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Abstract

In 2011, the U.S. signed the Arctic Search and Rescue (SAR) Agreement, a landmark treaty
that gives the U.S. responsibility for conducting SAR in a slice of territory that surrounds Alaska
and stretches to the North Pole. This agreement coincides with rapid economic, environmental,
and military changes that have the potential to bring more people into the Arctic region.
Increased human activity in the extremely remote and inherently risky region raises the question:
is the U.S. prepared to handle its SAR responsibilities in the Arctic?
To address U.S. preparedness for the Arctic SAR mission set, this dissertation examines three
research questions.
1. What is the current demand for Arctic SAR, and what factors affect its future trajectory?
2. What is the current U.S. capability for supplying SAR in the Arctic, and how is it
changing?
3. Is the U.S. able to respond effectively to a challenging set of potential future Arctic SAR
cases?
This dissertation finds that present demand for Arctic SAR is very low, and future demand is
highly uncertain. In the past 10 years, the Air Force and the Coast Guard have collectively
averaged less than two Arctic SAR case per year. Looking to the future, demand for Arctic SAR
is a function of human activity and level of risk. Human activity is currently on a slightly
increasing trajectory, but from a very low baseline and with a highly uncertain future. Level or
risk is moving in the opposite direction, with decreasing accident rates in aeronautical and
maritime environments. Focusing specifically on Alaska, both Rescue Coordination Centers
(RCCs) have witnessed decreasing caseloads in the last 10 years. At the same time, satellite
technology continues to improve the access to information by Arctic operators, which improves
decision making and further mitigates risk. That being said, accidents will continue to happen in
the Arctic, and the unique challenges of the region present formidable obstacles to SAR
responders.
This dissertation finds that the supply of Arctic SAR from any one organization is
insufficient, but taken as a whole, the combined capabilities of all the potential participating
organization is substantial. Both the Alaska Air National Guard and Coast Guard have made
Arctic SAR preparations to be able to provide some capability in the Arctic, including forward
deployed seasonal helicopters, and air droppable support resources. In addition, the high
prevalence of DoD assets based in Alaska, notably the Army CH-47s and UH-60s based in
Fairbanks, provide a considerable boost in capability and capacity. The North Slope Borough
SAR organization can also provide a year-round quick response capability which can be
requested. Improvements in satellite technology have also solved a number of Arctic SAR
vii

information challenges, which improves the supply of SAR making the application of these
resources more efficient. Technology solutions are largely solving the “search” problem.
From the scenario analysis, this dissertation finds that the U.S. has the technical capacity to
respond to stressing Arctic SAR scenarios, but numerous potential failure points could prevent
successful operational execution. Looking across the three scenarios analyzed, this dissertation
condenses the identified failure points into five key challenges: (1) overcoming Arctic weather
conditions, (2) relying on non-organic assets, (3) supporting survivors, (4) overcoming the lack
of medical services on the North Slope, and (5) coordinating the response between multiple
organizations.
All in all, Arctic SAR is a low-probability-high-impact mission set for which the Air Force
and the Coast Guard are fairly well postured. Large-scale investment is not required, but
marginal policy changes can improve the overall preparedness of the Arctic SAR system. Along
these lines, the five key challenges are used as the basis for formulating policy recommendations
for the Air Force and Coast Guard. For the Air Force, this dissertation recommends creating a
formal requirement for the Arctic Sustainment Package, and developing a forward-deployed
medical capability. For the Coast Guard, this dissertation recommendations continuing to fund
Arctic Shield while exploring alternative basing arrangements, and developing a package to
quickly set up receiving facilities to support survivors on the North Slope as they await rescue by
chartered aircraft. For both organizations, this dissertation recommends conducting joint
exercises with non-SAR organizations that would be likely to be called for larger Arctic SAR
events, and monitoring “signposts” to determine if changes to the Arctic necessitate strategic
reassessment.
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Chapter One: Introduction

Motivation and Background
The mission of search and rescue (SAR), at its very core, is about promoting human dignity.
It is about ensuring that should misfortune arise, there are men and women ready to respond and
provide the necessary support to stave off loss of life or limb. It is a service provided by the
government for its people, by the military for its service members, and it is a very difficult
service to provide. Accidents often occur in the least accessible terrain, and with the worst
weather conditions. Precarious situations necessitate rapid response times and often the delivery
of emergency medical care. To overcome these formidable challenges, the SAR system requires
an information system that can swiftly notify SAR responders of distress, highly trained
individuals standing alert nearby ready to respond, and response assets that can operate in any
environmental condition. These features of the SAR system can be found in almost any location
in the U.S. with one notable exception: the Arctic.
Figure 1.1. The U.S. Arctic

In the Arctic, the SAR system is far from robust. Traditional information systems are less
effective because satellite coverage of the high northern latitudes is limited and ground-based
infrastructure is lacking. There is no permanent United States Air Force (USAF) or United States
Coast Guard (USCG) SAR presence north of the Arctic Circle, and response assets face some of
1

the most unforgiving environmental conditions that exist on earth. Historically, the lack of robust
SAR services in the Arctic has not been problematic because human activity in the region has
been equally lacking. The two mains sources of human activity in the Arctic—Alaskan Natives
and oil companies—are self-sustaining and provide SAR support for their own populous.
However, recent environmental, economic and military changes to the region threaten to alter the
balance.
Climate change has greatly reduced sea ice coverage in the region, which has enabled
expanded human activity in the maritime environment. The current reductions, and projected
future reductions, make the high concentration of natural resources in the region much more
accessible for extraction. Shipping lanes, both the Northwest Passage atop the U.S. and Canada
and the Northern Sea Route atop Russia, are becoming viable for brief but expanding windows
of time each summer. Cruise tourism to the region is on the rise, with large cruise ship expanding
operations in the high north. In the aeronautical environment, the lack of roads, ports, and other
infrastructure makes the region heavily reliant on aviation for commerce and recreation.
Commercial airline traffic on transpolar routes has also risen steadily since the early 2000s,
posing another potential source of demand for the SAR system.
Militarily, the resurgence of Russia as a strategic concern, paired with decreasing physical
barriers to access the northern approach to Alaska, has led some to question whether the military
is suitably prepared for Arctic operations. In the last two years, Russia has established an Arctic
command, refurbished cold war infrastructure, and been carrying out flights probing U.S.
airspace. These flights force U.S. fighter aircraft to scramble and intercept these aircraft, often
bringing Air Force pilots into the Arctic region far from SAR responders. U.S. Arctic military
exercises have also been on the rise to develop capabilities in preparation for potential future
Arctic requirements.
Greater access to the region could bring more opportunities for Arctic activity, but the region
remains a largely unforgiving environment. In this sense, the environment is changing just
enough to encourage a low-level increase of maritime activity in the region, but not enough to
make SAR easy, or to increase the ship traffic enough so crews can assist each other in the event
of an emergency. In the aeronautical environment, the extreme climate and remoteness makes
any plane crash a serious challenge for SAR responders.
These concerns led all eight nations of the Arctic Council1, including the U.S., to sign the
2011 Arctic SAR Agreement, a landmark international agreement that assigns regions of
responsibility for providing Arctic SAR, and establishes a framework for international

1

The Arctic Council is an inter-governmental forum created in 1996 to Arctic issues in a cooperative manner.
Participants include: Canada, Denmark, Finland, Iceland, Norway, Russia, Sweden and the United States, as well as
six organizations representing Arctic indigenous peoples.
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cooperation and collaboration on challenging SAR cases. Figure 1.2, shown below, depicts the
areas of responsibility as defined by the Arctic SAR agreement.
2

Figure 1.2. 2011 Arctic Search and Rescue Agreement: Areas of Responsibility

With the agreement, the U.S. gains responsibility for providing SAR services in the Arctic,
defined in this dissertation as the region north of the Bering Strait and the Brooks Range. This is
the region where the greatest environmental, economic, and military changes are occurring.
However, the Arctic SAR Agreement pledges responsibility but does not coincide with
investment to improve capabilities in conjunction with these additional responsibilities.
Within this region, primary responsibility for SAR lies with the Alaska Rescue Coordination
Center (AKRCC), run by the Air Force and responsible for aeronautical SAR, and the Juneau
Joint Rescue Coordination Center (JRCC), run by the Coast Guard and primarily responsible for
maritime SAR. The two Rescue Coordination Centers (RCCs) coordinate the SAR response and
mainly utilize the Alaska Air National Guard (AKANG) and the USCG, based in Anchorage and
Kodiak, respectively. While these units consist of some of the most capable crews in the U.S.,
they are located in the southern part of Alaska, far from the Arctic region. Figure 1.3, shown
below, depicts the geographic challenges associated with the Arctic SAR mission set. The U.S.

2

Arctic Council, “Agreement on Cooperation on Aeronautical and Maritime Search and Rescue in the Arctic,”
2011, http://www.arctic-council.org/index.php/en/environment-and-people/oceans/search-and-rescue/157-saragreement.
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region of SAR responsibility is outlined in white, with key locations and distances depicted on
the map.
Figure 1.3. Geographic Challenges Associated with Arctic SAR

The sheer size of the Arctic region paired with the long distances to SAR responders in the
southern part of the state makes Arctic SAR operations particularly challenging. USCG and
AKANG SAR responders coming from Anchorage and Kodiak would need to travel 720 miles
and 950 miles, respectively, to reach Barrow, the largest community in the region. At 1350
miles, the maritime distance from the closest deepwater port at Dutch Harbor to Barrow is even
more burdensome. In addition to the long distances, SAR responders contend with mountain
ranges, icing conditions, volatile sea states, unpredictable sea ice, extreme temperatures, and
large swings in seasonal daylight, all with a lack of support or communications infrastructure.
While SAR is a challenging mission in any operating environment, these unique characteristics
of the region make Arctic SAR unequaled in its difficulty.
The potential for increased human activity in the Arctic, paired with the lack of SAR assets,
raises the question of whether the existing SAR system is sufficiently robust to provide the
requisite SAR support to the Arctic region.

Research Questions
In this dissertation, I seek to assess U.S. preparedness for its present and future Arctic SAR
responsibilities. I define preparedness as a function of three factors: demand, supply, and the
4

intersection between the two. Along this line, this dissertation seeks to answer three research
questions:
(1) What is the current demand for Arctic SAR, and what factors affect its future trajectory?
(2) What is the current U.S. capability for supplying SAR in the Arctic, and how is it
changing?
(3) Is the U.S. able to respond effectively to a challenging set of potential future Arctic SAR
cases?

Initial Hypotheses
Based on my initial literature review, I developed hypotheses related to these research
questions. The research tests these hypotheses, and the assumptions that underpin them. These
initial hypotheses were:
(1) Retreating sea ice and emerging economic opportunity will lead to more human
activity in the Arctic, increasing the demand for Arctic SAR
(2) U.S. ability to supply Arctic SAR is limited and unlikely to substantially improve in
the near future
(3) The Arctic SAR system would be overwhelmed by stressing SAR incidents in the
Arctic
The first assumption is that demand for Arctic SAR will increase. Two assumptions that
underpin this hypothesis are that: 1) human activity will increase, and; 2) the risk associated with
that activity will either stay the same or increase.
The second assumption is that U.S. supply of Arctic SAR resources is limited and unlikely to
improve substantially. Two assumptions that underpin this hypothesis are that: 1) USAF and
USCG assets unlikely to receive additional investment to improve Arctic SAR capability, and
that; 2) Arctic SAR capability will not improve without additional investment.
The third assumption is that the U.S. Arctic SAR system is unprepared for challenging
scenarios in the Arctic. This assumes that: 1) the USCG and USAF would not be able to meet the
requirements levied on them, and that; 2) assistance from other organization would be
insufficient to meet the requirements. These underlying assumptions, if proven false, would work
to invalidate these hypotheses.

Methodology
I used the scientific method to test my initial hypotheses and answer the three research
questions. I collected data to build foundational knowledge on the Arctic and the Arctic SAR
system, then synthesized the data to test the hypotheses and answer the research questions.
Figure 1.4 below depicts my research methodology:
5

Figure 1.4. Diagram of Dissertation Methodology

Gather Data on Arctic SAR
I gathered information on Arctic SAR from a number of sources. Initially, I conducted a
literature review to learn about the changes to the Arctic, U.S. Arctic policy, SAR organizations
within the USAF and USCG, economic and military activity in the Arctic, among other topics. I
attended an Arctic Domain Security Orientation (ADSO) course, held by United States Northern
Command (USNORTHCOM), and the GLACIER Conference, held by the State Department.
Both events addressed foundational Arctic Policy issues surrounding climate change, Alaskan
Natives, geopolitics, natural resource development, and military activity.
The most substantial source of Arctic SAR information that I gathered was semi-structured
interviews with Arctic SAR subject matter experts (SMEs). The purpose of these interviews was
threefold: 1) to understand the specific organization’s role within the larger Arctic SAR system;
2) to understand technical capabilities for Arctic SAR and how they are operationally utilized,
and; 3) to understand challenges and potential solutions for improving upon the current
capability and capacity. Over four weeks, I interviewed 25 different stakeholders throughout the
state. I conducted interviews with federal organizations, such as the United States Coast Guard
(USCG), state organizations, such as the Alaska Air National Guard (AKANG), and local
6

organizations, such as the North Slope Borough Search and Rescue (NSBSAR). For more
information on the interviews, to include my interview guide and a complete list of organizations
that I interviewed, see Appendix A.
Another important source of data that I utilized was SAR case data provided by Alaska
Command (ALCOM) from an Arctic SAR study.3 This dataset includes 4681 records of SAR
cases between 2003 and 2013 within existing SAR databases. These case records contained
detailed information on the types, locations, and dates of aeronautical and maritime SAR cases
within the U.S. Arctic SAR region.
Attend Arctic SAR Exercises
In addition to collecting data, I attended two Arctic SAR exercises. The first exercise, titled
Arctic Zephyr, was run by USNORTHCOM in conjunction with the State Department and the
Coast Guard. The exercise focused on a cruise ship scenario, but also featured a shorter scenario
involving a commercial airline crash. Representatives from seven of the eight Arctic Council
nations attended the exercise (Russia did not), and participants discussed common challenges
with Arctic SAR and ways in which they could collaborate. The second exercise, titled the
Northwest Passage Exercise, was run by the Coast Guard in conjunction with Crystal Cruises.
The purpose of this exercise was to test Crystal Cruises’ emergency response plan before the
Crystal Serenity excursion through the Northwest Passage voyage during the summer of 2016.
Both exercises were instrumental in developing an understanding of a likely SAR response, the
challenges associated with coordinating between organizations, and options for improvement.
Characterize Supply and Demand for Arctic SAR
I then condensed the collected information to characterize the demand and supply of Arctic
SAR. To assess current demand, I used the Arctic SAR case data. To address future activity, I
used SME interviews and the literature review to determine the different sources of Arctic
activity, and what factors could shape the future trajectory of growth. To assess the direction in
the level of risk I used literature reviews.
To characterize supply, I used semi-structured interviews and constructed a model of SAR
response times using geospatial software, ArcGIS. The ArcGIS model, which I refer to as the
Arctic SAR Model, calculates and maps response times for SAR assets responding to cases in the
U.S. Arctic SAR Region. For more information on how I created and used the model, see
Appendix B. Lastly, to assess capabilities for overcoming some of the information challenges
associated with SAR I used interviews and the literature review.

3

Alaskan Command, “Arctic Search and Rescue Report,” September 2013.
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Test Hypotheses Using Scenario Analysis
To assess U.S. preparedness for Arctic SAR, I develop three stressing scenarios—one
aeronautical, one maritime, and one military—and detailed a plausible SAR response using
available assets. For each scenario, I constructed a timeline for the response and analyzed
potential failure points. Looking at common failure points across the three cases, I developed a
list of key challenges for Arctic SAR that serve as the basis for policy recommendations.
Develop Findings and Policy Recommendations
Concluding the dissertation, I summarize my findings and provide policy recommendations
for the USAF and USCG. To develop these recommendations, I solicited the key challenges for
Arctic SAR with Arctic SMEs. They helped me shape the recommendations to be relevant and
actionable for the USAF and USCG.

8

Chapter Two: Foundational Knowledge for Arctic Search and
Rescue

This chapter provides foundational knowledge on search and rescue, on the unique
challenges of the Arctic region, and on the current system for Arctic SAR. First, I define “Search
and Rescue”, provide background information on the international and national SAR policy, and
introduce how the SAR system works. Second, I define the Arctic region and discuss unique
characteristics of the Arctic that make human activity risky and SAR responses difficult. Third, I
discuss roles and responsibilities for Arctic SAR, and discuss the effectiveness of the current
Arctic SAR information system. Collectively, this background information provides the basis for
answering the research questions.

