overview 
 
While measurements of erosion rates have been calculated in 
local areas recent studies have improved assessments of 
erosion rates throughout the Chukchi and Beaufort coasts 
(1,2,3). Sea ice helps to buffer the wave and storm-driven 
effects of erosion, but an increasing seasonally ice-free period 
leaves coasts more vulnerable to erosion. Most coastal erosion 
occurs during the seasonally ice-free period. Wind, waves, 
surface water and air temperature, sea level and storm events 
affect coastal erosion patterns. Rivers and streams affect 
erosion through permafrost degradation, and channeling runoff 
from snowmelt, but also affect sediment deposition. 
 
Factors affecting erosion 
 
Physical features: The presence of sea ice, beaches, coastal 
orientation and barrier islands can affect coastal erosion rates. 
Barrier islands are also dynamic features with the ability to 
migrate over time. 
 
Sediment type: Fine grained muds erode more quickly than 
coarser sediments. On the Beaufort coast sediments are coarser 
in the east, and erosion rates generally increase from east to 
west along the Beaufort coast. The Chukchi coast may have 
lower erosion rates as a result of coastal orientation, 
geomorphology and ice content. 
 

Erosion | Coastal and riverine 
 
Summary 
 
The coasts along the U.S. Beaufort and Chukchi Seas consist of bluffs, 
barrier islands with lagoon systems, bays and inlets, deltas and drained 
lake basins. Collectively they make up rich habitat and also a challenging 
landscape for coastal construction and ocean access. Coastal erosion 
rates have been increasing in some locations on the North Slope over 
the last decade. Climate change related effects on erosion include 
changes in sea ice and permafrost. It is difficult to accurately project 
future coastlines given the high variability in erosion rates and 
processes driving erosion among sites.  
 
Erosion may act as a driver affecting the stability of building 
foundations, roads, and critical infrastructure for transportation, 
communication and energy generation. It may also impact housing, 
and archaeological and paleontological sites. The rate and severity of 
erosion also acts as driver for the construction of shore-protection 
structures and the associated erosion mitigation or relocation costs.      

Vegetation: The presence of coastal vegetation helps to 
stabilize sand dominated coasts. Peat and shrubs also help to 
stabilize areas and reduce river erosion. 
 
Ground ice: The presence of permafrost, particularly ice 
wedges, influences erosion rates. Wave-impacts and greater 
thermal and mechanical erosion create niches at the base of 
bluffs, while permafrost thaw destabilizes bluffs, allowing 
portions of bluffs to break off.  Erosion along lakes and rivers 
further inland are also strongly affected by stream sinuosity, 
hydrologic events, ice scouring during break-up, and 
permafrost thaw that subsequently influences thermokarst 
formation. 
 
Storms: Large storms have been responsible for some of the 
largest erosion events observed along the Arctic coast. For 
example, some places in Barrow experienced up to 35 feet of 
lateral bluff erosion from a 1963 storm.  Storms increase 
water levels and storm surge but also increase erosion 
impacts from wind, waves, and ice-gouging. Storms can also 
cause rapid changes to the size and location of barrier islands.  
 
 

 
 

 

 
 

 
Figure 1. Changing erosion rates along the Beaufort Sea 
Source: Jones et al. 2009 (1) 
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Figure 2. Projected changes in coastline position for Kivalina. *New erosion mitigation structures may have changed projected 
shoreline estimates.  Source: US Army Corps Engineers Alaska Baseline Erosion Assessment   

Uncertainties 
 
The unique characteristics of coastal sites make it difficult to 
project how erosion processes will affect the coastlines. 
Assessments of erosion based on historical coastlines provide 
some idea of areas more vulnerable to erosion but cannot be 
used to project future erosion patterns with great certainty. 
Changes in hydrology and runoff patterns that affect river flow 
may also affect uncertainties in riverine erosion. Modeled 
projections of erosion may make assumptions to account for 
uncertainties in the timing and magnitude of storms (including 
effects of wind direction and fetch), projections of sea level 
rise, and the duration of a seasonally ice-free ocean.  
 
The construction of infrastructure can also either enhance or 
reduce erosion at local scales. However the exact effect on 
erosion rates may not be known until studies are conducted 
after the structure has been built.   

Trends 
 
Rates of erosion differ along the coast and can vary greatly. 
However the average erosion rates can be used to describe 
general trends of loss over time. Mean erosion rates of 1.4 m/ 
yr from Icy Cape to the Canadian border was calculated 
between 1947 and 2007 (3). Mean rates along the Beaufort 
coast are 2 m/yr and can be as high as 19 m/ yr. Erosion 
patterns have become more similar along parts of the Beaufort 
coast and may become less dependent on shoreline type or 
ground ice content (1). On small segments of the Alaskan 
Beaufort coast there is evidence of a doubling of average 
coastal erosion rates (4).  
 
In Prudhoe Bay average coastal erosion rates of 1.5 m/yr have 
been recorded primarily related to thermal erosion. Erosion 
rates along coastal permafrost bluffs (from 6.8 to 19 m/yr) may 
continue to increase, particularly as the duration of the ice-free 
season gets longer, temperature increases, and sea level rises 
(2).  
 
In the Northwest Arctic Borough, erosion rates in Kotzebue 
Sound showed stabilization or slight accretion from 1980-2003. 
However future erosion rates of 0.16 to 0.24 m/yr (from 2000 – 
2049) is projected if sea level rise continues as projected (5).  
Current erosion rates along the Chukchi Coast are around 0.1 
m/yr and can be as high as 5.8 m/yr (5). 
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Driver interactions 
 
Resource development 
Increasing coastal erosion threatens building foundations, bridges 
and other critical infrastructure. Former drill sites and gravel pads 
have been lost from eroding coasts. Erosion can also affect the 
stability of roads and runways making some roads vulnerable to 
flooding during storms. In addition to surface structures, buried 
pipelines can become exposed through erosion of overlying 
sediments. Mitigation efforts to reduce erosion may include 
building artificial berms and seawalls and offshore dredging for 
beach renourishment.   
 
Interaction with other drivers 
Coastal and migratory birds and fish use beaches, tidal marshes, 
mud flats and wetlands as breeding, feeding and nesting habitat. 
Erosion threatens the size and location of available habitat and 
may make some areas more vulnerable to salt water intrusion. 
Coastal vegetation will change as salt water intrusion, protection 
from storms, and sediment geomorphology changes. Coastal 
communities may need to be relocated as erosion threatens the 
safety and stability of housing, schools and supporting 
infrastructure. Culturally important sites also risk being lost to 
coastal erosion.  