The Search and Rescue Mission Set
For purposes of this dissertation, I define “Search and Rescue” as a broad range of missions
aimed at locating and recovering persons in distress, providing them with the necessary survival
and/or medical assistance, and returning them to a place of safety. SAR missions can range from
routine rescues of individuals or small groups, to mass rescue operations, to catastrophic
incidents and everything in between. Routine operations include assisting ships in distress,
locating and recovering isolated personnel, and any other operation that the existing forces can
handle without calling in additional assistance. Mass rescue operations (MROs) are defined as
any event, often involving the rescue of a large number of persons in distress, where the
capabilities of normally available search and rescue capabilities are inadequate.4 These events
require collaboration with other organizations to respond effectively. In the Arctic, with limited
resources and difficult operating conditions, the threshold for a MRO is much lower than it is in
the lower 48 states.5 At the highest end of the SAR spectrum is catastrophic incident SAR
(CISAR) where a presidential declaration activates FEMA funding to deploy additional Federal
SAR resources to provide lifesaving assistance in response to a natural disaster, terrorist attack or
other “catastrophic incident”. Natural disasters, like Hurricane Sandy in 2012 or the Alaska
Earthquake of 1964, fall into this category of SAR incident.
One common feature of SAR missions is a sense of urgency created by the distressing
situation. With human life and limb on the line, the response needs to be swift and efficient. The
4

“Guidance for Mass Rescue Operations” (International Maritime Organization, February 6, 2003),
http://www.uscg.mil/hq/cg5/cg534/MassRescueOps/MROguidance_IMO.pdf.
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Interview with AKANG SME, September 2015.
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urgency of SAR missions creates a sense of purpose that can grease the gears of bureaucracy,
approve waivers for increased risk, and facilitate collaboration among organizations that would
otherwise not work together. One prime example of this is the operation that took place in
response to the sinking of a South Korean fishing vessel, the Oryang 501, in December of 2015.
Despite U.S. disagreements with Russia over aggression in Crimea, both Coast Guards
collaborated to execute the SAR mission.6 Within Alaska, the USCG, USAF, USA, Alaska State
Troopers, and North Slope Borough collaborate frequently on SAR missions. Particularly in
Alaska, with limited infrastructure and organizational resources, collaboration on SAR is
essential to save lives.
A useful framework for thinking about SAR is that mission success comes from
simultaneously overcoming three interlocking challenges: time/environment challenges,
information challenges, and capability challenges. The time and environmental challenges are set
by the accident that triggers the SAR response. The accident determines the geographic location
and the weather that SAR responders must contend with, and how much time they have to
contend with it. The next set of challenges involves information. To respond effectively, SAR
responders need an initial notification, an accurate location of the distressed individuals, weather
forecasts, and the ability to communicate internally and externally. The last set of challenges
involves response capabilities. To execute the rescue, SAR responders need platforms,
personnel, and skill sets to reach the crash site, provide the necessary support to the distressed
individuals, and return to a safe location. These three challenges are related, and mission success
only occurs when SAR responders can overcome them simultaneously.
U.S. SAR Responsibilities
The U.S. is responsible for civil and military SAR within its territorial and maritime areas of
control. On the civil SAR side, the U.S. is responsible for aeronautical SAR, response to aviation
accidents occurring within territorial and maritime borders, as well as maritime SAR, and
response to vessels in distress in U.S. waters. On the military SAR side, the U.S. is responsible
for responding to all military accidents that occur in combat and in training. This includes
responses for accidents that occur in training, known as military SAR cases, and those that occur
on operational missions, known as personnel recovery missions. Personnel recovery is a deeply
ingrained part of military ethos, seen through mottos like “no man left behind” and “so that other
may live”. Collectively, these three types of SAR missions are those that require federal support
through the USAF and USCG. Land SAR, typically conducted by the State entities to rescue lost
hikers and other missing persons within the U.S., is not a responsibility of the federal
government and will not be addressed in this dissertation.

6

Interview with USCG SME, September 2015.
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Search and Rescue Policy
Military SAR Policy
Military Search and Rescue, known as personnel recovery (PR), is defined as “the sum of
military, diplomatic, and civil efforts to prepare for and execute the recovery and reintegration of
isolated personnel.”7 Defining further, “isolated personnel” are classified as “U.S. military, DoD
civilians, DoD contractors and others designated by the President or Secretary of Defense.8” In
essence, PR entails recovery of any military-related person from any potentially dangerous
environment anywhere in the world. At the highest level, the Secretary of Defense (SecDef) and
the Chairman of the Joint Chiefs of Staff (CJCS) are responsible for overseeing development and
implementation of PR policy and doctrine.
The framework the military uses to conceptualize and plan SAR missions includes five tasks:
Report, Locate, Support, Recover, and Reintegrate. The “Report” task consists of the initial
notification of an isolation event. The “Locate” task involves finding and authenticating the
identity of the isolated personnel. The “Support” task entails providing assistance to the isolated
personnel and their families while the rescue is being coordinated. The “Recover” task brings the
isolated personnel back to a safe location. Lastly, the “Reintegration” task involves protecting
the health and well-being of the isolated personnel while gathering any important intelligence.
Each military service organizes, trains, and equips forces to be able to execute these five tasks.
Operationally, they provide forces to the Geographic Combatant Commander (GCC) to execute
PR missions within each area of responsibility (AOR). For missions outside of GCC
responsibility, such as stateside training missions, the parent organization is responsible for any
accidents that take place.
Air Force Personnel Recovery policy is covered in Air Force Doctrine Document 3-50,
which provides the Air Force perspective on implementing Joint Publication 3-50: Personnel
Recovery. The document states that Air Force PR forces “must be prepared to recover isolated
personnel anytime, anyplace”. For the Air Force, “Combat Search and Rescue (CSAR)” is the
preferred method for executing PR missions.9 The CSAR rescue mechanism consists of three
components: 1) the command, control, and coordination node; 2) the recovery forces, and; 3) the
isolated personnel. The first component is the Personnel Recovery Coordination Cell (PRCC),
which is typically located within the Joint Air Operations Center (JAOC) and coordinates PR
missions. The second component consists of a combat search and rescue task force (CSARTF)
7

“Joint Publication 3-50: Personnel Recovery” (Joint Chiefs of Staff, December 20, 2011),
https://fas.org/irp/doddir/dod/jp3_50.pdf.
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“Air Force Doctrine Document 3-50: Personnel Recovery Operations” (United States Air Force, November 1,
2011), https://fas.org/irp/doddir/usaf/afdd3-50.pdf.
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which is a package of assets tailored to meet a specific requirement. Dedicated assets include
fixed wing aircraft, rotary aircraft, and the Guardian Angel (GA) weapons system. GA is the
human and equipment team that provides the ground element of the operations and consists of
combat rescue officers, pararescuemen, and survival, evasion, resistance, and escape (SERE)
personnel as well as their specialized SAR equipment. These highly trained SAR professional
can parachute in with equipment to provide lifesaving support and medical care. The third
component is the isolated personnel, which ideally have received SERE training and cooperate
with SAR forces.
International Civil SAR Policy
Switching from military side to the civilian side, the International Aeronautical and Maritime
Search and Rescue (IAMSAR) Manuals govern international civil SAR policy for both
aeronautical and maritime SAR. These three manuals, jointly published by the United Nation’s
International Maritime Organization (IMO) and the International Civil Aviation Organizations
(ICAO), provide strategic to tactical guidance covering all aspects of the Civil SAR system.10 On
the maritime side, SAR policy traces its roots back to the Convention for the Safety of Life at
Sea (SOLAS), first held in 1914 following the sinking of the Titanic. SOLAS specifies minimum
standards for ship safety, requires governments to provide SAR support, and requires ships to
assist other vessels in distress. On the aeronautical side, SAR policy is rooted in the Chicago
Convention, which sought to develop civil aviation in a “safe and orderly manner.” The
convention requires states to provide SAR services and publish necessary information to
facilitate collaboration. The IAMSAR, jointly published in 1998, links these two types of SAR
under the same policy umbrella. At a strategic level, international SAR policy:11
(1) Requires all States to provide SAR services in their SAR Regions
(2) Encourages States to enter into bilateral SAR agreements, pool facilities, develop
common procedures, and coordinate training and liaison visits
(3) Necessitates parties to develop RCCs and sub-centers to provide SAR
Based on IAMSAR, the international SAR system relies on a network of national SAR
systems that integrate to cover the globe. IAMSAR directs each nation to establish search and
rescue regions (SRRs) for which they assume SAR responsibility. Each SRR has a corresponding
RCC to serve as the operational facility for organizing SAR services and coordinating SAR
operations within that region. Depending on the context, a joint RCC (JRCC) is established to
coordinate both maritime and aeronautical SAR. This typically happens with maritime RCCs
when they take on the additional responsibility of aeronautical SAR over the same region.
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Drilling down, each RCC assigns SAR mission coordinator (SMC) to handle each SAR incident.
The RCC and the SMC do not execute the mission but rather, based on an understanding of all
the potential rescue units available and their capabilities, they organize a cohesive response.
Cooperative agreements have spliced the globe into many SRRs. Over land, SRRs
correspond naturally to national boundaries. Over water, SRRs are delineated through bilateral
and multilateral agreements. The Arctic SAR Agreement, signed by the Arctic Council in 2011,
is an example of delineation agreements. It splices up the territory into regions of responsibility
and makes IAMSAR policy binding for all countries party to the agreement.
National Civil SAR Policy
Taking the baton from IAMSAR, the National Search and Rescue Committee (NSARC)
implements IAMSAR guidance within the U.S. NSARC is a federal interagency committee
formed to coordinate Civil SAR matters between government stakeholders.12 Membership
includes a cross-cutting group of agencies including Department of Homeland Security (DHS),
Department of Defense (DoD), Department of the Interior (DOI), Department of Transportation
(DOT), Department of Commerce (DOC), Federal Communications Commission (FCC), and
National Air and Space Administration (NASA). The NSARC produces, updates, and maintains
national level SAR guidance including two foundational documents, the National SAR Plan
(NSP) and the National SAR Supplement to IAMSAR (NSS).
The National SAR Plan (NSP) is a concise strategic document that dictates the overarching
responsibilities of NSARC members in providing Civil SAR support,13 and the National SAR
Supplement (NSS) to IAMSAR provides operational and tactical guidance to create the structure
of the U.S. Civil SAR system.14 It designates Federal SRRs, both aeronautical and maritime, and
establishes RCCs responsible for SAR missions within each region. Based on the NSS and the
NSP, the SAR Coordinator is the federal person or agency with overall responsibility for
providing and establishing civil SAR services for a specific U.S. SRR. Each SAR Coordinator
staffs, equips, and manages their SAR system. The NSP designates two Federal SAR
Coordinators, USNORTHCOM and the USCG, who are responsible for the civil SAR mission
within the U.S. regions. Figure 2.1 below outlines the SRRs that make up the national SAR
system.
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Figure 2.1. United States Search and Rescue Regions (SRRs) and associated Rescue
Coordination Centers (RCCs)

Source: JP 3-50 Appendix G-2

USNORTHCOM, in its role as a Federal SAR Coordinator, is responsible for the
aeronautical SAR within the continental U.S. and the state of Alaska. USNORTHCOM delegates
the operational control of the mission to the Air Force, which operates the Air Force Rescue
Coordination Center (AFRCC) at Tyndall Air Force, Florida, and the Alaska Rescue
Coordination Center (AKRCC) at Joint Base Elmendorf Richardson, Alaska, to execute this
mission. Both Air Force RCCs serve as coordination entities and do not have assigned rescue
forces. When they receive notification of an aeronautical incident, they reach out to SAR forces
in the vicinity and request assistance. In general, SAR missions are handled at the lowest level of
government—first local assets are requested, then state assets, and only as a last resort are
federal assets requested because they tend to be the most expensive. In Alaska, however, with a
dearth of local and state capabilities and a lack of infrastructure, military assets are often the only
assets that can respond, and are thus requested with far greater frequency than in the contiguous
U.S. The RCCs can request assistance from military forces for civil SAR missions, but doing so
can be tricky. Based on DoD instruction 3003.01, the DoD’s policy for implementing the NSP,
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military forces should provide civil SAR support to the “fullest extent practicable on a noninterference basis with primary military duties,” and on a non-reimbursement basis.15 Military
duties take priority and since there is no military requirement for civil SAR, forces are not
trained or equipped to support the mission. Thus, RCCs can request military assistance, but they
cannot directly task any SAR forces to respond.
The Coast Guard is the other Federal SAR Coordinator responsible for all remaining SRRs.
This responsibility includes providing aeronautical and maritime SAR in large swaths of the
Atlantic, Pacific, and Arctic Oceans, as well as the Gulf of Mexico and the Bering Sea.16 The
USCG operates 11 RCCs to accomplish the mission. Because SAR is one of the Coast Guard’s
11 statutory missions, the USCG maintains forces on alert specifically for SAR, and the RCC
can task these forces directly. USCG SAR forces include helicopters, fixed wing aircraft, rescue
swimmers, and cutters that are on alert status 24/7 to respond to SAR cases as they arise. This
key distinction, that USCG has resources to support the Civil SAR mission while the USAF does
not, is critical for understanding the different policy options available for improving Civil SAR
capabilities: the USCG can make policy changes because it is one of their requirements, while
the USAF and other federal organizations cannot unless a requirement is created.

The COSPAS-SARSAT System
The foundational information system of SAR (both Civil and military SAR) is the COSPASSARSAT17 system, an international satellite system that detects distress signals from emergency
beacons, and notifies the nearest RCC with location data.18 This system—jointly developed by
the U.S., Russia, France and Canada starting in 1979—consists of both satellites and emergency
beacons that operate in tandem to rapidly notify RCCs of developing SAR cases. A graphical
depiction of the COSPAS-SARSAT system is shown in the Figure 2.2 below:
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Figure 2.2. COSPAS-SARSAT System for SAR Alerting

Source: National Oceanic and Atmospheric Administration (NOAA), http://www.jpss.noaa.gov/sarsat.html

At the most basic level, the COSPAS-SARSAT system consists of emergency beacons that
transmit a signal upon activation, satellite systems that fly overhead and detect distress signals,
and ground stations that route the detected signal to the nearest RCC which organizes a response.
This system provides SAR responders with rapid notification of emerging SAR cases—plane
crashes, sinking ships, lost hikers—while there is still time to respond.
Emergency beacons include emergency position-indicating radio beacons (EPIRBs) for
maritime vessels, Emergency Locator Transmitters (ELTs) for aviation assets, and Personal
Locator Beacons (PLBs) for individuals.19 All emergency beacons can be activated manually (if
persons are coherent) and EPIRBs and ELTs can be activated automatically, if persons are not
coherent. When a ship sinks, the EPIRBs activates when submersed in salt water. Similarly,
when a plane crashes, the ELT activates with a spike in the change in acceleration. Rescue
beacons are not perfect, however, and do not always automatically activate. By one estimation,
ELTs activate 82% of the time making notification of distress probable, though not guaranteed.20
Once activated, emergency beacons emit a signal that is detected by one of two satellite
constellations. The COSPAS-SARSAT system consists of both a low Earth orbit (LEOSAR)
satellite constellation and a geosynchronous Earth orbit (GEOSAR) constellation. The two
different orbital geometries of these satellite systems determine their differing functionality.
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These two satellite systems are complimentary, with the GEOSAR system providing immediate
notification and the LEOSAR system providing global coverage.

Unique Challenges of the Arctic
These unique aspects of the Arctic region, evolving with climate change, create unique
challenges for SAR responders. The prevalence of Inupiaq villages necessitates that SAR
responders understand the local culture and act in ways that respect their traditional way of life.
The lack of infrastructure necessitates near self-sufficiency, and makes it difficult to sustain
operations. Long distances increase response times and make logistics and maintenance both
more expensive and more complicated. Harsh environmental conditions increase the likelihood
of accidents requiring SAR support, and stress the response capabilities of SAR assets. Solar
radiation can harm satellites, aircraft and communications infrastructure. Overall, the Arctic
region is a uniquely challenging environment for Search and Rescue; it differs from any other
region in the United States, and it requires a similarly unique approach to meet these challenges.
Defining the Arctic Region
For purposes of this report, I define the Arctic as the region north of the Bering Strait in the
maritime environment, north of the Brooks Range in the terrestrial environment, and constrained
on either side by the Arctic SAR Agreement’s region of U.S. responsibility. Figure 2.3, from the
previous chapter, depicts this region with notable population centers and geographic features.
Figure 2.3. Region of Interest: The U.S. Arctic SAR Region
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The Arctic region begins near the Arctic Circle with the Brooks Range and Bering Strait, and
stretches to the North Pole. This is similar to a more traditional definition that uses the Arctic
Circle as the delimiter, the region north of the 66°33′ latitude line where the sun is above the
horizon for 24 continuous hours at least once per year, but constrains the region with geographic
boundaries to make it more homogeneous in environment and culture.
Impacts of Climate Change
The 2004 Arctic Climate Impact Assessment found that the Arctic is warming at twice the
rate as the rest of the planet21. This uncharacteristic warming is having observable impacts on the
Arctic to include retreating seasonal sea ice, melting permafrost, increasing vegetation, and
greater coastal erosion. Sea ice coverage in the Arctic Ocean reached all-time lows in 2007 and
2012, and the winter of 2016 recorded an all-time low for the level of maximum sea-ice
coverage.22 On the surface, this retreat of sea ice opens the Arctic to a longer season for maritime
activity, creates greater storm surges due to larger swaths of open ocean, and leads to greater
coastal erosion. Under the surface, the melting sea ice creates a positive feedback loop where the
ocean absorbs more sunlight increasing the water temperature and decreasing the salinity. On
land, melting permafrost (soil that is traditionally frozen year-round) can destroy infrastructure
by destabilizing the foundation. Greater coastal erosion threatens to force the evacuation and
resettlement of some coastal towns, like Shishmarif. Additionally, coast erosion could cause saltwater intrusions into the sanitation and water purification systems, which could trigger public
health emergencies.23 From a SAR perspective, climate change is having disparate effects,
making the maritime environment increasing accessible, and making the terrestrial environment
more precarious for human settlements and commerce.24
Sensitivity towards Alaskan Native Communities
Alaskan Native communities are the main population centers on the North Slope, which
means that SAR responders need to be cognizant of their culture and respect their traditional way
of life. While these communities make up a small geographic percentage of the region, their
hunting and fishing grounds span a much larger region. Since many Alaskan Natives continue to
live subsistence hunting and fishing lifestyles that rely on the land and its wildlife, any disruption
21
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to their food supply can disrupt their way of life. These disruptions can be unexpected and
unintended. For example, pilots operating in the Arctic have learned not to fly their helicopters
near walruses because it can cause deadly stampedes and prevent females from producing
offspring that year. The loss of life and fertility affects the native communities reliant on this
food source. Additionally, the spring and fall whale hunt remains a key cultural activity for
Alaskan Natives that serves as a source of food, a cause for celebration, and a coming-of-age
ceremony for young men. In their Arctic operations, Shell Oil Company has learned to adjust
drilling activities to avoid disturbing whale migrations that the native communities rely on, and it
is important for other Arctic operators and SAR responders to do the same.
Lack of Infrastructure
The Arctic lacks basic infrastructure to support SAR operations. The only highway in the
Arctic is the Dalton Highway, which runs from Fairbanks to Prudhoe Bay along the TransAlaska Pipeline System, and does not connect with any other communities. The closest
deepwater port is in Dutch Harbor, in the Aleutian Island chain, which complicates the logistics
and sustainment of maritime operations. Runways are similarly constrained, with only three hard
surfaced runways greater than 3000 ft., the minimum recommended length for a C-130 to take
off.25 Lastly, sanitation and water purification systems in these small communities have very
little slack capacity to support anything more than the demands of the local community.26 A large
influx of people could overwhelm these systems creating a public health emergency that requires
the SAR system to assist in the response. Because of the lack of infrastructure, provisions like
food, fuel, and spare parts are both very expensive and very limited. SAR responders need to
plan to be largely self-sufficient.
Communications infrastructure is similarly constrained, with cell phone networks being
almost non-existent, radio towers rare, and communications satellites often below the horizon.
To overcome these communications challenges, human operators can resort to older forms of
communication, like high frequency (HF) radio, or rely on more advanced satellite systems with
polar coverage. Increased solar radiation in the region can also disrupt communications in the
region. Efforts to improve satellite communications systems are ongoing, but SAR responders
need to plan for redundant communications systems to support operations, and even then be
prepared to be unable to communicate.
Long Distances
As previously discussed, the long distances both to the region, and between locations in the
region, creates a challenge for SAR responders. The Arctic region stretches 650 miles in width
25
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from the Bering Strait to the Canadian border (roughly the width of Texas), and extends 1,350
miles in height from the Brooks Range in the south to the North Pole (roughly equivalent to the
height of the U.S. measured from the southern tip of Texas to the northern border of North
Dakota). The tyranny of distance inevitably creates long response times for SAR responders, and
requires SAR assets in the southern part of the state to be able to project and sustain operations
far from their home locations, making operations logistically complicated and expensive.
Extreme Environmental Conditions
The Arctic presents operators with some of the most extreme environmental conditions on
earth. The high northern latitude brings extended periods of sunlight in the summer, 65 days in
Barrow, and extended periods of darkness in the winter. These large swings in seasonal sunlight
create extreme climate cycles, with temperatures ranging from -60oF in the winter to 60oF in the
summer. For SAR responders, extreme cold temperatures shorten survival times, complicate the
ability to provide medical care, and cause equipment to fail.
A product of the large swings in daylight and temperature is highly seasonal sea ice
coverage. In the fall and winter, sea ice swells to fill the ocean, only to recede away from shore
in the spring and summer. Sea ice prevents maritime travel in the winter, and can make it risky in
the summer. While climate change is decreasing the expanse of summer sea ice coverage, and
widening the operating window for marine operations in the summertime, it is not eliminating
the presence or risk of sea ice from the operating environment. In some cases, the reducing sea
ice is breaking up larger blocks of multi-year ice making the location of sea ice less predictable
year-to-year.27 The hulls of most maritime vessels cannot withstand sea ice, and are at risk of
suffering damages. Icebreaking capability is required to rescue ships that become stuck in the
ice, and escort those trying to make passage through the ice. The inability of most USCG cutters
to operate in sea ice greatly limits U.S. Arctic operational capabilities.
Another unique feature of the Arctic is the concentrated electromagnetic activity, which can
affect electronic systems. The shape of the Earth’s magnetic field serves to funnel
electromagnetic anomalies and radiation from solar storms towards the North and South Poles, to
the detriment of electronic systems. Radar and HF radio waves that can reach “over-the-horizon”
by bouncing signals off the ionosphere are susceptible to disruption. One test of a high frequency
radar system found that it was unable to operate in the northern latitudes of the Arctic 20% of the
time due to electromagnetic anomalies.28 As a precaution, when the forecast predicts major solar
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storms, polar flights are diverted to prevent deleterious effects to the aircraft’s systems. Solar
storms can cause accidents and complicate the SAR response.