Monitoring efforts  
 
Erosion rates have been more intensely studied in the 
Beaufort compared to the Chukchi Sea. Given the high 
impact that erosion can have on coastal communities 
the US Geological Survey, US Army Corps of Engineers 
and the Alaska Department of Natural Resources 
monitor coastal hazards including the potential impacts 
of coastal erosion. The NOAA National Geodetic Survey 
also includes some areas in its coastal monitoring 
program that aims to keep an up to date inventory of 
the coastline.  
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Figure 3. Portion of Continuously Updated Shoreline 
Product area. Source: NOAA National Geodetic Survey 
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Scenarios for Energy and Resource Development on the 
North Slope and Adjacent Seas Research and Monitoring 

Prioritization for the NSSI 
 

  

Overview 
 
Global 
Emerging economies continue to contribute to global energy 
demand growth while energy production remains affected by 
advances in technology and geopolitical events. In 2013 oil 
production in Libya suffered the world’s largest decline due 
to civil unrest, and supply disruptions in Africa, Europe, and 
the Middle East continue. Growth in US domestic oil 
production largely offset these supply disruptions, and kept 
average global oil prices stable above $100 per barrel (1, 8, 
9). Capital costs for oil exploration and production have risen 
in the past two decades worldwide with partial offsets due to 
technological advances. Costs for oil and gas exploration, 
development, and production have been increasing at a 
faster rate than oil prices over the past decade (with oil 
prices recently beginning to sharply decline, while costs 
continue to increase globally). This trend of cost increases 
outpacing price increases is especially evident in frontier 
regions such as the Arctic. 
         Easily accessible conventional oil is becoming scarce and 
future production will increasingly require more advanced 
technology in more remote locations at increasing costs. 
Unconventional sources of hydrocarbon also require greater 
attention to environmental management than conventional 
production (1, 3, 9). Gas is the fastest growing fossil fuel due 
to the shale gas revolution, its environmental attractiveness 
compared to other fossil fuels, and its global abundance.  
 
 

Price of oil and gas | Demand and Global Market 
 
Summary 
 

Petroleum is very important to the Alaska economy, accounting for 31 percent of all jobs in Alaska. Oil-related state revenue amounted 
to 92 percent of unrestricted general funds in 2013. Oil is produced on the North Slope—averaging 529,000 barrels per day in Fiscal 
Year 2014. That oil is carried south to Valdez through the trans-Alaska pipeline, where just about all of it is loaded onto tankers bound 
for the U.S. West Coast and a small amount is processed at Alaska refineries. For several decades Alaska was the second leading U.S. 
producer of oil, but with declining production it has fallen to fourth place (behind Texas, North Dakota and California). Much smaller 
quantities of oil, as well as natural gas, are produced in Cook Inlet, mostly for in-state markets. The North Slope and adjacent offshore 
areas are estimated to have very large reserves of oil and gas, but much of the conventional oil has already been produced, and most 
of the remaining oil is unconventional—e.g. heavy oil, tight sands and offshore continental shelf –and will be more difficult and 
expensive to produce. To deliver North Slope gas to markets would require construction of an 800-mile pipeline as currently proposed 
by North Slope producers to deliver the gas to a liquefaction plant at tidewater on the Kenai Peninsula for shipment to Asia as LNG. The 
entire project is estimated to cost between $45 billion and $65 billion. Even though fossil fuels are expected to remain the dominant 
source of energy for decades to come, the global transition away from fossil fuels continues, and reduced demand for fossil fuel could 
lead to stranded resources.  
       Oil and gas are globally traded commodities, and Alaska’s petroleum sector is affected by global market forces. Oil prices have 
been relatively stable in recent years, with record increases in US domestic oil production balancing global supply disruptions. The 
costs of North Slope oil development, production, and transportation are high compared to other areas, requiring high oil prices to 
be justified. However, the continuation of high oil prices in the future is highly uncertain.  
 

 
Figure 1. Alaska’s petroleum sector, 2014. Source: ISER 
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Even though Asia is expected to consume most of the growth in 
natural gas demand followed by Latin America, natural gas 
prices are expected to remain stable in the near future due to 
the capacity of multiple LNG export projects proposed 
worldwide  (1, 2, 8, 9). The price of oil and gas also differ in a 
key way, with oil prices affected in the international market, 
and gas prices affected through a regional market with prices 
varying by region. 
 
Domestic 
Abundant and relatively inexpensive domestic supply of tight 
oil and gas, sourced largely in fairly close vicinity to main U.S. 
consumption centers, have left oil prices either stable or 
declining and gas prices low (9). Technological advances in the 
recovery of tight oil and gas have reduced development and 
production costs and are projected to lead to a surplus in 
domestic oil and gas. This is likely to lead to downward 
pressure on oil prices in the short-term. In the power sector, 
gas remains competitive with coal, leading to a US wide 
transition away from coal to natural gas fired power plants, 
particularly as older coal plants are replaced and emission 
standards are tightened (1, 8, 9). Natural gas is also making 
inroads as a transportation fuel for the shipping and trucking 
industries. The shift away from carbon-intensive fuels helps 
stabilize carbon dioxide emissions (9). 
 
 

Alaska 
Since the start of oil production on the North Slope in 1977, 17 
billion barrels of oil have been produced primarily consisting of 
the largest and most easily accessible oil accumulations. 
However, the Arctic shelf is one of the world’s largest 
remaining prospective areas for oil and gas development and  
is believed to contain 30 percent of the world’s undiscovered 
natural gas. The USGS estimates technically recoverable oil 
resources to amount to 37 billion barrels on state land and 33 
billion barrels on federal land, onshore and offshore. In 
addition, there are 35 trillion cubic feet of known gas resources 
on state land and a mean estimate of 220 trillion cubic feet of 
undiscovered, technically recoverable gas (10). Assuming high 
future oil and gas prices, stable fiscal policies, reserve growth in 
known fields, and all areas being open for exploration, 
economically recoverable oil and gas additions are estimated to 
range between 28 and 36 billion barrels of oil and between 125 
and 137 trillion cubic feet of gas (Figure 1) (6). In this optimistic 
estimate, development of additional oil and gas resources 
would extend well beyond 2050. This would potentially require 
an increase of current transportation capacity for oil and 
construction of a natural gas pipeline (Figure 2). More 
pessimistic predictions without development of the Outer 
Continental Shelf, Arctic National Wildlife Refuge Area 1002, 
and without construction of a gas pipeline, result in estimates 
of recoverable oil dropping to 9 to 10 billion barrels (Figure 3) 
(6).  
 

 
Figure. 2. Alaska North Slope Oil Production Forecasts, Source: National Energy Technology Laboratory (2009).  
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Differences to other oil producing U.S. states 
Alaska North Slope production differs from most oil-producing 
states in a number of important ways:  

- Alaska’s large oil fields don’t require large workforces. 
Even though at the margin, labor requirements have 
increased, comparatively few direct jobs are 
associated with the size of Alaska oil fields compared 
to the labor needs of multiple small fields. 

- Oil fields in Alaska are comparatively larger. 
In Alaska fewer or none of the small fields are being 
developed in contrast to other areas. Small fields are 
often not economically feasible due to remoteness 
and other Alaska-specific challenges resulting in 
higher costs.  

- Alaska’s oil industry is less diverse.  
While Texas has more than 200 large and small oil and 
gas explorers and producers, on Alaska’s North Slope 
a small group of large oil companies dominate the 
industry. Investments in new fields in Alaska compete 
with a global portfolio of projects.  

- Alaska does not headquarter the oil industry.  
The management for most oil companies is 
headquartered elsewhere. 

- Alaska has smaller transportation infrastructure and 
fewer downstream operations. 
Fewer spin-off jobs such as with refineries exist in 
Alaska. 

- Alaska has had slower job growth in the oil industry.  
Over the past decade, Alaska’s direct employment in 
oil production increased by 37 percent compared to 
nationwide 62 percent. 

- Implications of Jones act restrictions on Alaska. 
Exporting hydrocarbons from NPR-A and the Outer 
Continental Shelf are currently prohibited by law. 

 
 

 
Other considerations include: 
a) Exploration and development of new oil fields in areas 
without pre-existing infrastructure (e.g. Point Thompson) are 
difficult due to seasonal restrictions. Outside of established 
fields (which may have existing pads and roads to work from) 
the exploratory drilling season in Alaska is greatly reduced 
compared to other locations. Accordingly, cash flow from 
Alaskan fields is delayed from first expenditure by many years. 
The lag may be less than a year in the lower 48 states (in the 
case of shale oil and gas developments). This places an 
enormous burden on the economics of Alaska production: one 
needs very large anchor fields to justify initial investment in 
infrastructure.  
b) Development of small fields can be economic, but generally 
only if existing processing and transportation infrastructure is 
available.   
c) While smaller fields can be economic, the incumbent 
producers are large multi-national oil companies. Accordingly, 
satellite production isn’t a favorable strategic ‘fit’ for 
investment as Alaska projects compete with other 
international projects within multi-national portfolios.  
d) The state of Alaska is alone in having reserved for itself 
essentially all of the subsurface mineral rights. This means that 
there is typically only one landowner for an 
explorer/developer to deal with — a significant advantage in 
putting together prospects 

 

 
Figure 3. Currently producing fields, known fields with development plans and fields under evaluation on the North Slope.  
Projections without Outer Continental Shelf or ANWR development. Source: National Energy Technology Laboratory (2009). 
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Trends    
 
In 2011, 81 percent of global energy demand was met by fossil 
fuels. Hydrocarbons are believed to continue to dominate the 
global energy mix in the coming decades. But growth in fossil 
fuel use is expected to decline and by 2035 meet only 60 
percent of global energy demand. Most of the growth in energy 
demand is expected to be concentrated in emerging economies 
(2, 8, 9). Lower 48 onshore tight oil production is expected to 
remain the main driver of US crude oil production resulting in 
the U.S. becoming a net exporter of petroleum products, and 
dramatically reducing its dependence on foreign oil. Alaska 
production is believed to stagnate or decline until 2040 (8, 9). 
     The U.S. Energy Information Administration forecasts oil and 
gas prices in their reference cases. The West Texas Intermediate 
Spot Price, a benchmark for the value of Alaska North Slope 
crude, shows an increasing trend (Fig. 4) in the reference case, 
but with large uncertainties as seen in the differences between 
the high and low price projections (9). The Alaska Department of 
Revenue’s most recent oil price forecast to 2023 presents an 
increase in the nominal West Coast price for Alaska North Slope 
crude from $106.61 bbl in 2014 to $131.85 in 2023 (11).  
 
The Henry Hub natural gas price reference case is forecast to 
increase for most scenarios by 2040 (Fig. 5). Projected prices are 
affected by uncertainty in the extent of recoverable tight gas 
resources (9). Global LNG trade is expected to grow with new 
LNG terminals and LNG carriers being constructed or on order. 
Also, proposed LNG export projects exceed predicted global gas 
demand, though most of the proposed projects are not 
expected to advance to construction. This trend may lead to 
lower LNG prices and a further divergence of oil and gas prices 
for the next decade or two (9). Australia, North America and 
Africa are expected to join Qatar as the largest suppliers of LNG 
worldwide (2). China could become the world’s largest importer 
for gas by 2020 via LNG and pipelines with the dominant source 
expected to originate from Former Soviet Union states (2, 9). 
 
Natural gas is expected to make inroads into all transportation 
sectors (2, 8, 9). By 2035 gas is expected to account for 8 
percent of transport fuel in the US, almost matching biofuels. 
However, fuel switches require more infrastructure 
development and thus occur at a slower rate in transportation 
compared to the power sector. In the power sector, gas is likely 
to continue to grow at the expense of coal despite the rapid 
expansion of renewables. 
 

 
 

 
Figure 4. West Coast Intermediate Spot price projections for 
crude oil in 2012 dollars per barrel. Source: US Energy 
Information Administration. 
 

 
Figure 5. Henry Hub Spot price projections for natural gas in 
2012 dollars per mill Btu 
 

Uncertainties 
 
How energy markets evolve in the future is subject to much 
uncertainty. Many of the events that shape energy markets 
are random and cannot be anticipated. For example, current 
oil prices show a downward trend contrary to the most 
recent forecast illustrating the downward risks in oil prices. In 
addition, future developments in technologies, 
demographics, and resources cannot be foreseen with 
certainty. Even though large economically and technically 
recoverable oil and gas resources may remain on Alaska’s 
North Slope, development of new fields depend not only on 
future oil prices but complex factors including the following: 
Large portfolios and publically unknown evaluation:  
Oil companies have their own private portfolio and 
evaluation procedures related to projects and their 
associated risk. The larger the oil companies who invest in 
Alaska, the larger their portfolios of competing projects. 

Complex global energy markets:  
Resource development in Alaska depends on global market 
forces consisting of many energy substitutes and dynamic 
changes in supply and demand out of the control of Alaskans. 
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Fiscal terms and regulations: 
While fiscal policies provide incentives for investments into 
additional production, they are not the only factor driving 
decisions. Stable fiscal policy creates certainty for oil 
companies and fosters positive investment conditions. Poor or 
unstable fiscal policies dispel certainty for oil companies and 
fosters negative investment conditions. They may also lead to 
dis-investment.  

Technological advancements:  
High oil prices above $100/barrel allowed for the development 
of new technology to recover tight oil and gas resources. These 
new advances eventually lead to a reduction in cost related to 
tight oil and gas recovery.  

Geology: 
The estimated technically recoverable resources as stated 
above are uncertain but based on hypothetical sizes of oil and 
gas accumulations.  

Labor supply:  
Availability of labor for large projects such as a gas pipeline can 
have implications for timeliness and cost 

World economic change: 
Global energy markets are affected by structural changes in 
the global economy and related with primary energy demand. 

Geopolitical events:  
Civil unrest in Africa, the Middle East, and Russia can cause 
supply disruptions and affect oil prices.  
 

Driver interactions  
 
Petroleum resource development has a large impact on job 
and wealth creation in Alaska’s economy through direct and 
spin-off economic activity. In addition, over three quarters of 
state and local government jobs are dependent on the 
petroleum sector underlining widespread overreliance on oil 
revenues for local and state government operations 
throughout Alaska. Declining petroleum production can result 
in budget cuts. Businesses providing goods and services to the 
oil industry and local and state governments would lay off 
workers. With the loss of employees, the loss of income would 
further cause a reduction of spending, jobs, and income and 
could lead to a contracting economy. At the same token, large 
increases in resource development spending in Alaska can 
create and support direct and related spin-off jobs. 