SAR in the Arctic
Organizational Responsibly
For military SAR, the Alaska Air National Guard operates three Rescue Squadrons that
provide the primary capability for execute the PR mission in Alaska. Under the 176th Wing of the
Alaska Air National Guard (AKANG), three rescue squadrons—the 210th, 211th, and 212th—train
to provide full CSAR capabilities for 11th Air Force, the hub of air operations in Alaska.
Additionally, when fighter aircraft scramble to intercept foreign aircraft, a North American
Aerospace Defense Command (NORAD) mission set, AKANG CSAR forces stand alert. The
SAR capabilities of the AKANG will be discussed further in Chapter 4. Their mission is military
CSAR, but, due to their valuable capabilities, they are often requested for civil SAR support,
both aeronautical and maritime.
For Aeronautical SAR, USNORTHCOM operates the AKRCC to coordinate SAR missions
throughout the state of Alaska to include the Arctic region. The AKRCC serves only as a
coordination entity, and there are no dedicated assets to support this mission set. Further,
USNORTHCOM has no requirement for Civil SAR and provides no funding resources to
execute the Civil SAR mission.29 Instead, the AKRCC must request assistance from
organizations across the state in responding to SAR cases. In practice, the AKRCC works very
closely with the AKANG who responds to most of the AKRCC’s SAR cases. In essence,
USNORTHCOM receives a “free lunch” from 11th Air Force by relying heavily on AKANG
CSAR forces to execute the Aeronautical SAR mission for which USNORTHCOM is
responsible without providing funding or resourcing for the mission.
For Maritime SAR, the USCG operates the JRCC in Juneau to coordinate SAR missions
throughout Alaska, which includes those in the Arctic Ocean. Maritime SAR coordination is
much more streamlined than PR or Aeronautical SAR because the Coast Guard has a defined
requirement for Maritime SAR, and operates both the RCC and alerted SAR assets.30 In the
Arctic, maritime SAR operations are only required between July and October when the sea ice
retreats and open water enables maritime traffic. To support SAR operations in the Arctic region,
the Coast Guard conducts the Arctic Shield Exercise. As part of this annual exercise, the USCG
forward deploys SAR capability to the Arctic region and tests capabilities for conducting Arctic
operations. USCG Arctic SAR capabilities are discussed further in addressing the supply of
Arctic SAR in Chapter 4.
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COSPAS-SARSAT System Performance in the Arctic
The COSPAS-SARSAT system in the Arctic, while effective, has some limitations. Notably,
GEOSAR satellites cannot detect beacons farther north than roughly 70 degrees31, which means
LEOSAR satellites are responsible for detecting and locating rescue beacons in the Arctic.
LEOSAR satellites, however, do not provide instantaneous detection and can be delayed in by up
to two hours depending on the beacon and satellite locations.32 While the COSPAS-SARSAT
system is effective in detecting and locating rescue beacons in the Arctic, immediate notification
of distress is not guaranteed.
One notable use of the COSPAS-SARSAT system in the Arctic is the Alaska PLB Program
implemented in 1995.33 The program provides PLBs to villagers in the North Slope Borough to
enable them to notify rescue forces when accidents happen. Because the North Slope has
historically lacked other communications infrastructure, these PLBs serve as a vital
communication link between the villagers and rescue forces. Since 1995, this program has saved
the lives of over 400 Arctic residents, with very few false alerts.34 Thus, in most cases, the delay
is not problematic.
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Chapter Three: What is the current demand for Arctic SAR, and
what factors affect its future trajectory?

In this chapter, I examine the present and future demand for Arctic SAR. I establish the
baseline demand for Arctic SAR using a dataset of Arctic SAR cases from 2003-2013. Pivoting
towards future demand, I break down “demand” as a function of both the level of human activity,
and the level of risk associated with the human activity. To examine activity, I detail all of the
different types of human activity that currently exist in the Arctic, and describe the factors that
could affect future growth. To examine risk, I look at trends in aeronautical and maritime
accident rates, as well as provide an assessment on how improving technology is changing the
level of risk. Human activity and risk are interconnected, however, and to address this I present
different theories on how the changing level of risk affects accident rates and human decision
making.

Current Demand from Historical Arctic SAR Cases
Based on analyses of a data set of SAR cases within the state of Alaska, Arctic SAR cases
(those that fall within the previously defined Arctic region of interest) make up approximately
4.6% of the overall SAR caseload in the state. Most of these cases, however, involve the North
Slope Borough SAR organization responding to accidents by native villages. Arctic SAR cases
that require USAF or USCG support represent a much smaller percentage, at 0.4%. The dataset
includes cases worked by the JRCC, AKRCC, and NSBSAR in an 11 year period between 2003
and 2013. The data set was provided by ALCOM from a study of Arctic SAR conducted in
2013.35 Figure 3.1 depicts SAR case data both across the state, and within the state’s Arctic
region:
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Figure 3.1. Alaska and Arctic SAR case data 2003-2013

The current demand for Arctic SAR levied on the AKANG and USCG is very low. Of the
4,681 SAR cases that occurred in the Alaska’s SAR region, only 215 (4.6%) of them occurred in
the Arctic. Breaking this number down further, there were 14 aeronautical SAR cases, 25
maritime SAR cases, and 172 terrestrial SAR cases. Of these, the AKANG participated in five
cases while the USCG participated in 16 cases over the 11-year study period. This works out to a
recent historical average of roughly one to two cases per year for the AKANG and USCG. To
put this number in perspective, average annual SAR caseloads from 2003-2013 ranged from 70100 cases for the AKRCC, and from 300-400 cases for the JRCC. Thus, the demand for Arctic
SAR levied on the AKANG and USCG is currently very low.
The high percentage of terrestrial SAR cases stems from the Alaska PLB Program, which
enables Alaskan Natives who break down on ATVs, snow machines, and boats outside of their
villages to alert NSBSAR. Because NSBSAR is responsible for providing SAR services for the
Arctic communities, these cases are not USAF or USCG responsibility. In this regard, NSBSAR
is a vital partner to the USAF and USCG who would otherwise be responsible for providing SAR
support for many of the 215 SAR cases. While the current demand is very low, there is some
speculation that human activity in the Arctic is poised to increase substantially, and that will
create a commensurate increase in SAR demand.

Maritime Arctic Activity
Much of the speculation about the future of maritime activity in the Arctic stems from the
notion that climate-change induced reductions in seasonal sea ice could open waterways up to
expanded access for economic opportunity and research. Additionally, a growing global middle
24

class and a rising demand for resources will make developing the region’s natural resources more
cost-effective. While these trends may occur, the level and timing of the growth remains
uncertain. Recent predictions, such as the 2009 Arctic Marine Shipping Assessment (AMSA),
suggest that Arctic marine activity through 2020 will remain mostly destinational voyages
(importing and exporting resources, community resupplies) without substantial growth in new
commercial trade routes.36
Maritime transits through the Bering Strait serves as a useful metric for examining annual
maritime activity in the U.S. Arctic. While this metric includes ships bound for both U.S. and
Russia, the natural choke point provides a good measurement of the level and type of activity.
The graph and table below depict the number of annual northbound transits through the Bering
Strait (vessels going into the Arctic) from 2009 to 2015.37
Figure 3.2. Northbound Transits through the Bering Strait

Source: Marine Exchange of Alaska

Comparing 2015 and 2009, the number of ships going into the Arctic, represented by
northbound transits through the Bering Sea, has increased substantially from 136 transits to 232
transits. While this movement represents a substantial percentage increase, the baseline level of
activity is very low. To put these numbers into perspective, the Panama Canal saw 12,383
transits in 2015, over 50 times the number of transits as the Bering Strait.38 The years in between
2009 and 2015 tell a more complicated story. Annual transits in 2010, 2011, and 2014 were less
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than in 2009. Thus, it is unclear from this data if the recent spike is anomalous or if it is a sign of
future growth. Additionally, it is important to note that this dataset include transits that remain
entirely in Russian territory, without passing into U.S. territorial waters. As a result, transit
numbers over represent the actual level of maritime activity in the U.S. Arctic.
Drilling down into the different sources of maritime traffic helps clarify the types of activities
taking place in the Arctic, and their relative magnitudes. Table 3.1, shown below, breaks down
the 2015 northbound transits through the Bering Strait by type of ship.
Table 3.1. Types of Ships Making Northbound Transits through Bering Strait
Type of Ship

Number

Remarks

Tugs

67

Supports larger ships, particularly
Red Dog Mine

General cargo & Container Ship

38

31 Russian local; 5 Netherlands NSR

Bulk carriers

26

26 bound for Red Dog Mine

Shell Operations

22

Noble Discoverer, Polar Pioneer,
Support Vessels

Tankers

15

8 to U.S. Side; 7 to Russian side

Icebreakers

11

Russia, USA, Canada, Finland etc.

Passenger

11

Transits come from 4 ships

Research

10

Transits come from 3 ships

USCG

3

High, Medium & National Security
Cutter

Source: Marine Exchange of Alaska

Besides tugs, which support larger vessels, the largest source of Arctic maritime traffic is
general cargo and container ships. Most of these (36 of 38) are on the Russian side, either to
resupply Russian Arctic villages or to transit the Northern Sea Route, a shipping lane that runs
through the Russian Arctic. Only two transited into the U.S. Arctic. The next largest source of
activity is bulk carriers supporting Red Dog Mine near Kotzebue, just north of the Bering Strait.
Shell’s oil and gas exploration activities accounted for 22 ships, the next largest source of
demand. With Shell deciding to suspend Arctic operations, this source of human activity is not
likely to be sustained in the next 10 years or so. Other Arctic maritime activity included tankers,
icebreakers, tourism, research ships, and Coast Guard vessels. None of these sources individually
presents a very large source of human activity, but growth in any of these areas could present
new challenges for the SAR system.
Table 3.2 examines each source of Arctic maritime activity in greater detail to provide more
granularity on the current status of that level of activity, and what factors affect the future
uncertainty of growth or decline.
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Table 3.2. Current Status and Future Uncertainty of Arctic Maritime Activity
Activity

Northbound Bering Strait
Transits

Current Status

Future Uncertainty

Cruise Tourism

11

Crystal Serenity: 1700+
Oil prices, success of first
Northwest Passage (NWP) Arctic cruises, safety concerns
Cruise, building more ships

Commercial and
Destinational
Shipping

64 (36 NSR)

Low baseline. Russia pushing
NSR, community resupplies,
export natural resources

Sea ice, oil prices,
China/Russia relationship,
NSR development

Offshore Oil and
Gas Development

22

Shell halted off-shore activity,
others followed suit

Oil prices, geopolitics,
findings of exploratory drilling,
regulations

Commercial Fishing 0

Banned by int’l agreement, may
change if fisheries migrate North

Climate change, regulation

Scientific Research

Int’l interest in climate science,
Climate change, funding,
icebreaking technology for future icebreaker development,
satellite technology

10

Cruise Tourism

Retreating sea ice paired with an increasing international interest in the Arctic has opened the
Northwest Passage to increased tourist traffic in both smaller adventure vessels and larger cruise
ships. In 2015, 11 passenger vessels made Arctic excursions. In August of 2016, the Crystal
Serenity will become the first ship of its size to sail through the Northwest Passage, and it will
carry with 1070 passengers and 650 crewmembers. An ice-capable support ship will escort the
cruise ship to provide an additional layer of safety. While this extra vessel greatly reduces the
risk of the cruise, it should not be assumed that all Arctic cruise ships will take the same
precautions in the future.39 As Arctic cruise tourism become more established, the cruise tourism
industry may reduce safety measures to save money. Based on sizable demand for Arctic
expeditions, Crystal Cruises has ambitious plans to expand their Arctic fleet over the next few
years. Other cruise ship companies, particularly those with Antarctic experience, are watching
Crystal Serenity’s voyage with interest because it could provide an opportunity for business
growth.40
Uncertainty in the Arctic Cruise Tourism industry lies with the size of the demand for Arctic
tourism.41 Since these trips cater to the ultra-rich, with the cheapest fare on the Crystal Serenity
costing more than $20,000 and the trip lasting more than 30 days, the demand could be satiated
in just a few years. Additionally, a rise in oil prices or changes in maritime regulation could
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make these trips either economically unviable, or legally infeasible. Major accidents in the Arctic
could also derail the future demand for Arctic Cruises.
Commercial Shipping

Commercial shipping, consisting of both destinational and trans-arctic shipping, is poised to
benefit from expanded access to the Arctic. Currently, destinational shipping, as opposed to
trans-Arctic shipping, makes up the majority of commercial shipping in the Arctic, and this trend
is expected to continue. Destinational shipping includes community resupply and moving natural
resources out of the Arctic. In Alaska, Arctic communities receive fuel and other supplies in the
summer time when sea ice retreats and barges can land ashore. Natural resource export in the
Alaskan Arctic includes bulk carriers bringing resources from Red Dog Mine (the world’s largest
zinc mine), which accounts for 26 of the transits through the Bering Strait.42
Trans-Arctic shipping takes advantage of routes unlocked by retreating sea ice to
theoretically save time and money. Currently, however, the ice-free operating window for both
the Northern Sea Route (NSR), off the coast of Arctic Russia, and the Northwest Passage
(NWP), atop Alaska and through the Canadian Archipelago, is limited and unpredictable. This
uncertainty is a roadblock for commercial shipping companies who have built global logistics on
a “just-in-time” model; uncertain arrival times disrupt the entire system making Arctic shipping
uneconomic for anything besides bulk cargo.43 Accordingly, the unpredictability associated with
seasonal sea ice, Arctic storms, and minimal infrastructure has prevented growth along transArctic shipping routes. Should seasonal sea ice continue to retreat as predicted, these routes may
become more developed, but in the near term, trans-Arctic shipping will likely remain low.
Another important facet of Trans-Arctic shipping is that disparate effects of climate change
and coastal geography are providing greater accessibility to the NSR, while the NWP remains
more ice bound and open for a shorter window during the summer.44 The interaction between
climate change and geography has, and will continue to, shape the popularity of Trans-Arctic
shipping routes for the next century. Presently, the greater accessibility of the NSR has coincided
with greater maritime traffic through Arctic Russia than through the U.S. Arctic. However, if
climate change continues to open up Arctic shipping routes to longer seasons and more
accessible routes, shipping through the U.S. Arctic may experience substantial growth by midcentury. The shipping route from Asia to the East Coast of the U.S. would be one of the biggest
drivers of this increase. Additionally, routes through the North Pole—far from any coastline and
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geographically the most direct—may become viable. Should this happen, the SAR requirements
may be more significant, but it is not expected in the near term.
There is tremendous uncertainty about the future of shipping in the Arctic. The Arctic
Maritime Shipping Assessment lists the most influential factors affecting the future of the Arctic:
global oil prices, new Arctic natural resource discoveries, the relative severity of climate change,
a possible major Arctic marine disaster, transit fees for waterways, and political regulations. In
the near term, however, Arctic shipping is not expected to experience substantial growth. Table
3.3, shown below, depicts the results from a study that forecasts Arctic vessel activity in 2025.
The study estimates ranges for three different growth factors: business as usual growth,
diversions from other shipping routes to the Arctic, and expansion of natural resource projects in
the Arctic.45 The study uses a baseline figure of 250 vessels for these estimates.
Table 3.3. Vessel Activity Growth Estimates for U.S. Arctic in 2025
Lower Bound

Central Bound

Upper Bound

BAU Annual Growth

1.30%

3.00%

3.50%

Annual Diversion

2.00%

5.00%

8.00%

Natural Resources

10.00%

25.00%

50.00%

Combined Vessels in 2025

350

710

1150

At between 10-50% annual growth, the study estimates natural resource production to be the
largest source of growth in Arctic maritime activity. Additionally, with Shell’s recent decision to
halt Arctic operations, and other oil companies following suit, the lower bound estimate appears
more likely than the upper bound estimate, and even then it may be too high. Diversion of ships
from other shipping routes is estimated to be much less, at between 2-8%. Collectively, the
predicted range in vessel activity is between 350 and 1150 ships, relatively low numbers as
compared to other shipping lanes.
Offshore Oil and Gas Development

The 2008 United States Geological Survey (USGS) Circum-Arctic Resource Appraisal
estimates that the Arctic contains an estimate of 13% of the world’s undiscovered but
recoverable oil, 30% of its natural gas, and 20% of its liquefied natural gas.46 Additionally, the
report estimates that 80% of these resources are offshore. It is important to note that the variance
on these estimates is quite large, but the overarching point holds true: there is a wealth of
45
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resources in the Arctic for anyone who can harness them. The recent challenge has been to
develop offshore Arctic energy resources. Royal Dutch Shell led the way in the U.S. Arctic
investing as much as $7 billion into offshore exploratory drilling during the past 10 years.47
Despite the predicted reserves and the extensive efforts to develop them, Shell announced in
the summer of 2015 that it was shutting down its Arctic operations citing a lack of a substantial
discovery, high costs, low oil prices and an uncertain regulatory environment.48 Following
Shell’s announcement, other oil companies including ConocoPhillips, Statoil, and Iona Energy
Inc. halted Arctic offshore drilling plans and relinquished leases valued at over $2.5 billion
dollars.49 This sharp turn by oil companies points to a much slower timeline for the development
of Arctic energy resources, and raises the possibility that these reserves may never be developed.
The belief that offshore Arctic energy development will eventually occur stems from the
converging factors of increasing demand for global resources, improving drilling technology,
and continued reduction in seasonal sea ice coverage. If existing oil fields continue to produce
less oil, without substantial new discoveries, and oil prices increase in response to the growing
demand, then U.S. offshore Arctic energy reserves may become more economically viable to
develop. Improvements in drilling technology and longer periods free of summer sea ice also
help make these reserves more viable. On the other hand, factors pushing to prevent future
development include increasing policy regulation, improving alternative energy sources, and
increasing public pressure to prevent Arctic oil and gas development. One noteworthy variable is
climate change—while retreating sea ice opens up ice-free sections of the Arctic Ocean, it also
makes the region more vulnerable to storm surges that complicate offshore drilling; the
elimination of one roadblock gives rise to another. In sum, the future development of U.S. Arctic
offshore oil and gas reserves is unlikely in the next ten year, uncertain in the longer term, and
highly dependent on global oil prices, drilling regulation, public sentiment, and climate change.
Commercial Fishing

The international moratorium against commercial fishing in the Arctic will be in place until
better scientific research can be done to understand the fisheries.50 The existing regulation sets
the possibility of reevaluating fisheries in the future should they become viable in the future.
There is some speculation that retreating seasonal sea ice and warming oceans may drive cod,
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herring and pollack out of the Bering Sea and into the Arctic.51 Climate change has cascading
and interacting effects on water temperature, salinity, acidification, and sea ice characteristics
that all may affect fish populations. The complexity of these variables and their interaction make
it difficult to predict what impact these changes might have. To account for the potential change,
the moratorium leaves open the possibility of opening Arctic fisheries if the research establishes
their viability. Uncertainty remains on how climate change will alter fish migrations, and how
the policy regulation will respond to any changes should they occur.
Scientific Research

The concentrated impacts of climate change in the Arctic have driven a rise in research
associated with identifying and tracking these changes. Many nations are interested in studying
the Arctic, and send researchers to the region annually. Russian scientists annually set up a
drifting research station on the pack ice to study the region.52 U.S. scientists from the National
Science Foundation conduct Arctic research aboard the United States Coast Guard cutter
(USCGC) Healy icebreaker. Asian countries like India, China, Japan, South Korea, and
Singapore have taken interest in the Arctic for future economic opportunity and commercial
shipping, have been granted “Observer Status” in the Arctic Council, and have developed
research programs to support long term planning.53 From the Bering Strait data, 10 research
vessels and 11 icebreakers transited into the Arctic in 2015. Sustained interest in Arctic research
could bring more research vessels into the Arctic, but the ceiling for research is substantially
lower than for shipping or oil and gas development.
Uncertainty remains due to funding volatility, improvements in satellite technology and
remote sensing, and climate change impacts. Funding for scientific research is notoriously
volatile, and with Arctic operations being very expensive, funding could easily disappear.
Additionally, improvements in satellite technology and remote sensing capabilities allow many
scientists to collect better information and conduct research remotely. Lastly, climate change is
forcing some scientists to adapt their research. In the last three years, a breaking up icepack has
forced the premature evacuation of the SP-40, the Russian drifting ice station in 2013, as well as
the U.S.-run Ice Exercise (ICEX), an Arctic exercise held in conjunction with a research station
set up on the pack ice in 2016. In the future, the lack of reliable multi-year pack ice could
prevent countries from establishing these types of research stations and instead place greater
reliance on remote sensing and observation to support scientific research. A movement in this
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direction would reduce human activity in the Arctic, and thus decrease the likelihood of an
accident.

Arctic Aeronautical Activity
Arctic aviation consists of transpolar flights, and destinational flights. Unlike maritime
activity, these sources of Arctic activity are less susceptible to climate change. Table 3.4, shown
below, outlines the current status and future uncertainty of transpolar commercial aviation, and
destinational arctic aviation. Assuming a constant level of risk, to be addressed later in this
chapter, increasing human activity equates to an increasing demand for SAR.
Table 3.4. Current Status and Future Uncertainty of Arctic Aviation
Activity

Current Status

Future Uncertainty

Transpolar Commercial Aviation

10,000+ flights annually and growing

Oil prices, strength of global
economy, geopolitics

Destinational Arctic Aviation

Community-to-community flights,
hunting and adventure tourism

Oil Prices, North Slope economics

Transpolar Commercial Aviation
Transpolar flights that overfly the U.S. Arctic SAR region have been one source of sustained
growth in human activity since the first demonstration flights in 1999, reaching just under 10,000
flights in 2010.54 These flights began following the end of the Cold War when warming relations
between the U.S. and Russia opened up the possibility for commercial airliners to fly routes over
the Arctic, through Russian airspace, and into Asia, Europe and the Middle East. Commercial
airline operators were quick to develop these routes as they led to large money and time savings.
Transitioning the New York to Hong Kong route over the poles, for example, shaves off 5.5
hours of flight time as compared with the previous non-polar route.55 Traditionally, only fourengine aircraft were able to overfly the Arctic due to extended operations (ETOPS) requirements,
which mandated that planes stay within a minimum distance to diversion airports to allow for
safe landings in the event of an engine loss. In the Arctic, diversion airports include Barrow,
Alaska, as well as Thule, Greenland, and Yellowknife, Canada. In 2007 and 2013, Boeing
received approval to change ETOPS restrictions from 180 minutes (3 hours) to 330 minutes (5.5
hours) for both the 777 and the 787 aircraft, respectively.56 This change has increased the
number of polar flights and allowed these aircraft to stray farther from diversion airports. Figure
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3.3, shown below, depicts growth in transpolar aviation between 2003 and 2010. More recent
data beyond 2010 could not be located.
Figure 3.3. Growth in Transpolar Aviation

Source: Nav Canada
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Extrapolating linearly from the trend in data between 2003 and 2010 predicts roughly 18,000
transpolar flights over the Arctic in 2016. The slight dip in the growth of transpolar flight growth
between 2008 and 2009 may be attributable to the global recession decreasing the demand for air
travel. One key piece of information missing from this data is the impact of the 2013 change in
ETOPS requirement. This should conceivable increase the number of transpolar flights.
Looking to the future, uncertainty about the number of transpolar flights is driven by the
economy and geopolitics, among other factors. Closer economic ties between the U.S. and Asia
could drive an increase in transpolar flights, while geopolitical disputes with Russia could close
off the airspace as it did during the Cold War.
Destinational Arctic Aviation
Smaller aircraft are a staple in the Arctic, being used for resupply, for travel between
villages, and for recreation. Barrow and Prudhoe Bay are the largest airports on the North Slope,
with daily flights to and from Anchorage/Fairbanks, and with flights to many of the smaller
villages. With no roads connecting Arctic villages, almost all resource need to be flown in.
Additionally, considerable air traffic supports the oil fields in Prudhoe Bay where most workers
travel home every two-three weeks. The prime hunting grounds offered by the Brooks Range
57
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bring a number of hunters from Southern Alaska flying into the region. Additionally, the
NSBSAR has noted an increase in the number of adventure tourists traveling to remote parts of
the Arctic, many of whom are unprepared for the harsh environment and end up requiring SAR
support.58 The growth or decline in inter-Arctic flights is tied to economic development of the
region. Resupply and commerce flights between villages are unlikely to vary substantially.

Military Activity and Catastrophic Incident SAR
The last two sources of activity that could create a demand on the SAR system are military
operations and catastrophic incidents that impact North Slope communities. These two sources
of SAR demand, their current status, and their future uncertainty is captured in Table 3.5 below:
Table 3.5. Status of Military Activity and Catastrophic Incidents
Activity

Current Status

Future Uncertainty

Military Activity

Intercepts of Russian aircraft, Arctic exercises,
distant early warning (DEW) line sustainment

US/Russia relationship, oil prices
and the strength of the Russian
economy, geopolitics

North Slope Community
Emergencies

Coastal erosion threatens communities,
vulnerable Arctic infrastructure

Coastal erosion, climate change,
natural disasters, whaling accidents

Arctic Military Activity
U.S. military activity in the Arctic includes conducting the Air Sovereignty mission to
intercept foreign aircraft approaching U.S. territory, military training exercises, and the upkeep
of the Distant Early Warning Line sites. The Air Sovereignty mission involves F-22s scrambling
to intercept foreign aircraft flying towards the U.S. Air Defense Identification Zone (ADIZ).59
These incursions were common in the Cold War, but it was in 2006 that they began anew,
averaging roughly five a year between 2006 and 2014.60 Russian action in the Crimea in August
of 2014 also coincided with a marked increase in Air Sovereignty missions, with 16 ADIZ
incursions in 10 days.61 While the closest distance between the US and Russia is in the Arctic,
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which makes the region a natural location for confrontation, not all of these missions have
occurred on the North Slope of Alaska. Some missions have taken place along the western
coasts of Alaska and California. Due to the military nature of this information, it is unknown
how frequently these Arctic missions occur and where activity is concentrated.
Military training exercises present another source of Arctic military activity. During 2016,
the Navy, Alaskan Command, and the Coast Guard all held or are holding Arctic exercises. The
Navy held ICEX in April, which included an ice camp and submarine surfacing 200 miles off the
North Slope. Alaskan Command is conducting Arctic Chinook, a live Arctic SAR Exercise in
August of 2016 near Nome. Lastly, the Coast Guard is conducting Arctic Shield, their annual
Arctic exercise, during the summer of 2016 with SAR helicopters based in Kotzebue, and a
cutter in the Arctic Ocean.
Lastly, upkeep of radar sites on the North Slope is minimal but presents a small source of
Arctic military activity. NORAD maintains radar stations across the North Slope as part of the
North Warning System, which utilizes upgraded DEW line radar sites that were built during the
Cold War.62 Improvements in radar technology have enabled NORAD to consolidate and
deactivate many sites, reducing the human presence in the region.63 Across the North Slope,
there are three active radar sites at Barter Island, Point Barrow, and Oliktok Point, and twelve
deactivated sites. Barring an evacuation, there is very little foreseeable need for SAR assets to
support these sites.
The future of Arctic military activity is unclear. On the one hand, there is currently very little
military activity in the Arctic, and infrastructure to support military activity is lacking. However,
the DoD, Navy, and Coast Guard all published Arctic Strategies in the last five years, suggesting
that the Arctic is an area of potential future activity due to its strategic value. In addition,
Russia’s well-documented efforts to refurbish Arctic military infrastructure and modernize
aircraft and weapons systems, paired with increasing tensions with the West, suggest that Arctic
military activity may increase. That being said, Russia remains cooperative in the Arctic, rather
than confrontational. They have participated in, and shown deference to, the Arctic Council, and
have continued to work with the USCG to collaborate on economic exclusive zone boundary
issues and on SAR cases.64 Thus, it is unlikely that Arctic disagreements would spark military
confrontation in the Arctic, but conflicts in other parts of the world may spill over into the
Arctic, as was the case in WWII and the Cold War.
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Catastrophic Incident SAR
Another potential demand signal for U.S. SAR forces in the Arctic is responding to assist
North Slope communities following a “catastrophic incident” SAR (CISAR) event. As a smaller
historical example, in 2005 the AKANG had to respond to Kaktovik in the middle of a winter
storm to bring an electrician to fix a broken power generator whose failure had threatened the
well-being of community members.65 The impacts of climate change, which are felt most acutely
by Arctic coastal communities, may cause increased demand for CISAR. This includes coastal
erosion and a storm surge flooding coastal communities, or a salt-water incursion into the fresh
water supply creating a public health emergency. Both of these incidents could trigger a SAR
response.

Longer-Term Arctic Future Uncertain
While in the near term, the next 10 years or so, Arctic activity is not expected to rise
substantially from its low baseline, the longer term could bring greater change. In his book, The
World in 2050, Lawrence Smith, an Arctic expert and professor of Geography at UCLA, notes
that current trends point to a future world where global hubs of power and industry have shifted
to the north and the Arctic is more industrialized and prosperous.66 Smith cites four factors
driving the world in this direction: human population growth and migration, growing demand for
control over natural resources, globalization and climate change. In his assessment, Smith is
careful to highlight that he is projecting linearly from current models, and that considerable
uncertainty underlies the models. Geopolitical factors, technology changes, unforeseen events
could all drastically shape the future of the Arctic in inherently unknowable ways.
The Arctic Council’s Arctic Marine Shipping Assessment (AMSA) report also projects
future potentialities of the Arctic region. The report uses scenario creation to identify two
primary axes of uncertainty: resources & trade, and governance. The resulting matrix, shown in
Figure 3.4, provides a useful framework for thinking about potential Arctic futures.
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Figure 3.4. AMSA Framework for Potential Arctic Futures

Source: Arctic Marine Shipping Assessment (AMSA)

This matrix presents four potential Arctic futures that are a function of demand of resources
and trade, and stability of Arctic governance. By governance, AMSA is referring to the
framework that exists for regulating commerce and resolving disputes. In the case of high
demand and stable governance, an Arctic Saga, the Arctic is developed conscientiously, while
taking into consideration concerns for preserving the environment and the indigenous
communities. In the case of high demand and unstable governance, an Arctic Race, unregulated
resource development leads to economic interests driving development at the cost to the
environment. If demand remains low and governance remains stable, a Polar Preserve, the region
will be protected stringently with little economic activity. Lastly, if demand remains low and
governance becomes unstable, the Arctic would be underdeveloped but unprotected by
regulation.
The trajectory of the Arctic could be affected by major accidents in the Arctic, technological
developments that shift the economy away from dependence on oil and gas, improvement in
drilling technologies that unlock other reserves, among other factors. Similarly, Arctic
governance could greatly affect the shape of the Arctic in the future. While military conflict over
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Arctic issues is unlikely, the 20th century featured a number of non-Arctic military confrontations
that spilled over into Arctic territory. Heterogeneous impacts of climate change, for example,
may be a destabilizing geopolitical force that ignites global conflict. This narrative could persist
and undermine the credibility of the Arctic Council governance structure to preserve peace.
From a SAR standpoint, uncertainty in the future of human activity, which makes up part of
the demand signal for SAR cases, leads to similar uncertainty in planning SAR capacity.. Trends
across all sources of human activity suggest that in the near term, activity will remain low. In the
longer term, it may be safe to conclude that direction of human activity in the Arctic will likely
rise, while the magnitude and timeline of this change is unclear. With a response role, the SAR
system will need to largely reactive in adapting to whatever Arctic future presents itself. With
present and future sources of human activity adequately addressed, I will shift focus to the level
or risk.

Arctic Risk Factors
First and foremost, the unique aspects of the region make human activity—aeronautical and
maritime—more risky than it is elsewhere in the United States. In an aeronautical environment,
solar storms can disrupt navigational systems and icing conditions can interfere with aircraft
performance. In a maritime environment, unpredictable seasonal sea ice presents a persist threat
to vessels operating in the Arctic. For both, the extreme environment, long distances between
locations, minimal logistics and communications infrastructure, and lack of reliable weather
reporting present substantial obstacles to Arctic operations. To summarize, some of the key risk
factors of the Arctic environment include:
 Extreme environment
 Long distances
 Unpredictable sea ice
 Increased radiation and solar activity
 Extended winter darkness
 Minimal logistics and communications infrastructure
 Minimal weather reporting
These risk factors act to increase the likelihood of an accident, to decrease the chances of
survival if an accident occurs, and to prevent SAR responders from responding quickly and
efficiently.