 
 

For more information please contact: 
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(617) 227-8885 
www.geoadaptive.com 

Dr. Olivia Lee | UAF - PI 
olivia@gi.alaska.edu 
(907) 474-6832 
http://accap.uaf.edu/?q=projects 

 
A big change in the Alaska economy since statehood has been 
the growth of industries providing goods and services that as 
recently as the 1960s, were unavailable locally. To a large 
degree, this diversification is traceable to spending by the 
petroleum sector and federal government.  
     Climate change related policies to reduce emissions and 
carbon sequestration technology could affect future demand 
for fossil fuels, while climate change effects (e.g. erosion, 
accessibility for tundra travel or shipping) may affect the cost of 
development activities in the Arctic. 
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Scenarios for Energy and Resource Development on the 
North Slope and Adjacent Seas  Research and Monitoring 

Prioritization for the NSSI 
 

 

Overview 
 
Permafrost is ground with temperatures less than 0⁰C for at least 
two consecutive years (1). It is frozen ground ice that does not 
thaw in summer. Permafrost perches water near the surface, 
making soils wet and runoff fast. Most of the North Slope belongs 
to the continuous permafrost zone with a thickness greater than 
200 m, and can reach maximum depths over 600 m in Prudhoe 
Bay (2). Overlying the permafrost is the active layer which freezes 
and thaws annually. 
 
The Arctic coastal plain landscape is dominated by permafrost-
related landforms including patterned ground, ice-wedge 
polygons, pingos, thaw lakes and beaded streams. The Beaufort 
coast soils are extremely ice-rich and are vulnerable to thaw. 
South of the North Slope warming temperatures influence the 
northward movement of the southern permafrost boundary.  
 
In the marine environment subsea permafrost can be found in the 
continental shelf from the coast to water depths of about 100 m. 
The state of subsea permafrost is affected by water temperatures 
and sediment salinity (3). 
 
 
 

Permafrost Degradation 
 
Summary 
 
The continuous permafrost zone on the North Slope plays a large 
role in the landscape, affecting ground stability, hydrology, 
downslope movement of soil, habitat and human activities in the 
region. Observed increases in permafrost temperatures and 
increasing permafrost thaw have expanded thermokarst, 
increased erosion, and affected the flow of water above and 
below ground. Climate change and changing fire regimes may also 
affect rates of permafrost thaw. Thawing permafrost also releases 
methane and carbon dioxide causing positive feedbacks for 
climate change.   
 
Permafrost degradation acts as a driver in resource extraction 
activities by decreasing ground stability, and increasing the 
potential hazards to building foundations, roads and airstrips 
from thaw subsidence and erosion. Changes in hydrology related 
to permafrost degradation may also affect water availability for 
resource extraction and energy development.   
 

Permafrost formation 
 
Permafrost formation is mostly climate-driven. Permafrost 
forms when summer warmth is not sufficient to thaw the 
ground that freezes in winter. As layers of vegetation or peat 
form over the permafrost it can insulate the ground from thaw. 
This subsequently reduces the active layer depth. Ice wedges 
are the most common form of ice that occur as a result of rapid 
cooling during winter that causes the formation of thermal 
contraction cracks. These cracks can then get filled by water and 
undergo repeated cracking, filling, and freezing to form large ice 
wedges. Pingos, buried ice and tabular massive ice bodies are 
other forms of large ground ice masses. Polygonal features 
observed on the North Slope form as a result of boundaries 
between ice wedges. 
 
Permafrost thaw 
 
The upper permafrost in the Arctic coastal plain has a total 
content of over 70% ice by volume (2). Thermokarst, which is 
ground subsidence due to thaw of permafrost, and thawing 
permafrost is a threat to much of this region. Thawing 
permafrost is influenced by many factors. Snow and water 
accumulation in polygon troughs may speed up thaw while 
vegetation growth may reduce thermokarst or lead to recovery 
of ice wedges (6,8). Soil moisture, substrate and heat transfer 
modes also can affect rates of thermokarst. 

 
 
Figure 1. Eroding low-centered polygons in the North Slope. 
Photo: Ronald Daanen.  
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As permafrost thaws it can affect the stability of the ground and 
result in the release of previously stored carbon. Thawing 
permafrost results in the formation of thermokarst lakes which 
in turn influences the hydrology of the North Slope causing 
landscape-wide changes.  
 

Trends 
 
Permafrost temperatures on the North Slope have shown 
trends of increasing temperatures over the last decade. The 
magnitude of warming on the North Slope ranges from 2-3⁰C 
(4) since the 1980’s. Active layer thickness has increased in 
some sites and decreased in some sites on the North Slope (7), 
but has been more variable by site and year.  
 
Risk of subsidence due to permafrost thaw is likely to increase  
from 2010 to 2050 for large parts of the study area, and 
particularly in Northwest Alaska (5). Within Prudhoe Bay 
thermokarst formation has been expanding across the 
landscape resulting in more small ponds and active lake erosion 
(6). 
 

 
 Figure 2. Map of continuous and discontinuous permafrost  in Alaska (a) with permafrost temperature measurements at 20 m  
(b), and 15 m (c). Source: Romanovsky et al. 2013 (4) 

Uncertainties 
 
Projected changes in permafrost do not directly correspond 
with changes in air temperatures.  Uncertainties in human- 
caused changes to vegetation, variation in ground ice content, 
snow cover, vegetation, soil properties and ecosystem 
characteristics can affect rates of permafrost degradation. We 
also do not know the ground ice content in many areas which 
is important because it controls the amount of potential 
subsidence in an area.  
 
Fires: Most fires in the North Slope result from lighting strikes 
and could increase permafrost thaw. Climate change and 
increasing human activities could influence future fire regimes 
(e.g. through changes in vegetation), but changes in fire regime 
and its effect on permafrost is difficult to predict.   
 
Technology improvements: Even in areas identified as high 
risk for permafrost thaw and subsidence it is difficult to predict 
the timing and magnitude of thaw that could affect the 
integrity of structures in the region. New technology may help 
to decrease the potential negative effects of permafrost thaw, 
but the long-term success of such applications are not well 
known.  
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Driver interactions 
 
Resource development 
Projected changes in temperature and permafrost thaw lead to 
increasing erosion, ground subsidence and changing hydrology.  
Permafrost-associated erosion threatens buildings, roads, 
airstrips and other infrastructure. Support pilings may need to 
be deeper to allow for less stable warming permafrost. 
Alternatively, structures such as those used in the Trans Alaska 
Pipeline System could be installed to remove heat and reduce 
permafrost thaw. Delayed freezing of the active layer can 
reduce the duration of permitted tundra travel.  Frost heaves 
and differential thaw settlement can damage roads and 
pipelines. Although not specifically related to warming, large, 
moving lobes of frozen debris can cause potentially hazardous 
road conditions that may also damage structures. The 
relationship between permafrost, thermokarst and hydrology 
also has the potential to impact activities that require a reliable 
source of water for extraction and use in ice-road construction 
but the impacts on water access are not well known.  
 