Role of Technology and Policy in Mitigating Risk
While operating in the Arctic is risky to human operators, improvements in satellite
technology, aviation and maritime safety, and preventative policy measures have mitigated some
of the inherent risks of operating in the region. At the same level of human activity, a reduction
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in risk corresponds to a reduction in SAR demand. Nevertheless, Normal Accident Theory
predicts that accidents will continue to happen despite, and in some cases caused by, efforts to
mitigate risk.
Satellite Advancement Solves Information Challenges
Vast improvements in satellite technology have given Arctic operators: 1) access to
information to reduce the uncertainty of their operations, and; 2) the ability to communicate and
mitigate risk as it arises. Having information on the environmental conditions reduces
uncertainty, being able to communicate with others empowers operators to act and prevent
accidents before they occur. In tandem, this improvement makes Arctic operations safer than
they have ever been.
In August 2011, NOAA signed an agreement with Shell, ConocoPhillips, and Statoil USA to
share data from Polar satellites.67 Access to this data enabled Shell to stand up a 24/7
meteorological team to provide operators with reliable weather forecasts for the region.68 This
data helped Shell determine when they needed to move to avoid drifting ice floes, and when they
needed to leave the region to avoid the growing icepack.69 Similarly, as Crystal Cruises prepares
for their 2016 Northwest Passage Cruise, they plan to rely on satellite communications to
maintain communication between the Captain and the Operations Center throughout the cruise.70
Should they need to evacuate, they plan to be able to coordinate the entire rescue operation
(move passengers to other ships or shore, coordinate charter aircraft, etc.) without needing
assistance from rescue forces. The ability to communicate empowers commercial operators to
have the information they need to make decisions and mitigate risk, and act to coordinate their
own rescue should an accident occur.
The increasing ability to “self-rescue” is one of the cited reasons for the AKRCC’s roughly
30% drop in SAR cases over the last decade.71 Looking at SAR case data, from 2005-2007 the
AKRCC responded to 111 aviation accidents, whereas from 2010-2012 they responded to 81
cases. This 27% decline in SAR cases may be anomalous, but there is reason to believe
otherwise. In interviews with AKRCC SMEs, they cite one source of this trend to the rise in
commercial InReach devices and satellite phones that aviators to coordinate their own rescue. If
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Alaska, 50-foot seas snapped the tow line causing the drilling rig to run ashore and 18 workers to need to be rescued.
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people need assistance, but are not in mortal danger, they can now call friends, family, and
commercial entities rather than SAR responders.
Increased ability to communicate from remote locations is a double-edged sword from a SAR
perspective, however. On the one hand, if people can coordinate their own rescue without
requesting government assistance, there is a drop in demand. On the other hand, the additional
safety net allows people to take greater risks and travel to more remote locations, taking on
greater risks and potentially increasing the SAR demand. This partially explains the rise in Arctic
adventure tourism seen in recent years. The NSBSAR reports a rise in cases of lost hikers in the
Brooks Range, and in 2014, the USCGC Healy icebreaker diverted to rescue a man and his
sailboat trapped in sea ice north of Barrow.
Aeronautical and Maritime Travel Becoming Safer
Efforts to improve aviation safety have reduced the frequency of aviation accident by a factor
of five since 1970. The implementation of improved safety technologies and practices, such as
increasing automation, improved cockpit information displays, and Crew Resource Management
(CRM) teamwork practices, have drastically improved the safety record of commercial aviation,
even as the number of annual flights has continued to rise. Figure 3.5, shown below, depicts
trends in both civil aviation activity and safety over the last 45 years. This figure shows data for
the civil aviation, which includes both private and commercial non-military aviation.
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Figure 3.5. Trend in Civil Aviation Activity and Safety 1970-2014
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*Civil aviation accidents involving Fatalities within the United States, its territories and possessions, and in
international waters.
*Source: National Transportation Safety Board
**Source: World Bank Air Transport, Passengers Carries

Since 1970, the number of aviation passengers has quadrupled, but the accident rate has
dropped by a factor of five. The opposite movement of these two trends—number of passengers
increasing and accident rate decreasing—has resulted in the number of fatal accidents halving
since 1970. Overall, these trends demonstrate the dramatic improvements in the safety record of
civil aviation over the past few decades. For Arctic SAR, this means that the increase in number
of transpolar flight does not necessarily mean an increase in risk because civil aviation is
becoming safer—the two trends are moving in the opposite direction.
Looking more specifically at commercial aviation, the aircraft that fly transpolar routes,
Boeing estimates the 10-year accident of the worldwide commercial jet fleet to be 0.28 accidents
per million departures.73 To put this accident rate into perspective, if there are 20,000 transpolar
flights a year, the odds of an accident in any given year are 1:179. These are the odds for an
accident in general, and not for an accident in the Arctic specifically. Based on Boeing’s data,
accidents during the “cruise” stage of flight (when the aircraft would be overflying the Arctic)
72

http://www.airshowfan.com/air-travel-is-ridiculously-safe.html

73

“Statistical Summary of Commercial Jet Airplane Accidents: Worldwide Operations 1959-2014” (Boeing
Commercial Airplanes, August 2015),
http://www.boeing.com/resources/boeingdotcom/company/about_bca/pdf/statsum.pdf.

41

make up only 13% of all accidents.74 This reduces the overall likelihood of a commercial plane
crash in the Arctic to a very low figure of one accident every 1373 years. These odds drop
further when considering the fact that the U.S. Arctic SAR Region is a small slice of the overall
Arctic. Thus, while certainly possible a transpolar aviation accident is highly unlikely.
Focusing specifically on the State of Alaska, there has been a substantial decline in the
number and frequency of plane crashes, as shown in Figure 3.6 below:
Figure 3.6. Historical Perspective of Improving Aircraft Safety Record in Alaska

Source: AKRCC

The dramatic reduction in aircraft crashes in the last two decades, as compared with the
previous four decades, reflects improvement in the safety of private aviation. This downward
movement in aviation risk, commercially and privately, works to decrease the demand for SAR
resources.
Switching to the maritime environment, the JRCC has also seen a reduction in annual SAR
cases in Alaska during the last decade. Comparing the annual number of cases, calculated over
three year periods to dampen out annual variability, from the beginning and end of the Arctic
SAR data set shows a 14% reduction in the number of annual cases. From 2005-2007 the USCG
responded to 1160 cases,75 a rate of 387 per year, whereas from 2010-2012 they responded to
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997 cases, a rate of 332 per year. This reduction in the SAR caseload may be anomalous (I am
only comparing two cohorts) and is likely the result of a number of other factors, but a reduction
in risk due to improvements in technology is one very plausible explanation for this trend.
Risk in the maritime environment is also decreasing, with a downward trend in all types of
maritime accident types between 2004 and 2015. The trend in maritime accident type serves as a
useful proxy for assessing the changing level of risk to maritime operations. Figure 3.7, shown
below, depicts the trend in maritime accident types from 2004-2015.
Figure 3.7. Trend in Maritime Accident Types 2004-2015

Source: Transportation Safety Board of Canada

Across all types, there were fewer accidents in 2015 than there were in 2004. Though there is
significant variability in the data, with each year not necessarily being less than the previous
year, the decreasing trend in number of accidents across the board is indicative of substantial
improvements in vessel safety, and a decrease in the level of risk of maritime operations.
In sum, the past few decades have brought substantial improvements in both aviation and
maritime safety. Trends in Alaskan SAR case records and in both aviation and maritime
accidents demonstrate this trend. Most striking is the fact that the number of aviation and
maritime accidents have decreased despite increases in overall traffic. One likely explanation for
this trend is a substantial decrease in the level of risk of aviation and maritime transportation.

incomplete. Additionally, the 2004 year group was also missing data. As a result, 2005-2007 and 2010-2012 were
selected to be most representative of the trend.
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Polar Code
The Polar Code, scheduled to be implemented January 1, 2017, is designed to enforce
minimum standards for construction, equipment, and operations for all ships operating in the
Arctic.76 The international agreement, adopted by the International Maritime Organization in
2014, is designed to mitigate risk and protect both mariners and the Arctic region. If
implemented fully, this policy measure could serve as a preventative influence to reduce even
further the risk of Arctic operations and thus reduce the demand for SAR in the Arctic.
Commercial Operator Precedent
Thus far, the commercial companies operating in the Arctic have done so cautiously, setting
a good precedent for future Arctic operators. As an example, Shell oil company planned for selfsufficiency by bringing an icebreaking ship to support drilling operations as well as contracting
two S-92 helicopters to provide 24/7 SAR coverage, and standing up a 24/7 meteorological team
that provided detailed weather forecasts to the drilling crews, and helped management determine
a departure date.77 Ships were built to Polar Code specifications, and resources were flown in to
prevent a depletion of community resources. Shell assumed there would be no SAR support, and
took the appropriate safety measures in order to be self-sufficient.
Similarly, Crystal Serenity is planning to have a support ship with an ice strengthened hull,
forward looking sound navigation and ranging (SONAR), and a medivac helicopter to mitigate
the risk of an accident, and improve the support capability available should an accident happen
anyway.78 They have their own ice forecasting team to assess whether the Northwest Passage is
sufficiently clear to ensure safe passage.
Both of these operators, at the forefront of Arctic economic activity, have been acting
responsibly to manage the inherent risks associated with the Arctic environment, and have set a
high standard for other operators to meet. Part of the reason for this is the high level of public
scrutiny that has been placed on these two organizations. The rise of social media and the
proliferation of information strengthen the impact of public sentiment on both public figures and
on commercial enterprises. In this regard, taking additional safety measures was important for
having political support to obtain the necessary permits, and for avoiding a public relations
nightmare. While these two commercial operators paid the extra money to provide additional
safety nets, it cannot be expected that those who follow suit will do the same, particularly if
international attention fades from Arctic economic actors.
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Limitation to Risk Mitigation Efforts
Accidents occur at the interaction between risk and human decision-making. Here I present
two different theories that suggest that while risk may be decreasing, accidents will continue to
occur with regularity. First, an effort to mitigate risk with technological solutions often adds
complexity that can create new types of accidents. Accidents are inevitable despite, and in fact
because of, our best efforts to prevent them. Second, humans adjust their decision-making based
on their perceived level of risk. As perceived risk decreases, risk-accepting behavior increases to
eliminate some of the potential gains of the safety improvements.
Normal accident theory predicts that accidents are inevitable and no amount of technology
can prevent them. Despite the downward trend in risk and efforts to prevent Arctic SAR cases
from occurring in the first place, the nature of complex systems makes accidents inevitable. The
2009 Air France Flight 447 crash is a perfect example of this.79 Despite having a perfectly
functioning aircraft, the plane crashed into the Atlantic when the pilots became confused with the
unexpected outputs of the automated system and put the aircraft into an unrecoverable stall.
Automation was introduced to prevent human error from causing accidents, but even as it did so,
it created a new genre of accidents: those caused by confusion between the pilot and the
automated system. Platform modifications designed to improve capabilities in the extreme Arctic
environment may at some point have the same unintended impact, spawning an Arctic SAR
event that the modification was designed to prevent.
Charles Perrow, the sociologist that introduced Normal Accident Theory, poses that “normal
accidents” are inevitable in complex, tightly coupled systems. The theory states that engineering
solutions designed to reduce the likelihood of system failure add complexity to the system and
cause the opposite effect leading inevitably to system failure. Little failures within complex
systems interact in unpredictable ways to cause more catastrophic failure, as they did with Air
France Flight 447. Applying this principle to Arctic maritime and aeronautical operations,
increased efforts to find engineering solutions to mitigate the inherent risks presented by the
maritime environment add complexity and will ultimately result in accidents. These accidents
may be less frequent than they would be with the original system, but accidents themselves are
inevitable and cannot be prevented. For these reason, a robust Arctic SAR capability is required.
There is also reason to believe that technological improvements that make the Arctic safer
will be mitigated, to some degree, by increased risk acceptance of human operators. Risk
compensation theory suggests that humans adjust their behavior based on the perceived level of
risk. This means that efforts to make systems safer—like antilock brakes, football helmets,
rescue beacons—also enable people to push the limits further than they would otherwise,
eliminating some of the potential safety gains. Applied to Arctic SAR, this suggests that
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improving communications and satellite technology does make the region safer, but with better
information, Arctic operators may accept greater risk by, for example, operating closer to
unpredictable ice floes. Changes to ETOPS restriction to enable expanded transpolar aviation can
also be seen in this light. Due to a low-level of perceived risk, the aviation community made a
policy change to accept greater risk. In essence, safety and risk acceptance work in tandem to
ensure that accidents will continue to happen.

Summary
With an average of one to two SAR cases a year, the current demand for USAF and USCG to
provide Arctic SAR resources was is very low. The future demand for Arctic SAR is a function
of both human activity and level of risk, and is not likely to increase substantially in the near
term. In the maritime environment, increases in shipping, tourism, natural resource development,
and scientific research have occurred, but the baseline level of activity remains low. In the
aeronautical environment, transpolar and military aviation are on the rise but also from a low
baseline. In the longer term, human activity in the Arctic may increase substantially, but the
timeline and magnitude of these changes remains highly uncertain. Factors like oil prices,
climate change, geopolitics, technology development, and major accidents will factor in the
future trends.
Risk factors in the Arctic include the extreme environment, unpredictable sea ice, increased
radiation activity, a lack of weather reporting, minimal support infrastructure, and long distances.
These factors make the region more risky for Arctic operators, and make it more difficult for
SAR responders. Technology improvements are making human activity in the Arctic safer,
however, with a downward trend in aeronautical and maritime accidents even as activity
continues to rise. Satellite technologies are providing Arctic operators with better information
and communications capabilities than they have ever had, enabling them to understand and
mitigate risk as it arises, and better coordinate to assist in the SAR response. However, Normal
Accident Theory and risk homeostasis theory suggest that efforts to make the Arctic safer only
work to a point; accidents will continue to happen in the Arctic necessitating an effective Arctic
SAR response.
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Chapter Four: What is the current U.S. capability for supplying
SAR in the Arctic, and how is it changing?

In this chapter, I address the ability of U.S. to supply SAR services to the Arctic. I outline the
Arctic SAR capabilities provided by the Air Force, the Coast Guard, and partner organizations
that the RCCs may ask to assist. For each organization, I outline capabilities, estimate response
times of key assets to the Arctic region, and discuss challenges associated with providing SAR
services in the Arctic. Lastly, I discuss how improving technology affects the ability of SAR
organizations to overcome key information challenges, improve their effectiveness.

Air Force SAR Capabilities
Air Force assets that can be utilized for SAR lie primarily within the AKANG rescue
squadrons (RQS) with additional airlift capabilities from the Active Duty Air Force. The 176th
Wing of the Alaska National Guard operates three RQS to support the fighter wing operations of
11th Air Force. The 210th, 211th, and 212th Rescue Squadrons (RQSs) have as their primary
mission Combat Search and Rescue for which they train and deploy with the Active Duty Air
Force as needed.80 They are funded by 11th Air Force to stand alert and support military flying
operations throughout the state. In Alaska, they can be requested, and are often utilized, by the
RCC to support Civil SAR missions.
Table 4.1 outlines the Air Force forces that can be utilized to support SAR (civil or military)
cases in Alaska.

80

Interview with AKANG SME.

47

Table 4.1. Air Force and Alaska Air National Guard SAR Assets
Organization

Asset

#

Capacity
(litters/ppl)

Speed
(knts)

Comment

210th RQS
(Elmendorf)

HH-60

5

4/8

130

Unlimited range with aerial refueling

210th RQS
(Eielson)

HH-60

1

4/8

130

Shorter alert status than Elmendorf
crews

211th RQS

HC-130

4

10/20

290

Aerial refueling, land on gravel runways

212 RQS

Guardian Angel
(GA)

36

--

--

Pararescuemen/combat rescue officers
(PJs/CROs) and gear, air-droppable,
can provide paramedic-level medical
care

517/249 AS

C-17

8

36/54

450

Trained to drop GA

th

Source: Interviews with, and briefings provided by, AKANG SMEs

The 210th RQS operates the all-weather HH-60 Pavehawk helicopter out of Elmendorf Air
Force base (AFB), in Anchorage, and Eielson AFB, in Fairbanks. These helicopters are outfit
specifically for SAR operations and have the important capability of being able to be air-refueled
from an HC-130. This capability extends the range of the HH-60 so that it can fly offshore and
out over the pack ice. This long-range capability allows it to respond to cases all the way up to
the North Pole, weather and crew rest permitting. With SAR modification like auxiliary fuel
tanks, it has a limited capacity capable of carry four litters and eight ambulatory patients.81 The
HH-60 is designed to be all-weather capable, with de-icing capability that can allow it to fly in
moderate icing conditions.
The 211th RQS operates the HC-130 Combat King fixed wing aircraft out of Elmendorf AFB,
in Anchorage. These aircraft are modified specifically for the Personnel Recovery mission set
and have both extended range and the ability to provide aerial refueling to HH-60 aircraft. They
have a Forward Looking Infrared (FLIR) system capable of locating heat signatures at night, and
can fly with night vision goggles (NVGs). They provide a communications platform and often
serve as the on-scene commander (OSC) during rescue missions. They are outfit to be able to
land on gravel runways and provide medivac capability to remote airfields across the State.
Additionally, they can airdrop personnel and resources to support the SAR response.
The 212th RQS operates the Guardian Angel weapons system, comprised of Combat Rescue
Officers (CROs), Pararescuemen (PJs), and survival, evasion, resistance, and escape (SERE)
Specialists, and their rescue equipment. CROs, PJs, and SERE personnel are specifically trained
to execute the personnel recovery mission. The 212th has 36 personnel to provide both survival
and medical capabilities to support isolated personnel in any environment: ocean, mountains,
tundra, glaciers, etc. To reach isolated personnel and provide support, these rescue forces can
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travel on the HH-60 helicopters or, if required, parachute from HC-130 aircraft. The medical
capability lies with the PJs who are trained paramedics, and can provide emergency medical care
sufficient to stabilize many injuries for medevac to a higher level of care.
For Arctic cases, the AKANG maintains the Arctic Sustainment Package (ASP) that can be
airdrop into remote locations with GA personnel if required. The ASP contains survival
resources (shelter, food, communication, medical gear, Argo amphibious vehicles, snow
machines, etc.) that can be utilized to provide medical and survival support to 26 people for 72
hours. This enables support services to be quickly provided at a long range while the actual
recovery effort is being planned and executed. This is particularly important in Alaska where bad
weather and icing conditions can delay helicopters for days at a time. To deploy the ASP, the
AKANG can utilize one of its HC-130s, or request an Active Duty C-17s from the 517th or 249th
Airlift Squadron. The Air Force has specifically trained a C-17 crew to be able to airdrop the
ASP, an atypical mission for the C-17. The benefit of utilizing the C-17 is that it is significantly
faster than the HC-130 (cruise speed 450 knts vs. 290 knts). The cost is that the C-17 and crew
does not stand alert for SAR and could take up to four hours to be recalled and ready to respond
to the SAR case, mitigating some of the time savings generated by the quicker airspeed.
Between the hours of 0800 and 2400, the AKANG maintains a one-hour alert status to
support SAR operations throughout the state. Typically, they plan to be airborne within 30minutes. The alert assets and crew include one HH-60 and crew from the 210th, one HC-130 and
crew from the 211th, and four GA personnel and gear from the 212th. The alert status of the HH60 in Fairbanks depends on 11th Air Force (AF) flying operations, but typically operates on a
one-hour alert status only Monday to Friday. Outside of the typical alert window, a crew is
always on a three-hour alert status.
Figure 4.1, shown below maps out projected response times for AKANG HH-60 helicopters,
mapped on the left, and HC-130 fixed wing aircraft, mapped on the right, within the U.S. region
of Arctic SAR responsibility. Each aircraft is assumed to take off within 30 minutes of
notification, a typical time-to-takeoff. HH-60 aircraft are restricted to only being able to fly
through mountain passes, and are assumed to refuel off an HC-130 with no time delay82. Each
contour line represent one hour from initial notification.83
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Figure 4.1. AKANG HH-60 and C-130 Response Times in Arctic SAR Region