Other driver interactions 
Indigenous communities are threatened by permafrost-thaw 
and erosion that affects the stability of homes, critical 
infrastructure and culturally important sites. However, to date 
the human-caused surface disturbance on permafrost has been 
greater than climate-driven permafrost thaw. Permafrost thaw 
can also affect drainage and water flow, soil erosion, slumps, 
siltation of streams and lakes, soil moisture and nutrient 
supplies. These in turn may change vegetation, and 
subsequently affects the habitat and food sources for many 
species of fish, birds and mammals.  Gases such as methane and 
carbon dioxide are released by thawing permafrost (both 
terrestrial and subsea), potentially increasing the feedback of 
warming effects from climate change. Climate change may also   
affect the duration and severity of wildfires that subsequently 
impacts permafrost thaw rates. 
 

Monitoring efforts 
 
Permafrost monitoring on the North Slope includes a network of 
sites that measure aspects of permafrost change (e.g. borehole 
temperatures, active layer depths) run by the USGS, the 
University of Alaska Fairbanks Permafrost Laboratory and 
partnerships with the Circumpolar Active Layer Monitoring 
(CALM) Network. Increasingly, remote sensing techniques are 
being utilized (e.g. SAR, LandSAT) to monitor permafrost 
degradation and large-scale changes in the landscape. 
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Welcome!

Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas

On behalf of the North Slope Science 
Initiative, University of Alaska Fairbanks, 
and GeoAdaptive, we would like to 
welcome you to the first in a series of 
workshops designed to explore the 
plausible future of energy and resource 
development on Alaska’s North Slope and 
adjacent seas and identify the long-term 
science needed to manage resources 
effectively.

Please take a few minutes to browse the 
poster gallery to review the goals of this 
project, how this workshop fits into the 
process, and key background information 
about some of the potentially important 
factors driving change in development 
patterns in the region.

Day 1
Morning:
• Check-in and poster gallery
• Welcome and introductions
• Understanding the Purpose 
of Scenarios

• Review of State of 
Knowledge

Afternoon: 
• Activity 1: Driver Exploration 

Day 2
Morning:
• Gallery
• Welcome, Review of Day 1
• Activity 2: Identification 
of Storylines and Scenario 
Identification

Afternoon
• Activity 2: Identification 
of Storylines and Scenario 
Identification

• Review Next Steps

Scenarios Identification Workshop
Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas

About the Project
The team will provide a systematic assessment of the range of plausible 
development scenarios in a manner that will contribute to refinements of 
specific long-term research and monitoring priorities. The following steps will 
be taken in addressing this objective:

1. Identify plausible future development scenarios on Alaska’s North Slope and 
adjacent seas;

2. Identify information needs for decision-making relative to those scenarios 
and prior NSSI emerging issue analyses; and,

3. Use project results to enable more effective coordination of the identified 
research and monitoring needs.

The goal of this first workshop is to initiate the process of scenario identification 
(step 1), in order to analyze potential changes.

Scenarios Identification Workshop
Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas

Focal Question:
What is the future of energy development, 
resource extraction, and associated support 
activities on the North Slope and adjacent 
seas through 2040?

Annex 4: Workshop Posters

The region encompasses the land north of the Brooks 
Range, from the Canadian border in the east to the 
Lisburne Peninsula and Kivalina to the west. Both the 
Beaufort and Chukchi Seas are also included in the 
project region, from the state-owned waters near shore 
to the limits of the US Exclusive Economic Zone.* 

*In order to maximize legibility, only the regions of the Beaufort and Chukchi Seas with active leases are shown.

Scenarios Identification Workshop
Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas

Project Region

project region: approximately 294,000 sq miles (761,000 km2) (land and sea)

population: 9,643 according to the 2012 U.S. Census (North Slope Borough)

Arctic Alaska Petroleum Province:  28 billion barrels of oil & 122 trillion cubic feet of nonassociated gas
(estimates of undiscovered, technically recoverable resources, USGS, 2012)

Glossary of Key Terms
Following are a few key terms used in the context of this workshop and related project materials:

Scenarios Identification Workshop
Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas

A narrative description of changes that may 
take place within the region under a specific 
scenario, as defined by priority drivers.

Storyline

Identification and evaluation of plausible 
alternative futures for a region, in light of the 
identified driving forces and key uncertainties, 
in order to assess the implications of these 
alternative futures on the natural and 
socioeconomic resources of the region, and 
inform and prioritize long-term research and 
monitoring decisions for resource managers.

Scenario process

Also known as “driving forces”, or simply 
“drivers”, these are factors or conditions 
which collectively will influence the 
trajectory, magnitude and speed of changes 
that are relevant to the focal question.

Drivers of change

Directional changes that are relevant to the 
focal question (i.e., that may influence or be 
influenced by the outcomes to that question) 
and are sufficiently clear that they are to 
some extent predictable.

Trends

Characteristics of systems that may be 
relevant to the focal question, but about 
which limited knowledge is available or over 
which there is disagreement about their 
current or future state.

Uncertainties

Workshop 1
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Scenarios Identification Workshop
Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas

Scenario Process
The scenario identification process has 5 main steps. 

Identify 
Driving 
Forces

The first step involves 
the identification 
of the driving 
forces (drivers) 
that will influence 
the variables and 
assumptions used in 
the scenario

Identify 
Key Trends

The second step 
focuses on the 
identification of 
uncertainties that can 
become challenging 
variables. 

Identify Critical 
Uncertainties

The third step involves 
the identification of key 
trends that will drive 
the scenarios. 

Simulate
Plausible 
Scenarios

The fourth step is 
the simulation of 
alternative futures 
based on based on 
conceptual scenarios. 

Discuss 
Implications & 

Paths
?

?

?

Once the modeling is 
completed, the fifth 
step is quantifying and 
comparing the outcomes 
of each scenario. This 
information can be 
used by stakeholders 
and decision makers to 
test different plausible 
scenarios and make more 
informed decisions.  

The following steps will guide the activities for this first workshop:

 

Review state of 
knowledge 

for key drivers

 
Assess possible future 
conditions of drivers 

and their key 
relationships

 
Identification of 

plausible storylines 
from a series of 

predefined driver ranges 

 

Selection of most 
plausible scenarios for 

analysis

Resource 
Extraction
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Study Area Boundary

Trans Alaska Pipeline System
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Red Dog Mine Road

Anadromous Streams

Lakes and Ponds
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North Slope & Adjacent Seas - Resource Extraction Activity

Chukchi Sea Beaufort  Sea

Enhanced Oil Recovery using CO2 (water alternating gas) (NETL, 2010)

Mineral deposits and occurrences in the western and central Brooks Range (USGS, 2008)

North Slope oil production (barrels per day) (AKDNR, 2012)

Trends and Uncertainties:

• Declining oil production rate from current fields, 
enhanced oil recovery and modern drilling techniques 
being used to extend life of fields.

• Expansion into northeastern NPRA, east to Point 
Thomson, exploration in Chukchi Sea.

• LNG pipeline from North Slope to south central 
Alaska under active consideration. Current projections 
indicate that new discoveries may continue to supply 
oil to TAPS for decades.

Scenarios Identification Workshop
Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas

Current Conditions

Before 1900

Oil seepages used by 

Alaska Natives

Scenarios Identification Workshop
Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas

Resource 
Development
Timeline

Resource 
exploration has 
occurred in this 
region for over 
114 years

Before 1900

Oil seepages used by 

Alaska Natives
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Climate and 
Environment

Trends and Uncertainties:

• Measurable changes are occurring in permafrost 
active layer depth, coastal erosion and temperature 
ranges.

• Resource exploration and extraction projects 
consider and potential impacts to subsistence 
resources and listed species.

• Declines in summer sea ice extent, multiyear ice, 
and earlier break-up have implications on wildlife, 
subsistence whaling, and shipping.

Scenarios Identification Workshop
Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas

Source: Arctic Monitoring and Assessment Program, 2013

Source: Arctic Monitoring and Assessment Program, 2013

Current Conditions

Source: ASRC, 2014
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Prioritizing Science Needs Through Participatory Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas 

75

Local Economy 
& Food Security

Scenarios Identification Workshop
Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas

Current Conditions

Trends and Uncertainties:

• Increased involvement by community members in 
the resource extraction industry.

• Continued reliance on subsistence resources among 
Alaska Natives on the North Slope.

• The recently established corporation called Arctic 
Iñupiat Offshore, LLC (AIO) represents a partnership 
between Arctic Slope Regional Corporation, six North 
Slope villages, and Shell Oil to plan development of 
OCS resources.

Nalukataq Blanket Toss - Barrow (Floyd Davidson (Wikipedia), 2013)

Household adults participating in subsistence activities (Survey of Arctic Living Conditions, 2007)

Source: Summary of Marine Subsistence Uses - Barrow and Wainwright, Alaska (Pew Charitable Trusts, October 2012)

Subsistence hunting near Barrow, Alaska (Source: Adrienne Boland, Alaska Business Monthly, 2010)

Capelin (Source: www.north-slope.org))

White fish (Source: www.north-slope.org))

Trends and Uncertainties:

• Gravel drilling pads transitioning to smaller footprints 
(ex. Alpine), partly due to greater use of extended 
reach drilling technology.

• Increased interest in accessing the region’s natural 
gas reservoirs would require a new pipeline and related 
processing facilities.

• A major discovery in the Chukchi Sea may require 
additional transport pipelines and port infrastructure 
to support offshore platforms.

• Development of coal and mineral deposits would 
rely on construction of new roads to access remote 
regions of the western North Slope.

Source: A Synthesis of Existing, Planned, and Proposed Infrastructure and Operations Supporting Oil and Gas Activities and Commercial Transportation in Arctic Alaska 
(Kevin Hillmer-Pegram, University of Alaska Fairbanks, 2014)

Oil and gas development footprint change, 1970 to present (Modified from NSSI Report to Congress, 2008)

North Slope infrastructure expansion from 1968 to 2011. (a) Total quantity of each infrastructure type. (b) 
Cumulative road length (km). (c) Area impacted (ha) by infrastructure type (Raynolds et al, 2014)

Infrastructure

Scenarios Identification Workshop
Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas

Current Conditions

Oil Pipeline - North Slope ( Source: cdn.history.com) 

The products of this workshop will be critical in developing the upcoming phases of the scenario 
process:

Final identified scenarios will be used to guide the spatial scenario analysis, specifically 
the identified driver ranges and maps of potential changes in the region.

The results of the scenario identification and spatial analysis will be reviewed and presented 
at the upcoming Scenario Implications Workshop.

In the third workshop, effective research and monitoring strategies for each plausible 
scenario (or common across scenarios) will be developed, based on the results of the 
second workshop.

Throughout the next several months there will be additional opportunities to provide feedback 
on the scenario products, recommendations and reports. 

Please keep an eye out for more updates, and thank you in advance for your 
valuable input!

Next Steps
Scenarios Identification Workshop
Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas

1.

2.

3.

Current Monitoring 
Efforts

Scenarios Identification Workshop
Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas

Monitoring Efforts Name  of Agency/Person in charge of efforts

Are you aware of any current monitoring efforts for the 
drivers discussed in this workshop? Please help us identify 
which drivers are being monitored, and indicate the name 

of the contact person/agency.

Workshop 1
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Welcome!

Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas

On behalf of the North Slope Science 
Initiative, University of Alaska Fairbanks, 
and GeoAdaptive, we would like to 
welcome you to the second in a series 
of workshops designed to explore the 
plausible future of energy and resource 
development on Alaska’s North Slope and 
adjacent seas and identify the long-term 
science needed to manage resources 
effectively.

Please take a few minutes to browse the 
poster gallery to review the goals of this 
project, how this workshop fits into the 
process, and key background information 
about some of the potentially important 
factors driving change in development 
patterns in the region.

Day 1

Morning:

•	Check-in and poster gallery

•	Welcome and introductions
•	Opening Exercise: Implications 

of Past & Future Energy & 

Resource Development
•	Review of Workshop 1

Afternoon: 
•	Activity 1: Prioritizing 

Implications Categories

Day 2

Morning:

•	Gallery

•	Welcome, Review of Day 1
•	Activity 2: Implications and 

Triggers

Afternoon
•	Activity 2: Exploring the 

Geographic Extent of 

Implications

•	Review Next Steps

Scenarios Implications Workshop
Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas

Glossary of Key Terms
Following are a few key terms used in the context of this workshop and related project materials:

Scenarios Implications Workshop
Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas

A narrative description of changes that may 
reasonably take place within the region and 
timeframe under a specific scenario.

Storyline

Anticipated effects on human activities, 
infrastructure, or natural systems resulting 
from the changes identified in the selected 
development scenarios.

Implications

Identification and evaluation of plausible 
alternative futures for a region, in light 
of the identified driving forces and key 
uncertainties, in order to assess the 
implications of these alternative futures on 
the natural and socioeconomic resources 
of the region.  In the NSSI scenario process, 
these will then be used to inform and 
prioritize long-term research and monitoring 
decisions for resource managers.

Scenario process

Specific elements of future development, 
resource extraction, or other natural changes 
in the project region, based on the scenarios 
identification process.

Features

An event or process, related to energy and 
resource extraction or climate change and 
other natural phenomena, which may cause 
a direct implication within the project region.

Trigger

Scenarios Implications Workshop
Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas

Workshop Process
The scenario implications identification process has 5 main steps. 

Prioritize 
Implications

The first step involves 
identifying the most 
critical implications of 
the scenarios.

The third step focuses 
on the selection 
of features of the 
development scenarios 
that may trigger 
changes.