Looking at HH-60 helicopter response times, mapped on the left, having an aircraft in
Eielson greatly improves response times to the Arctic. With no weather delay, the Eielson-based
HH-60 can reach the north side of the Brooks Range in roughly three hours, and can reach the
North Pole in roughly 11 hours. This long flight to the North Pole, while technically feasible,
would require aerial refueling and an additional aircrew to support the mission. In this regard,
this map highlights the tremendous benefit of aerial refueling capability. With it, helicopters can
respond anywhere within the Arctic SAR Region without relying on ground-based infrastructure.
This dramatically improves response times as well as the range in which these aircraft can
respond. If the Eielson HH-60 crew cannot respond, response times increase by roughly two
hours for the Elmendorf HH-60 crews.
Looking at fixed wing HC-130 response times, mapped to the right, the faster aircraft
provides more rapid response times to the Arctic than the helicopters. The HC-130 can reach the
north side of the Brooks Range in roughly two hours, and reach the North Pole in five and a half
hours. The different between helicopter response times to the Arctic and HC-130 response times
to the Arctic highlights the need for the ASP: fixed wing aircraft can arrive much sooner than
helicopters, which are slower and often delayed by weather. To support the survivors in the
extreme Arctic environment, the ability to airdrop personnel and resources is essential. The
disparity between when helicopters can respond and when fixed wing aircraft is respond is
amplified by the Alaskan weather, which grounds helicopters far more frequently than it does C130 or C-17 aircraft.
The helicopter response times take into account the fact that helicopters can only cross the
mountains at certain mountain passes, but they do not take into account how winds, icing
conditions, and visibility can disrupt helicopter operations leading to much longer response
times. In this regard, these graphs should be looked at as “best case scenario” response times. In
practice, response times may be substantially longer. In both the design of the ASP and the
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clothing of F-22 pilots, the Air Force plans for it to take as much as 72 hours to coordinate rescue
in the Arctic.
Air Force Key Challenges for Arctic SAR
When examining the Arctic SAR problem set, RCC SMEs report that the biggest challenges
is that there is no formal requirement for the military to provide Civil SAR support in the Arctic,
which means all the RCC can do is ask organizations to respond on a non-reimbursement basis.84
USNORTHCOM serves as the SAR Coordinator responsible for Civil SAR in the state of
Alaska, and NORAD is responsible for the Air Sovereignty mission when AF fighter aircraft
intercept foreign aircraft flying close to the border. Both of these missions require PR support,
but neither organization has set a requirement or pledged any resources towards this mission
area. Instead, 11th Air Force funds the AKANG to provide SAR support for military training
around the state. USNORTHCOM and NORAD then receive a “free lunch” when AKANG
resources support one of their missions. This is a considerable challenge for the RCC because it
means they have no ability to task resources.
The lack of a military requirement for Civil SAR in the Arctic is important when considering
the Arctic Sustainment Package. Since the ASP is designed primarily for a non-military aviation
accident, and there is no military requirement for Civil SAR, there is no money available to fund
and sustain the package. The AKANG was able to utilize internal funds to construct one trial
version of the package, but without sustainment funding, this capability may not be available in
the future.
Other challenges include maintenance and infrastructure. The old HC-130 and HH-60 aircraft
are often off-line due to maintenance issues, which handcuff the AF’s ability to respond. The
lack of infrastructure on the North Slope makes it difficult to operate and sustain operations in
that environment. Hanger space is an issue, as is fuel availability. When Shell planned operations
out of Barrow, they rented the only available hangar space, which forced the Coast Guard to
relocate to Deadhorse Aviation Center in Prudhoe Bay. Arctic communities have a supply of
fuel, but this fuel is needed to sustain local communities, and it is not used for SAR support. The
lack of medical capability places greater emphasis on the medical prowess of the PJ’s paramedic
training, and greater emphasis on the ability to medivac personnel off the North Slope.
The RCC receives a high volume of false positive SAR reports. The COSPAS SARSAT
system monitors PLBs, ELTs, and EPIRBS, all of which can be activated accidently. The RCC
assumes distress until it can prove non-distress, but in the meantime must do the detective work
to determine if a SAR response is actually required. False distress signals waste valuable time
and resources.
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Lastly, while many organizations pledge their support for SAR, traditionally a galvanizing
mission set, mission execution can be less streamlined because every organization has different
constraints, operating procedures, operational capabilities. It becomes very difficult to quickly
integrate the assets and capabilities of a number of SAR organizations into a cohesive response
effort. And due to the non-traditional nature of SAR missions, which bring together organization
that do not traditionally collaborate, it is difficult to resolve road-blocks to collaboration ahead of
time. Volatile weather, long distances, and different communications systems add to these
challenges.

USCG SAR Capabilities
For the Coast Guard, SAR is one of its 11 statutory missions, which allows the Coast Guard
to maintain alert forces that are specifically trained and equipped for civil SAR. In terms of air
assets, the USCG maintains MH-60 Jayhawk helicopters and HC-130 fixed wing aircraft that
stand alert ready to respond. In addition, MH-65 Dolphin helicopters operate off the deck of
USCG cutters providing an additional aerial capability at sea. USCG air assets and capabilities
are depicted in Table 4.2 below:
Table 4.2. USCG Aviation SAR Assets
Location

Asset

Number

Capacity
(litters/ppl)

Response Radius
(nm)

Speed (knts)

Kotzebue FOL

MH-60

2

8/19

300

150

Air Station Kodiak

MH-60

2

4/8

200

130

Air Station Kodiak

HC-130

4

12/40

2500

290

Air Station Sitka

MH-60

2

4/12

300

130

USCGC Cutters

MH-65

10

2/4

145

148

Source: Interviews with USCG SMEs

The MH-60 Jayhawk is an extended range variant of the Air Force HH-60 with Maritime
SAR specific modification. It carries a rescue swimmer that can be lowered into the water, and
has hoist capability to rescue persons in distress. Unlike the AF version, the MH-60 does not
have refueling capability and is thus range limited. It cannot respond beyond 300 miles from
shore, and has to refuel at multiple airports when transiting to the North Slope, which greatly
lengthens response times. For cases beyond 300 miles from shore, the USCG would need to
request assistance from the AKANG HH-60s helicopters that have aerial refueling capability.
The USCG MH-60 helicopters in Alaska are based primarily out of Kodiak Air Station, but they
forward deploy to different locations throughout the year to support spikes in maritime activity.
Two MH-60s are also stationed at Sitka Air Station to support the high volume of maritime
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activity in the Southeast part of Alaska. Both the aircraft and aircrew in Kodiak and Sitka sit on a
24/7 30-minute alert status to respond to cases.
To provide SAR support for the Arctic, the USCG has been operating a North Slope Forward
Operating Location (FOL) with two MH-60s from July to October. In past years, they have
operated out of Prudhoe Bay, Barrow, and Kotzebue. Most recently, in 2016, they operated out
of Kotzebue. These aircraft and crew maintain a two-hour alert status, rather than a 30-minute
alert status because there are not enough forward deployed crews to support a more rapid alert
posture.
The Coast Guard’s HC-130s are based out of Kodiak, and provide support to SAR operations
across the state. They often serve as the mission commander, conduct medivacs, execute search
patterns, provide a communications relay, provide logistical support, and drop resources to ships
in distress. One air-droppable capability they maintain is self-inflating mass casualty rafts that
can hold 100+ people. Another is air-droppable pumps to help ships bail water. These HC-130s
do not have aerial refueling capability, however, and so cannot help extend the range of the MH60 aircraft.
The Coast Guard’s MH-65 aircraft provide SAR support from the deck of USCG cutters
operating throughout the state. These helicopters operate with a flight engineer and rescue
swimmer to be able to provide support in the water and hoist personnel as required. These shortrange helicopters do not have deicing capability, however, which makes them frequently unable
to operate in the Arctic.
Mapping USCG MH-60 response times within the Arctic SAR region is a challenge because
MH-60 helicopters do not have aerial refueling capability. This delays their response times and
limits the overall range in which they can respond. From a mapping standpoint, adding the need
to refuel at airports creates new geometries for the geographical range of cases to which USCG
helicopters can respond. For example, if a USCG helicopter is taking off and landing at the same
airport, then geographic area that represents the range of SAR cases that the helicopter can
respond to, without running out of fuel, is simply a circle, with the radius equal to half of the
range. However, if there is a SAR case outside of the helicopter’s response circle, and an airport
relatively close by, then the helicopter could respond to the SAR case and land at the nearby
airport without running out of fuel. Now the response geometry of this two-airport case has
changed. Rather than a circle, the range becomes an ellipse with the major axis equal to the
helicopter’s range and the two airports located at the two foci of the ellipse. This geography is
depicted in figure 4.2, shown below.
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Figure 4.2. Geography of USCG Response Ranges with Multiple Refueling Airports

Therefore, the geographic area within which USCG helicopters can respond without
refueling is the union of the circular response range (of the helicopter returning to its home
airport), and all the elliptical response ranges (of the helicopter executing the SAR case and
returning to a different airport). If the USCG helicopter needs to respond to a case outside the
circular-elliptical response range, then it needs to refuel at one of the outlying airports within its
original response range, and fly from there to the scene of the accident.
Response ranges from the refueling airport are similarly constrained with a circular-elliptical
geometry. Aggregating the ranges from multiple refueling airports determines the geographical
area that the helicopter can respond to with one refueling stop. However, there is overlap
between the refueling airport response range, and the home airport response range. Using the
home airport response range as the foundation, the additional range added by refueling is “tacked
on” to the home airport range to represent the range of cases that can be covered with one
refueling stop. Accurate accounting of SAR response times for cases within this region is equal
to the sum of: 1) the time to takeoff from the home airport; 2) the time to fly from the home
airport to the refueling airport; 3) the time to refuel, and; 4) the time to fly from the refueling
airport to the SAR case.
To aggregate overall USCG response times within the state of Alaska, I created the
appropriate circular-elliptical response ranges for all pertinent airports within the state, and
calculated the SAR response times within each region. To each of these response times I added
the time it would take a helicopter to leave from the home airport and arrive at that refueling
airport. This includes adding the original time-to-takeoff, the time to fly to the directly to the
refueling airports, and the time it takes to refuel at any stops in between. Based on interviews, the
time to takeoff was assumed to be 30 minutes for Sitka and Kodiak, and two hours for FOL
Kotzebue. The refueling time was assumed to be one hour, which, according to USCG SMEs, is
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a reasonable estimate, though the true value has considerable variance based on time of year,
time of day, and airport infrastructure. In some cases, there were multiple routes, or multiple
potential refueling spots, to arrive at an outlying airport. Since I am concerned with minimum
response times, I calculated which route was the quickest and selected that route.
Once I had accurate response times from refueling airports throughout the state, I mosaicked
the individual response times into one cohesive map. For any overlapping response time, I had
ArcGIS keep the minimum value to produce the correct map. The resulting maps, shown below
in Figure 4.3, depict overall USCG MH-60 response times within the U.S. Arctic SAR Region.
The map on the right depicts response times if aircraft originate at Sitka and Kodiak, while the
map on the left depicts response times if the USCG maintains two MH-60s at an FOL in
Kotzebue.
Figure 4.3. Improvement in USCG Arctic SAR Capability with Kotzebue FOL

From these maps, it is first important to note that USCG helicopters cannot respond to the
entire Arctic SAR region. The outlying areas—in the gulf of Alaska, the far end of the Aleutian
island chain, and the farthest north reaches of the Arctic—would require USCG maritime assets
or AKANG helicopters with aerial refueling capability.
The maps compare USCG SAR response times first without any Arctic presence, shown on
the left, and then with two MH-60s stationed at FOL Kotzebue, shown on the right. Without prestationed assets, USCG response times are very long with a minimum of roughly eight hours to
reach Barrow, as opposed to four hours with aircraft at FOL Kotzebue. Response times to the
eastern edge of Arctic Alaska, however, are not considerably longer than they are from
Kotzebue. This is because Kotzebue lies on the western edge of Alaska, and the MH-60s in
Kotzebue maintain a 2-hour alert status rather than the 30-minute alert status in Kodiak or Sitka.
One benefit of the Kotzebue FOL, however, is quicker response times to the Bering Strait,
Norton Sound, and the Chukchi Sea.
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Descending to the maritime environment, the Coast Guard’s fleet of ships provides important
SAR capabilities for marine vessels in distress. For the last few years as part of Arctic Shield, the
USCG has maintained a Flight Deck Enabled Cutter (FDEC) on patrol in the Arctic during the
ice-free portion of the summer. In addition, the USCGC Healy, a medium strength icebreaker,
typically operates in the Arctic pack ice during the summer in support of National Science
Foundation research objectives. The table below lists Coast Guard assets that operated in the
Arctic during the summer of 2015.
Table 4.3. Sample of USCG Arctic Maritime Assets and Capabilities

Organization

Length
(ft)

Speed
(knts)

Complement
(berths)

Comments

USCGC Healy

420

14 cruise
3 in ice

136

Medium strength icebreaker. Supports
NSF in Arctic.
2x MH-65 on board

USCGC Waesche

418

28

113

Supports Arctic Shield.
2x MH-65 on board

USCGC Alex Haley

283

18

104

“Bulldog of the Bering.”
2x MH-65 on board

Source: Technical information from USCG Data Sheets

From a SAR standpoint, maritime ships provide three things: 1) platforms; 2) capabilities,
and; 3) resources. The USCGC Waesche and USCGC Alex Haley would be the lead maritime
asset on-scene for any Arctic SAR case and responsible for providing these three services. As a
platform, the cutters can take evacuated personnel, can refuel MH-60s and other helicopters
operating in the area, and can serve as a storehouse for resources needed in the response. As a
source of capability, these cutters can utilize their MH-65 helicopters to provide assistance, send
a towline to help move vessels in distress, provide water cannons to help fight fires, use a crane
to move resources, and share general maritime expertise. In providing resources, a cutter can
provide pumps, food and water, lifeboats, and manpower to assist in a SAR case.
Response times for cutters in the Arctic are slow, given the tyrannical geography. Per USCG
policy, they maintain one cutter in the Bering, one in the Gulf of Alaska and North Pacific, and
one seasonally in the Arctic.85 Accurately mapping response times for USCG ships is an
impossible challenge because they are constantly moving, and because response times are
heavily dependent on weather, sea state, winds, among other factors. However, a map of
response times is useful for understanding roughly how long it would take ships to transit to
different locations in the Arctic. To do this I place the Bering Sea cutter near key fisheries, the
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Arctic cutter between the Beaufort and Chukchi Seas, and the Gulf of Alaska Cutter near
Kodiak, a major hub of fishing boats.
Based on these initial positions, Figure 4.4, shown below, depicts the predicted maritime
response times for USCGC cutters in Alaska. Each contour line represents four hours of response
time. These figures assume a summer operating state, where seasonal sea ice does not constrain
maritime operations. In reality, seasonal sea ice in the northern stretches of the Arctic region
would prevent all but the USCGC Healy, the medium strength icebreaker, from responding. This
is a limitation of these figures. The figure on the left displays response times with a cutter located
in the Arctic Ocean, and the figure on the right displays response times with no Arctic cutter.
Together, they show the value of having a seasonal presence in the Arctic Ocean.
Figure 4.4. Improvement in USCG Arctic SAR Capability with Cutter in Arctic

First, it is important to note that USCG ship response times in Alaska are very long. For the
Bering Sea cutter to reach the Bering Strait, for example, would take 24 hours. This means that
air assets would usually be significantly faster for responding to urgent need on the water.
Vessels provide important capabilities that air assets do not, however, and so these cutters
provide tremendous value even if they are slower to respond.
These two maps illustrate that maintaining a cutter in the Arctic leads to significant
improvements in response times. Without a cutter in the Arctic, the best-case scenario response
times are in the 1-3 day range. With one, response times may be less than 24 hours. While the
location of ships in the figure is arbitrary, and changing the position of these ships would alter
response times, the overarching point is that long response times from a ship coming from the
Bering brings great risk to vessels operating in the Arctic. Having a cutter on Arctic patrol
greatly reduces the risk.
One asset that is missing from these figures is the USCGC Healy. This asset could be very
important for responding to vessels locked in the pack ice, but with slow speeds through the pack
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ice response times could be over a week. As an estimate, if traveling at a constant three knots
through the pack ice, a typical speed through ice, the Healy would cover 580 miles in a week,
which is roughly half the distance from Barrow to the North Pole. With this kind of response
time, the Healy can provide important icebreaking capability eventually, but only if the vessel is
able to support itself in the interim.
Key Challenges for USCG Arctic SAR

The lack of infrastructure on the North Slope makes SAR operations difficult for aircraft and
marine vessels alike. On the aviation side, limited runways, hangar space, weather reporting
stations, ground radio repeater stations, and fuel supplies make sustaining operations in the
Arctic more difficult. The inability to aerial refuel makes USCG helicopters tethered to airports
and much more reliant on infrastructure than their USAF counterparts. Any maintenance issues
that arise are difficult to resolve because parts need to be flown in from Air Station Kodiak, 900
miles to the South. On the maritime side, a lack of a deepwater port means that vessels operating
in the Arctic need to return to Dutch Harbor to resupply. This long logistics burden makes it
more difficult to sustain operations and to respond quickly should there be an accident.
Communications is also a challenge. Helicopters often stray outside of very high frequency
(VHF) range and need to rely on HF communications which can be finicky in the Arctic. USCG
policy requires helicopters to update their position every 15 minutes. If they are unable to obtain
a signal and report their position, they have to return to base.86 Additionally, vessels often have
to reposition their ship to obtain the satellite connectivity required to communicate. This presents
a challenge in a SAR case where the need to communicate could inhibit the ability to respond.
Weather is also a perennial challenge for both maritime and aeronautical operations. Icing
conditions and poor visibility can prevent helicopters from responding. The MH-60 has a deicing
system that allows it to operate in light to moderate icing conditions, but the system gets
overwhelmed by severe icing conditions. For the MH-65 operating on the deck of USCG cutters,
the lack of a deicing system makes the aircraft frequently unable to respond. Aviators wear full
immersion suits to mitigate risk in the event of an accident, but these suits are bulky and they can
slow the work of the pilots, flight engineers, and rescue swimmers. Similarly, Coast Guard
policy dictates that, due to the cold Arctic waters, any aircraft going offshore for more than 40
minutes requires a second aircraft to follow so that, in the event of an accident, the people on
board can be rescued before they succumb to the cold Arctic waters. While this policy is safer, it
increases maintenance and logistics requirements, while reducing flexibility and operational
effectiveness.
For mariners, the presence of sea ice presents a challenge to USCG Cutters that cannot
handle these conditions (with the exception of the USCGC Healy). Also, having only one
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icebreaker in the Arctic creates a single point of failure where there are no U.S. assets available
to respond if there is a problem with the Healy. In that case, international assistance would be
required.
Lastly, funding is a persistent challenge for the USCG to maintain Arctic operations.
Forward deploying personnel and resources is very expensive, and has been sustained without an
established longer-term funding source. Because the Arctic has been a focal point of policy over
the last few years, the USCG has taxed itself to generate the funds to support Arctic Shield and
operate both helicopters and cutters north of the Arctic Circle. If the Arctic fades from
international attention, however, the funding may dry up and greatly limit USCG Arctic
operations.

Additional Partners for Arctic SAR
The urgency of the SAR mission set enables the AKRCC and JRCC to request assistance
from other organizations and greatly expand both the capability and capacity of SAR services
that can be provided. This is particularly important with Arctic SAR because neither the USAF
nor the USCG maintains a permanent presence above the Arctic Circle. The most important SAR
partners in the Arctic are the North Slope Borough Search and Rescue (NSBSAR) and
commercial operators that have been operating up there for decades, and can provide both a
quick response capability and regional expertise. Another important partner is the Army
USARAK Army Aviation Taskforce, which can provide army helicopters to boost both
capability and capacity for Arctic operations.
North Slope Borough Search and Rescue
The North Slope Borough Search and Rescue (NSBSAR) Department provides tremendous
SAR capability to the North Slope that would be invaluable for any Arctic SAR response.
NSBSAR maintains a SAR department to support native activity in the region. With minimal
transportation infrastructure, and the Alaska PLB program still in place, the NSBSAR is utilized
frequently for broken down snow machines or boats, and missing personnel. With very limited
medical capability on the North Slope, NSBSAR also serves as a key medivac link connecting ill
persons on the North Slope with a higher level of care at hospitals in Fairbanks and Anchorage.
The primary mission of NSBSAR is to provide SAR services for the Alaskan Natives that
live within the Borough; it is a service provided by the local government in support of its people.
It is not an Air Force or a Coast Guard asset to be relied upon in case of a military or larger civil
SAR accident. That being said, the RCCs can request assistance from NSBSAR, and that
assistance is often provided. Currently the demand for Arctic SAR is low and NSBSAR is
willing to assist, but if an uptick in cases occurs in the future, and these SAR missions interfere
with their primary mission their willingness to assist could change. NSBSAR maintains four
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types of aircraft to support their SAR operations. The capabilities of these aircraft are
summarized in Table 4.4, shown below.
Table 4.4. NSBSAR SAR Assets and Capabilities

Asset

Capacity
(litters/ppl)

Response Radius
(nm)

Speed (knts)

Comment

Bell 412

4/10

200

130

No offshore, hoist, or de-icing
capability

S-92

8/19

300

150

Acquiring two in 2016/17 Adds
offshore, hoist capability

Lear Jet 31A

2/8

--

450

Fast medivac aircraft

King Air B-200

2/10

--

290

Medivac aircraft, can land on
gravel runways

These assets are on a 24/7 alert posture with the goal of being airborne within 30 minutes.87
Currently, the Bell 412 helicopters are limited in the coverage that they can provide because they
do not have deicing or hoist capability, and are not certified to fly off-shore. In response to this
capability gap, the NSBSAR is acquiring two new S-92 helicopters. The first is schedule to
arrive in the summer of 2016, and the second in the summer of 2017. The addition of these S-92
helicopters, larger and more capable than USAF or USCG helicopters, would greatly improve
NSBSAR’s Arctic capabilities, and consequently U.S. Arctic SAR capability.
Figure 4.5, shown below, outlines NSBSAR helicopter response times currently with the Bell
412s, and in the future with the planned S-92. Each contour line represents half-an-hour of time.
Similar to the USCG response time maps, these assume a circular-elliptical response range where
helicopters from Barrow can execute a SAR case and land in either Kotzebue or Prudhoe Bay to
refuel before returning to Barrow. I also assume that: 1) these assets remain in the Arctic and do
not travel to the Southern Part of the state, and; 2) each aircraft would be airborne in 30 minutes.
Collectively, these maps depict the improvements in response time and SAR coverage by
replacing the Bell 412 helicopters with the new S-92 helicopters.
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Figure 4.5. Improvement in NSBSAR Arctic Capabilities with Acquisition of S-92 Aircraft

The planned acquisition of two S-92 helicopters will substantially improve Arctic SAR
capability on the North Slope. The S-92s can go offshore enabling NSBSAR to assist mariners.
In addition, the extended range and quicker speed enable the S-92 to cover more territory and do
so more quickly than the Bell 412. Other capability improvements not captured in the figure are
deicing capability and hoist capability. Deicing capability will enable NSBSAR to respond to a
greater percentage of cases than it currently can with the Bell 412, and hoist capability will
enable the NSBSAR to rescue mariners from the water and mountains where landing is not an
option.
In addition to the NSBSAR aerial capabilities, each of the eight Alaskan Native villages
maintains a group of Volunteer SAR personnel who stand alert and can be utilized to augment
NSBSAR capability. The personnel are mostly Arctic Natives, many of who have intimate
understanding of the region’s geography and environment gained through years of experience
hunting and fishing in the region.88 They are outfit with snow machines, ATVs, and small boats
to respond to cases. NSBSAR tries to utilize the Volunteer SAR personnel for cases within 30
miles of the villages, and have air assets to respond to more remote cases. Once on-scene, these
volunteers are limited in their ability to provide medical care, but they can rescue isolated
personnel and provide them survival resources. With air assets frequently grounded due to
weather, these Volunteer SAR personnel are often the first responders to Arctic SAR cases.
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Key Challenges

Key challenges include weather, personnel, and training89. In terms of weather, icing
conditions shut down Bell 412 helicopter operations an estimated 25% of the time.90 This
percentage should decrease with the acquisition of the S-92s, but will remain an issue. With
limited weather forecasting, the ability to mission plan is limited and pilots often have to make
go/no-go determinations in flight. The NSBSAR also has greater limitation on the weather
conditions in which they operate. Being a civilian organization, they must adhere to Federal
Aviation Administration (FAA) minimum weather operating conditions, and cannot fly below
these limits, even to save life or limb. New FAA regulations for Helicopter Emergency Medical
Services have become more conservative: in order to fly during the day, visibility needs to be at
least half a mile, and it needs to be at least a mile in order to fly at night. While these regulations
ostensibly make helicopter operations safer, the inflexibility of these conditions limits the
number of cases to which NSBSAR can respond.
In terms of personnel, hiring and maintaining personnel with the technical expertise required
is difficult. Few Native Alaskans pursue the educational paths to obtain the technical expertise
required for these jobs, and few of the people with the technical expertise wish to live in such a
remote part of the state. Additionally, NSBSAR only maintains the personnel to respond to one
case at a time; if a medivac takes the alert crew to Fairbanks, there is no one available to fly the
helicopter should another case arise. Since many workers commute to-and-from Barrow, there is
often no additional personnel that can be recalled if they are needed for larger operations. The
lack of personnel also prevents pilots and maintainers from specializing on one specific aircraft.
All pilots and maintainers need to maintain qualifications and competence flying and
maintaining both helicopters and fixed wing aircraft,91 a considerable challenge that adds risk to
their SAR operations.
In terms of training, keeping pilots current on all aircraft with and without NVGs creates a
continual challenge for the organization. These challenges should only increase with the
acquisition of S-92 aircraft, where pilots will be required to maintain currency and competency
in another platform. This is also a challenge for maintenance workers, who are tasked with being
able to understand and fix two different fixed wing aircraft and two different helicopters.
Looking to the future, NSBSAR intends to phase out the Bell 412 in favor of the S-92, but there
will be a challenging period of overlap for the next 5-10 years.
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Having a pilot fly multiple aircraft is something the Air Force would never authorize. Even in test pilot
communities, where pilots are qualified to fly multiple aircraft, pilots only stay current and fly one aircraft at a time
to reduce the risk of flying operations.
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USARAK Aviation Task Force and Army Guard
The large Army presence in Alaska, both Active Duty and National Guard, creates
substantial capability and capacity that can be utilized for SAR.92 The United States Army
Alaska (USARAK) maintains air assets within the USARAK Aviation Task Force (UATF),
which has two aviation regiments (1st Battalion, 52nd Aviation Regiment (1-52) and the 1st
Battalion, 25th Aviation Regiment (1-25)). Additionally, the Army National Guard maintains a
number of Blackhawk helicopters located in Juneau, Anchorage, Bethel and Nome. The table
below summarizes Army air assets that could be requested for SAR operations.
Table 4.5. Army Aviation Assets that could provide Arctic SAR Support

Organization

Asset

Number

Capacity
(litters/ppl)

Response Radius
(nm)

Speed (knts)

UATF 1-52 Aviation
Regiment

CH-47

12

16/70

115/Unl.

110

UATF 1-52 Aviation
Regiment

UH-60

23

4/12

300

130

UATF 1-25 Aviation
Regiment

Gray Eagle
8
Unmanned Aircraft
System (UAS)

--

30 hrs endurance

150

4/12

250

130

AK Army National Guard UH-60

18

The CH-47 Chinook aircraft provide important capability and capacity that is not available
elsewhere within the state. CH-47s, which are heavy lift helicopters, can transport large numbers
of personnel and resource to and from a SAR incident. According to one CH-47 SME, if the
seats are removed the aircraft can fit as many as 70 people. Additionally, CH-47s can provide
remote refueling points (known as forward arming and refueling points, FARPs) that can be used
to extend the range of other helicopters and themselves.
The UH-60 Blackhawks provide useful additional capacities that could be utilized for a SAR
case. These assets include a Medical Company that was recently stationed back in Alaska and
stands on a 30-minute alert status to respond to any Army training accidents that may occur.
Because of their alert status, these assets are often requested by the RCC for incidents near
Fairbanks. Additionally, with so many aircraft available, these resources can provide a great flexcapacity for larger SAR cases.
The Gray Eagle unmanned aerial vehicles (UAVs) are a new capability that has potential to
improve SAR capability. It is yet to be determined how this asset could be utilized to support
SAR operations, and integrated within the larger SAR effort, but the long-endurance
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reconnaissance aircraft could be a very useful asset. It could providing up-to-date intelligence to
the RCC, and search territory that an HC-130 or other manned aircraft would otherwise have to
search. One limitation is that these aircraft require line-of-site command and control, and so
cannot be utilized on a quick response basis for Arctic operations. Instead, they would need to be
transported separately to the Arctic with their aircrew, and deployed from there.
The UH-60 Blackhawk helicopters from the Army National Guard provide useful capability
and capacity, particularly on the Western side of the state. With 18 aircraft dispersed among four
locations, AKARNG UH-60s can provide additional capacity if needed, and quicker response
times to the Western side of Alaska where there is a dearth of DoD/DHS infrastructure. In this
regard, UH-60s in Nome and Bethel are a greatly relied on asset for SAR. These assets do not
stand alert for SAR, however, and may need up to four hours to be recalled and ready to respond.
The Army maintains additional Arctic expertise within the Cold Regions Training Center and
the Northern Warfare Training Center, which provide expertise for ground operations in the
Arctic. These units can provide geographic and environmental expertise to support SAR
operations. In addition, the Army National Guard recently opened a 40-man training facility in
Barrow, which provides an infrastructure resource that could be utilized to support SAR
operations. This facility could provide a base of operations for DoD and DHS SAR responders
operating on the North Slope.
Commercial Entities on the North Slope
The assets and regional expertise of commercial operators on the North Slope could be very
useful in supporting Arctic SAR. With a North Slope presence, these commercial entities do not
need to transit to the North Slope and can provide quicker response times and better regional
expertise than most Federal entities93.
In Prudhoe Bay, Era Helicopters and commercial medivac companies can augment SAR air
assets. In 2015, Era Helicopters participated in a USCG Arctic SAR exercise where they flew an
AgustaWestland139 helicopter alongside a USCG MH-60 helicopter. Also participating was the
USCGC Healy, and a UAV.94 This SAR exercise was simply to test future capabilities, however,
rather than exercise with the existing assets. The existing assets that Era Helicopters maintains
to support oilfield operations are Bell 212 helicopters, which are significantly less capable than
the AW139. While this asset can be requested, it has a short range and a relatively small
capacity. For fixed wing aircraft, ConocoPhillips maintains a 15-passenger Twin Otter and an
18-passanger CASA 212 aircraft, which can conduct medivacs and can land on ice strips.
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Guardian Medical Evacuation and Life Flight are commercial entities that also have presence on
the North Slope. Collectively, these assets and their experienced operators could provide
valuable assets to assist in a SAR response.
Crowley Marine and Alaska Clean Seas are two other organizations that can provide, and
have provided, Arctic capability and expertise. Crowley Marine has 60 years of experience
operating in the Arctic providing fuel resupplies of local communities, and other required
maritime transport missions. They have assets on the North Slope and a wealth of Arctic
operational expertise that would be invaluable to DoD/DHS personnel unfamiliar to the region.
Alaska Clean Seas is an oil-spill response organization on the North Slope that maintains a range
of assets and resources to clean up oilfield accidents. They have experience operating within the
full spectrum of Arctic environmental conditions, and the assets to do so.
Additional traffic into the Arctic, in addition to potentially levying a demand on the SAR
system, also increases the number of available resources that can be utilized to respond to SAR
Cases. For example, when Shell conducted exploratory drilling in the summer of 2015, their
arsenal of assets included two S-92 helicopters and an icebreaker. These capabilities, while
intended to support Shell’s operations, were the most capable assets in the region and could have
been requested by the RCCs for SAR support, should an incident have occurred. In fact, on one
occasion the NSBSAR requested Shell assets to respond to one of their cases when icing
conditions prevented their Bell 412 helicopter from responding. Shell provided the assets and
successfully executed the mission. Here, growing demand also brings growing supply of assets
and personnel that could assist in SAR cases.
International Collaboration
International collaboration for Arctic Search and Rescue is a key tenet of the 2011 Arctic
SAR Agreement, and enables additional assets and capabilities to be brought to bear for SAR
events. The Agreement sets the framework by which one nation can request SAR support from
other nations, whose SAR responders can cross borders to provide SAR support on a nonreimbursement basis. For the U.S., the mostly likely SAR partners in the Arctic are Canada and
Russia.
The U.S. and Canada have a close SAR relationship and readily cooperate on challenging
aeronautical and maritime cases.95 Two historical examples of SAR collaboration are a Canadian
cutter supporting the evacuation of the Prinsendam Cruise ship in the Gulf of Alaska in 1980,
and USAF HH-60 Pavehawk helicopters rescuing personnel from Box-Top 22, a crashed C-130
in Northern Canada, in 1991. In both cases, an established relationship between the RCCs and
Memorandums of Agreement between the two nations enabled rapid international SAR support.
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For operating in the Arctic environment, Canada maintains many SAR resources that the
U.S. lacks. Canada maintains air droppable major air disaster (MAJAID) kits to support up to
320 people (these are interchangeable with the ASP, but with much greater capacity).
Additionally, Twin Otters stationed in Yellowknife provide an extended range aircraft that can
land on the pack ice. Lastly, icebreakers operating on the Mackenzie River provide additional
capability relatively close to the U.S. Arctic and could provide assistance to fill gaps in U.S.
capabilities.
Looking to the other neighbor, Russia maintains impressive Arctic SAR capabilities that
could ostensibly, be provided to assist a U.S. SAR response. The U.S.-Russia relationship is
substantially more complicated that the U.S.-Canada relationship, however, which could work to
disrupt Arctic SAR cooperation. From interviews with USCG SMEs, cooperation at the
operational level occurs regularly along the economic exclusive zone (EEZ) boundary and is
fairly seamless, but the relationship becomes more complicated at the strategic level. This can be
seen by Russia’s lack of participation in Arctic Zephyr or the Northwest Passage Exercise, both
exercises where SMEs from other Arctic nations (Canada, Denmark, Norway, Sweden, Finland
and Iceland) participated. Assuming Russia would collaborate, as they did in December of 2015
when the Oryang 501 fishing vessel sank, they could provide useful aeronautical and maritime
assets.96 Another recent example of U.S. collaboration with Russia occurred in 2012.97 A storm
prevented a fuel barge from resupplying of Nome, Alaska, before approaching sea ice blocked
off the route for the winter. With no capable fuel barge in the vicinity, the U.S. requested
assistance from the Russians who provided a fuel tanker with emergency fuel. The USCGC
Healy broke a path for the Russian tanker, which was able to resupply Nome successfully before
winter set in.
In an effort to bolster the Northern Sea Route, Russia is setting up 10 maritime SAR stations
along their Arctic coastline to provide SAR services for vessels transiting their waters. The
closest maritime SAR stations to the U.S. Arctic are at Port Provideniya and Port Pevek, along
the eastern coast of Siberia. In addition to these SAR resources, Russia’s large fleet of
icebreakers, including six nuclear power icebreakers, offer an asset for which the U.S. has a
deficiency. In both these cases additional assets could augment U.S. and Canadian capability, but
the response times may be lengthy due to both inherently long geographic distances, and an
inherently complex governmental process required to coordinate with the Russians.
All in all, if the need exists, substantial capability and capacity could be provided for a SAR
case with contributions from NSBSAR, the Army, commercial entities and international partners.
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When considering larger SAR cases in the Arctic, these partners become critical to the success of
any SAR operation.