Selection of 
Features

Evaluate 
Implications

The second step 
involves arranging the 
implications in terms of 
the expected intensity 
and geographic extent, 
as well as existing level of 
knowledge.

Identify
Critical 

Implications

The fourth step is the 
identification of the 
direct implications 
and secondary 
consequences.

Mapping & 
Selection of 
Implications

Finally, after mapping 
the locations of changes 
under each scenario, a 
selection process will 
be used to determine 
the most plausible 
implications.

The following steps will guide the activities for this workshop:
 

Prioritize scenario 
implications

 

Identify scenario 
features expected to 

trigger changes

 

Identify and 
characterize critical 

implications

 

Map and select 
plausible implications 

for each scenario

X
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Workshop 1 Overview
Scenarios Implications Workshop
Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas

Driver Prioritization

Scenario Identification & Selection

Demand for energy/materials

Oil/gas production tax code

PAST (since 1960) DRIVERS O
F CHAN

GE

Climate change

Threatened/Endangered species & 
critical habitat 

Extent of sea ice

Coastal erosion

Permafrost degradation

Price of oil and gas

Regulatory environment 
(state/federal)

Development of oil/gas outside of 
Alaska

Community environmental health 
and food security

Environmental disasters (e.g. spills)

Local (village/borough) economy

Global political stability

Community decision making/stance 
on development

Price of other commodities 
(coal, metal, etc.)

Infrastructure

New technology

     Other:      Other:

Workshop 2
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Narrative:

• Global political instability encourages 
greater US energy development, 
including in Alaska.

• Policies for climate change and emissions 
do not limit all fossil fuel use, but focus 
primarily on limiting coal use.

• There are no major environmental 
disasters in Alaska or the Russian Arctic.

• Oil and gas development on the 
North Slope is highly profitable and is 
coupled with a permissive regulatory 
environment, decreased fracking in 
the lower 48 states, and decreased 
production overseas.

• Large investments in new R&D 
technology (exploration & development) 
as well as spill prevention and response 
and some investment for renewable 
energy.

• Significant new infrastructure 
development occurs both onshore and 
offshore and is not significantly affected 
by climate change or sea ice conditions.

• There is an increase in jobs and revenue 
to North Slope communities. Industry 
activities strain community infrastructure 
& have social impacts, but new 
infrastructure put in place as mitigation 
measures helps to reduce the cost of 
energy/ utilities to communities.

• There are direct impacts on subsistence 
species, and food security despite 
mitigation measures to reduce 
subsistence impacts.

High 
Development

Scenarios Implications Workshop
Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas

Selected Scenarios
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Narrative:

• Moderate profitability of oil & gas 
development on the North Slope is linked 
to the regulatory environment that may 
counter the effects of high oil prices.

• Business as usual climate policies 
do not negatively affect oil and gas 
development. No major environmental 
disaster occurs in the Arctic.

• There is a stable or low demand for 
energy.

• No significant new infrastructure projects 
occur but incremental infrastructure 
development takes place in NPRA and 
the Beaufort Sea.

• There are moderate investments in 
new technology but no investments to 
support heavy oil extraction in Alaska.

• Modest revenue sharing has some 
benefits to the State & Borough, and 
provides some support for local economy 
and jobs.

• There is a medium level of impact on 
subsistence activities. Some mitigation 
measures put in place reduce impacts 
from industry activities.

Medium 
Development

Scenarios Implications Workshop
Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas

Selected Scenarios

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

Chukchi Sea
Oil/Gas Activity

Chukchi Sea
Shipping

Northeast NPR-A
Oil/Gas Activity

Greater Prudhoe
Bay Oil/Gas Activity

Camden Bay
Oil/Gas Activity

Point Thomson
Oil/Gas Activity

North Slope
Foothills

Oil/Gas Activity

Beaufort Sea
Shipping

Arctic National
Wildlife Refuge

Noatak
National
Preserve

Gates of the
Arctic National

Park & Preserve

National
Petroleum

Reserve - Alaska

Deadhorse

Christian

Barrow

Atqasuk

Chandalar

Anaktuvuk
Pass

Arctic
Village

Kivalina

Kaktovik

Nuiqsut

Point
Hope

Point
Lay

Noatak

Umiat
Wevok

Wainwright

National Petroleum Reserve

National Wildlife Refuge

National Park

National Preserve

National Monument

Alaska Maritime NWR

Alaska Native Corporation Lands

National Wilderness Area

Study Area Boundary

Trans Alaska Pipeline System

Greater Prudhoe Pipelines

Lakes, Ponds and Anadromus Streams

Development Type

Drilling Platforms and Pads

OCS Lease Blocks

Oil and Gas Units

Development Type

Pipelines

Shipping Lanes

Roads

0 50 100
Km ±

Chukchi Sea Beaufort  Sea

Medium Development Scenario

Narrative:

• For reasons related to climate change 
& public perception, coupled with 
environmental disaster, federal 
government has shut down offshore 
activity.

• Lack of access to resource & sufficient 
price cause companies to shut down 
exploration and production, which results 
in closure of pipeline.

• Engineering and technology solutions 
aren’t cost-effective enough to avoid this 
outcome.

• Onshore export related infrastructure is 
dismantled, TAPS is transferred to State 
of Alaska (?)

• Local resources are developed for 
community use, though restrictive 
federal policy results in declining 
economics.

• Lack of economic opportunity causes an 
exodus of people and resources from the 
state.

• Corresponding factors include no smaller 
companies coming in to replace majors, 
balance of economics.

• State introduces a number of initiatives – 
income tax, fiscal policy, coinvestment – 
which fail

• Social and academic systems fail.
• If North Slope shuts down, Cook Inlet 

becomes center of oil & gas activity.

Low 
Development

Scenarios Implications Workshop
Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas

Selected Scenarios
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Low Development Scenario

TAPS and other pipelines are shut down,
no new development occurs.

Both Point Lay and Atqasuk shift to seasonal
use for subsistence hunting and fishing.

The products of this workshop will be critical for the last phase of the scenario process:

The priority implications selected and characterized by you at this workshop will be used 
to inform the development of the third and final workshop in the NSSI Scenarios Project, 
the Research & Monitoring Needs Workshop.

The results of your work on the scenario implications selection and mapping process will 
be reviewed and presented at that final workshop.

In the final workshop, effective and targeted research and monitoring strategies for each 
plausible scenario (or common across scenarios) will be developed, based on the results 
of this workshop.

Throughout the next few months there may be additional opportunities to provide feedback on 
the scenario implications, recommendations and reports. 

Please keep an eye out for more updates, and thank you in advance for your 
valuable input!

Next Steps
Scenarios Implications Workshop
Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas

1.

2.

3.

Workshop 2
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Welcome!

Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas

On behalf of the North Slope Science 
Initiative, University of Alaska Fairbanks, 
and GeoAdaptive, we would like to 
welcome you to the last of a series of 
workshops designed to explore the 
plausible future of energy and resource 
development on Alaska’s North Slope 
and adjacent seas, and identify the long-
term research and monitoring needed to 
manage resources effectively.

Please take a few minutes to browse the 
poster gallery to review the goals of this 
project, how this workshop fits into the 
process, and the important implications  
of regional drivers of change in high, 
medium and low development scenarios.

Day 1
Morning:
• Check-in and poster gallery
• Welcome and introductions
• Opening Exercise: Current 
and future R&M efforts

• Review of Workshop 2

Afternoon: 
• Activities 1 & 2: Identification 
of current and future R&M 
efforts

Day 2
Morning:
• Poster gallery
• Welcome & Review of Day 1
• Activity 3: Prioritization of 
future R&M efforts

• Activity 4: Indicator 
development for R&M efforts

Afternoon
• Activities 5 & 6: Group 
presentations and selection of 
prioritized R&M efforts

• Concluding exercise
• Review of next steps and 
discussion of project results

• Workshop evaluation

Research & Monitoring Workshop
Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas

About the Project
The team will provide a systematic assessment of the range of plausible development 
scenarios in a manner that will contribute to refinements of specific long-term research 
and monitoring priorities. The following steps will be taken in addressing this objective:

1. Identify plausible future development scenarios on Alaska’s North Slope and 
adjacent seas;

2. Identify information needs for decision-making relative to those scenarios and prior 
NSSI emerging issue analyses; and,

3. Use project results to enable more effective coordination of the identified research 
and monitoring needs.

The priority of this workshop is to discuss and identify, with scenario-informed 
guidance, what kind of research and monitoring will be needed to detect, assess, 
and respond to the identified range of plausible development-driven changes on 
the North Slope and adjacent seas.

Research & Monitoring Workshop
Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas

Focal Question:
What is the future of energy development, resource 
extraction, and associated support activities on the 
North Slope and adjacent seas through 2040?

Research & Monitoring Workshop
Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas

Workshop Process
The research and monitoring (R&M) efforts identification process has 5 main steps. 

The third step focuses 
on the evaluation and 
prioritization of the 
efforts identified in the 
second step. 

Prioritize 
R&M efforts

X X X

√        √ 

     √ 

    √   √ 

Identify key current 
R&M efforts

The first step involves 
identifying key 
current research and 
monitoring efforts 
for the identified 
implications.

?
?

?
?

X
X
X

Identify future 
R&M efforts

The second step involves 
identifying future efforts 
necessary to detect, 
assess and respond to 
the shifting conditions in 
the study region. 

?
?

?
?

X
X
X

Indicator 
development

The fourth step 
involves the 
development of 
relevant indicators 
for each prioritized 
research and 
monitoring efforts.

The following steps represent the key steps guiding the scenario process for this project:  

Workshop 1: 
Scenarios Identification

(November 2014)

Workshop 2: 
Scenarios Implications

(June 2015)

Workshop 3: 
Research and Monitoring

(February 2016)

Ranking of 
prioritized R&M 

efforts

The final step focuses 
on the ranking of 
prioritized research 
and monitoring 
efforts. 

X
X
X

√

√

√

  

Identification, mapping, 
characterization and 
selection of critical and 

plausible implications 
for each scenario

 

Identification of key current 
practices and future research 

and monitoring needs 

Summary and integration 
of the results of all three 
workshops to better inform  

resource management 
decision-making in the North 

Slope and Adjacent Seas

 

Review state of knowledge 
for key drivers, and 

selection of most plausible 
development scenarios for 

analysis (high, medium, low)

Understanding 
Context

Exploring 
Implications

Identifying Research 
and Monitoring Efforts

Compilation and 
Outreach

Overview: Workshop 1 I Scenario Identification

Overview: Workshop 2 I Scenario Implications

Research & Monitoring Workshop
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Driver Prioritization

Assessment, Characterization and Prioritization of the implication Sub-categories Final Presentation & Selection

Identification of Implications and Geographic Extent

Scenario Identification & Selection

Workshop 3
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Research & Monitoring Workshop
Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas

Scenario Implications
High development scenario

• Three groups were identified as having 
similarly plausible sets of implications. 

• Specifically, marine oil spills were selected 
as a highly plausible implication by 
all three groups. Secondary effects of 
marine oil spills identified by participants 
include change in the availability of game, 
increased environmental contamination, 
and ecosystem damage. Two groups 
indicated that these changes may happen 
near Barrow, Wainwright, Point Lay, Point 
Hope, Nuiqsut, and Deadhorse. 

• Increased levels of development caused 
by the expansion of oil and gas activities 
cause additional implications upon the 
sub-categories of marine mammals 
(subsistence) and hunting and trapping 
on land. These implications would also 
impact local health and safety and 
community cultural practices.

•  Plausible implications were also 
identified within the sub-categories of 
hydrology and sea ice due to changes in 
hydro regime caused by the increase in 
development and related infrastructure.  

• Coastal villages are expected to be 
influenced by changes in seasonal sea ice 
and experience some degree of coastal 
erosion. 

High
Development

Group C

Group D

Group E

Scenario Implications
Medium development scenario

Low development scenario

• Implications were mainly identified under the 
sub-categories of marine oil spills, community 
culture, marine mammals (subsistence), and 
health & safety.  

• All villages are expected to experience effects 
related to community culture, health & safety, 
and oil spills – many of which are associated 
with changes in the availability of subsistence 
resources. Therefore, changes may occur in the 
diet and behavior of local residents, ultimately 
influencing their health. 

• In both the Chukchi Sea and Beaufort Sea, 
participants indicated implications on marine 
mammals and ESA-listed species. Increased 
offshore activities are anticipated to generate 
conflicts with critical habits and marine 
mammals used for subsistence, ultimately 
causing unknown long-term impacts to the 
marine ecosystem. 

• Decommissioning & reclamation of 
infrastructure was identified as an implication 
of concern. As infrastructure reaches the end of 
its useful life, it requires decommissioning and 
remediation to prevent chronic contamination. 
The most plausible implications indicate that 
these changes will likely happen near Nuiqsut, 
Deadhorse, and both east and west of the TAPS 
Pipeline. 

• The shortage of revenues to fund state services 
and programs also ranked as a plausible 
implication.  The decline of oil processing and 
high production costs lead to the reduction 
of state investment in infrastructure and 
education, fewer jobs, and increased out-
migration. The effects of these changes are 
expected to be most profound in Kivalina, Point 
Hope, Point Lay, Wainwright, Barrow, Nuiqsut, 
Kaktovik, and Atqasuk.  In particular, at Kaktovik, 
Nuiqsut, and Deadhorse, participants indicated 
that declining oil prices may cause tribal 
governments to rely more on federal funding 
due to lower revenues from resource extraction.

• Additionally, climate change could lead to 
a decrease in the disturbance of marine 
mammals, but an increase the pressure on land-
based subsistence species and freshwater fish.

Research & Monitoring Workshop
Scenarios for Energy and Resource Development on the North Slope and Adjacent Seas

Group D

Group C

Medium
Development

Low
Development

Workshop 3
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