Role of Satellite Technology in Improving SAR Supply
Overcoming information challenges, as well as capability challenges, is vital to achieving
SAR mission success. Improving satellite systems, communications infrastructure, and remote
sensing technology are greatly improving SAR responders ability to rapidly acquire and
communicate accurate information on emerging SAR cases in the Arctic region.
COSPAS-SARSAT System Upgrades
The COSPAS-SARSAT system, which has proven its Arctic capabilities through the Alaska
PLB Program, is being modernized. In its current state, the GEOSAR system is limited in its
ability to detect distress in the Arctic, and the LEOSAR system is delayed in its reporting of
distress. To address these deficiencies, the system is being outfit with medium Earth orbit (MEO)
satellites, which will improve Arctic capabilities.98 MEO satellites provide more accurate
geolocation capability, more rapid detection and relay of emergency beacon signals, and
redundancy to make the system more robust. This system is in its initial operating capability
phase, with plans to be fully operational by 2019. For Arctic SAR, the introduction of the
medium Earth orbit search and rescue (MEOSAR) system has profound implications. When
implemented, the MEOSAR will provide more accurate and immediate notification of distress,
which will in turn enable SAR responders to be more swift and exacting in their response.
Civil and Military Satellite Communications Satellites
Modifications to the Iridium constellation, a commercial satellite communications provider,
and the Mobile User Objective System (MUOS), a Navy satellite system, have improved the
ability to communicate in the Arctic. Iridium is a commercial mobile voice and data satellite
communications network that provides global coverage with 66 low Earth orbit (LEO) satellites.
Currently, Iridium is preparing to launch its second generation of satellites, Iridium Next to be
launched in 2016 and 2017. Iridium Next will provide 66 new satellites that enable substantially
higher data transmission rates than the current system.99 As a sign of changes in the space
industry, these satellites will launch aboard a SpaceX rocket, a commercial provider rather than a
defense contractor or government provider. This improvement will enable greater data and voice
communication for SAR responders in the Arctic.
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For the military, the Navy’s MUOS provides a secure satellite constellation with polar
coverage to support military operations. The five-satellite system exists in GEO orbit, with the
last satellite being launched in June 2016. While the system was not designed to provide polar
coverage, and was only required to operate up to 65O N, initial testing of the system found that
technology improvements enable it to provide communications support to the Arctic, with
successful tests at up to 89.5O N100. This unplanned capability enables MUOS to support military
operation in the Arctic.
Vessel and Aircraft Tracking
Upgrades to tracking systems, for vessels and aircraft, have greatly improved the domain
awareness of SAR responders. In the maritime environment, this enables the RCC to see what
ships are in the immediate area of a distressed vessel, and reach out to request assistance. For
aviators, this enables more accurate and rapid tracking of aircraft and location of plane crashes.
Currently, the Coast Guard has three vessel tracking systems. The first two, the Automatic
Identification System (AIS) and the Long Range Identification and Tracking (LRIT) system,
provide the Coast Guard with a comprehensive map of all ships within their area of operations.
AIS operates with ground stations that collect signals from ships within its line-of-sight (or
within line-of-sight of other ships that are within its line-of-sight).101 For ships farther off the
coast, the LRIT system uses satellites to track vessel position. The Marine Exchange of Alaska
integrates this data and provides it to the Coast Guard in one comprehensive map. The third
system is the Automated Mutual-Assistance Vessel Rescue (AMVER) system, which allows the
Coast Guard to reach out to registered ships and request assistance on SAR cases. Collectively,
these three systems enable the Coast Guard to understand operations in their region, mitigate risk
as it arises, and request Good Samaritan assistance for SAR cases.
System improvements have, and will continue to, improve Arctic tracking capabilities. For
one, the upgraded Iridium Satellite system, which supports the LRIT system and much of the
satellite communications in the Arctic, will improve USCG’s ability to track ships and reach out
to request support. Additionally, new AIS sites and weather stations (the Marine Exchange
currently has 121 AIS receiving sites and 31 weather stations) have improved the systems overall
capability.102 The Marine Exchange is also looking at ways to transmit information to ships. This
could allow them to transmit virtual aids to navigation, weather and ice forecasts, locations of
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hunters, and information vessels in distress. These improvements work to better utilize the
available information, enhancing decision-making and mitigating risk.
For aircraft, Automatic Dependent Surveillance-Broadcast (ADS-B) enables the two-way
communication between aircraft and ground operators to improve situational awareness.103 ADSB Out allows the aircraft to transmit its GPS location, airspeed, and other data to Air Traffic
Control. ADS-B In allows pilots to receive weather and traffic position information to the
cockpit. Together they help prevent aircraft accident by improving information awareness for
both pilots and ATC, and the enable the location of aircraft should an accident occur.
Traditionally, ADS-B relied on ground stations rather than satellites to transmit messages,
and accordingly, did not have global coverage. ADS-B now relies on the Iridium satellite
constellation giving it global coverage. Following the disappearance of Malaysian Airlines Flight
370, ICAO announced new standards requiring planes to send position reports at least every 15
minutes, with one-minute reports if the plane is in distress or experiencing abnormal flying
conditions. The timeline for implementation is November 2016 for 15-minute reports, and 2021
for one-minute reports. Implementation of this policy change will enable near real-time tracking
of aircraft, and better information on distressed aircraft. In this sense, ADS-B can provide
redundancy with the COSPAS-SARAT system in locating downed aircraft.
Improvements in domain awareness enables rising risk to be identified and mitigated, and
enables SAR organizations to respond more effectively to cases that cannot be prevented.
Intelligence and Weather Forecasting
Expanding space assets have led to a proliferation of weather and environmental information
that can support SAR operations. As one example, Shell used data collected by NOAA’s polarorbiting weather satellites to stand up a 24/7 meteorological center that provided weather
forecasts in support of their operations. As another, the search for the missing MH-370 aircraft
utilized global satellite imagery provided by the International Charter “Space and Major
Disasters” which allows collaborative sharing the space data to support “natural or technological
disasters.”104 In both cases, previously unavailable information was used to improve decisionmaking in remote environments.
Within the government, SAR responders can reach out to other government agencies to
request assistance with intelligence and weather forecasting. For weather, NOAA’s Alaska
Aviation Weather Unit (AAWU) and National Ice Center (NIC) take advantage of the most upto-date satellite information to make assessments on the weather and sea ice state in the Arctic.
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For intelligence, the RCCs can reach back into the intelligence community (IC) to request
support. The National Geospatial Agency (NGA), in particular, can provide useful intelligence
analysis of satellite imagery that may be collected of the crash site. While the required
capabilities and policy frameworks for collaboration exist,105 the intelligence pathway from the
IC to the RCC is a rarely utilized one and it is unknown whether this connection could be
established in time to support SAR operations.
Future Commercial Satellite Solutions
Technological improvements have reduced the costs of developing and launching satellite
technology, which has led to a rapid growth in the commercial space industry. On the technology
side, the reduction in chip size and the increase in processing power predicted by Moore’s law
have enable satellite to shirk while maintaining or improving capabilities. Smaller satellites have
led to a reduction in launch costs by enabling multiple satellites to fit on each launch vehicle.106
Additionally, increasing numbers of smaller satellites have led to commercial off-the-shelf
(COTS) parts that have further reduced development and deployment costs. These cost
reductions have greatly reduced the barrier to entry for deploying commercial space solutions.
At the same time, the rise in the demand for internet for commerce has led companies like
Google and Facebook to find new and innovative ways to provide internet connectivity to
communities around the world.107 One long sought after solution to this challenge is to provide
global internet with a large LEO satellite constellation. Companies like OneWeb, SpaceX,
Google’s Project Loon, and Facebook’s Aquila have all sought to provide global internet
coverage. Roadblocks remain with soaring costs and limited space available in LEO orbit, but
should one of these projects be a future success, satellite-based internet communications could be
utilized by SAR responders in the Arctic.
In sum, improvements in satellite technology have provided a sizable boost in beacon
detection, ship and aircraft tracking, communications, and weather data to make SAR responders
more effective Arctic operators. These technological changes have occurred largely outside the
government and largely without any investment from SAR organizations, beside that required to
interface with new communications solutions. In this regard, the U.S. SAR Systems ability to
supply SAR in the Arctic has improved in the last decade without additional investment in SAR
assets or personnel. The challenge going forward, is to keep communications systems up to date
with improving technology solutions, and encourage partner SAR organizations to do the same.
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Summary
Taking into account federal, state, and local SAR capabilities, the U.S. SAR system has a
substantial supply of resources that could be utilized in responding to Arctic SAR incidents. The
Air Force’s aerial refueling helicopters, GA personnel, and ASP enable rapid projection of SAR
forces into the Arctic. The Coast Guard’s seasonal presence, including cutters and two MH-60
aircraft, brings highly capable SAR assets into the region during the seasonal spike in activity.
Requesting assistance from other organizations, the NSBSAR provides an important quick
response capability, and the acquisition of two S-92 helicopters will dramatically improve SAR
capabilities on the North Slope. In addition, the UATF provides useful capability with the
FARPs, and useful capacity with additional medium and heavy-lift aircraft.
Beyond SAR assets, improvements in satellite technology are enabling the SAR system to be
more effecting in the Arctic by solving key information challenges. Improvements in the
COSPAS-SARSAT system reduce the time lag in responding to distress beacons and enable
Arctic coverage of embedded GPS signals. Satellite tracking of ships and aircraft helps SAR
responders rapidly locate the distressed vessels and downed aircraft, and enables the Coast Guard
to request assistance from Good Samaritan vessels in the vicinity. Communications solutions are
improving Arctic capabilities, and commercial space solutions may improve capabilities even
further. The natural arc of technology development for non-SAR purposes is providing a boost in
the SAR system’s ability to solve its information challenges without additional investment in
assets or personnel. In essence, the “search” is becoming much easier.
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Chapter Five: Arctic SAR Scenario Analysis

This chapter connects the future demand signal for SAR in the Arctic with the capabilities
arrayed against it. I use three different Arctic SAR scenarios to stress the SAR system’s ability to
respond effectively, and to evaluate how prepared the U.S. is for the Arctic SAR mission set. In
this evaluation, I identify the key challenges of the Arctic SAR mission set.
These scenarios are not predictive of the future, but represent a plausible range of
challenging Arctic SAR cases to which the U.S. SAR system may be tasked to respond. The goal
of these scenarios is to stress the SAR system to failure and understand what the failure points
are. Between the three scenarios, I test the SAR system against a range of environmental
conditions, with each scenario involving a different location, time of year, weather, urgency, and
number of people. Doing this provides a broader perspective on Arctic capabilities. The three
scenarios that I evaluate are:
(1) Military personnel recovery scenario involving an F-22 ejection
(2) Aeronautical SAR scenario involving an airline crash on the Arctic sea ice
(3) Maritime SAR scenario involving a cruise ship that hits strikes sea ice and is forced
to evacuate
For each scenario, I project how the SAR system would perform four different phases of the
rescue: report, locate, support, and recover. For the recovery phase, I construct a realistic
timeline for the overall rescue mission. In addition, I analyze potential failure points to identify
vulnerability within the U.S. Arctic SAR system. Collectively, this analysis is used to identify
key challenges—existing across the three scenarios—that serve as the basis for developing
policy recommendations.

Scenario Selection and Development
Each scenario contains two parts: 1) the trigger event that sparks the need for a SAR
response, and; 2) the conditions that challenge and shape the SAR response. I developed the
scenarios by first selecting a representative range of potential SAR events, and then populating
the details of these events with situational and operational challenges.
Scenario Selection
In devising scenarios, my goal is to cover the range of different types of SAR missions that
the U.S. may be responsible for (military, aeronautical, maritime), and for each, select the
scenario that would provide the greatest stress on the SAR system. Beginning with military SAR,
based on the potential sources of military activity from the Chapter Three, an F-22 crash would
be the most stressing scenario because of the need for a quick response to provide support before
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the pilot succumbs to exposure. Continuing with aeronautical SAR, based on the three different
types of aviation in the U.S. Arctic, the crash of an airliner on a transpolar flight would be the
most stressing due to the likelihood of serious injuries and a long distance to the crash site.
Finishing with maritime SAR, based on the many sources of maritime activity, the most stressing
scenario would be a cruise ship evacuation due to the large numbers of passengers involved.
With the three scenarios selected, the next step is to develop the details of each scenario to cover
a range of environmental variables.
Scenario Development
Given the three selected scenarios, I populated each scenario with situational variables that
cover a range of possible conditions SAR responders would have to face. Situational challenges
include weather, location, time of year, time of day, number of people, and ground conditions.
The table below summarizes the situational variables chosen for all three scenarios.
Table 5.1. Situational Challenges Chosen to Fully Develop Scenarios
Challenge

F-22 Ejection

Transpolar Flight

Cruise Ship Evacuation

Weather

Identify weather conditions that push SAR system to failure

Location

18 miles offshore NW
Wainwright

330 miles NE of
Barrow

100 miles N Kaktovik

Time of Year/Day

April, Day/Night

Jan, Night

Sept, Day/Night

Number of People

1

400

1500

Surface Conditions

Water/Ice

Ice

Water/ice

I do not dictate the weather for each scenario, but instead identify which weather conditions
would disrupt the SAR response and estimate how often these conditions occur. The other
variables were chosen to provide an expansive range of possible conditions. For instance, the
three scenarios occur at three different times of year (Winter, Spring, Summer) to provide a
range of weather and climatic conditions with which to contend. For other variables, like
“ground conditions”, the chosen values were the most probable input due to the selected location,
event, and time of year. For example, a pilot that ejects offshore in April would likely descend
over an icepack that is thawing and breaking up, leading to surface conditions that could feature
sea ice and/or sections of open water.
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Military SAR Scenario Analysis
Scenario
On April 15th, 2017, two F-22s and one KC-135 are scrambled to identify and intercept
aircraft flying towards the U.S. ADIZ northwest of Barrow, Alaska. The F-22 pilots fly north and
intercept two Russian Tu-95 bombers 50 miles off the coast of Alaska. As they are returning to
base, a “chafed” electrical wire in one of the planes sparks an internal fire that damages the flight
control system.108 The pilot follows his emergency procedures but is unable to maintain control
of the aircraft. The pilot radios his wingman informing him of the emergency and then ejects.
The time is 1730 and his position at the time of ejection is 162°56'0"W, 70°22'0"N. Figure 5.1,
shown below, depicts the location of the F-22 pilot with distances to SAR assets.
Figure 5.1. Location and Distances of Military SAR Scenario

The pilot ejects roughly 18 miles off the coast of Alaska. The closest community is the
village of Wainwright, which lies 68 miles to the East. The closest SAR resources are in Barrow,
and the larger SAR hubs of Anchorage and Fairbanks are 730 and 550 miles away, respectively.
After ejecting, the pilot could land either on sea ice or in open water. At this time of year, the sea
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ice off the coast of Northern Alaska breaks up with the warming spring weather, which means
that that the pilot could land in water or on ice.109
Analysis
The full analysis of this scenario can be found in Appendix D. The analysis is informed by
interviews with SMEs from the AKRCC that focused on the response to this scenario.110 From
their input, the general structure of the SAR response entails: 1) locating and communicating
with the downed pilot; 2) placing an asset on scene as quickly as possible, and; 3) medevacking
the pilot off the North Slope.
The analysis steps through all the details of the SAR response, beginning with the “report”
stage, moving to the “locate” and “support” stages, and finishing with the “recovery” operation.
The analysis constructs a realistic timeline for the response, and examines how likely it is for
different weather conditions to disrupt the response. Overall, this analysis addresses how
prepared the U.S. is to handle a Military SAR scenario in the Arctic. This chapter picks up from
the end of the analysis by highlighting the potential failure points that could prevent operational
success.
Potential Failure Points
Weather disrupts helicopter operations and airdrop

Icing conditions present the largest threat to the SAR response by preventing helicopters
from responding. The airdrop of support personnel and resources could also be delayed or
disrupted due to high winds or a low ceiling. Both of these failure points could delay the
response and lead to the loss of life or limb.
Pilot survival time

One critical failure point is the survival time of the pilot in these harsh environmental
conditions. If the pilot is uninjured and able to use his survival kit, his chances of survival greatly
increase. If he is incapacitated and unable to help himself, then the chances of rescue units
arriving in time greatly decrease. Survival times in any Arctic environment are lower than they
would be in a warmer climate, and they are dangerously low if the pilot is submerged in water.
The figure below shows estimated immersed survival times as a function of clothing and water
temperature.111
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Figure 5.2. Cold Water Survival Times as a Function of Clothing

Per Air Force Policy,112 F-22 pilots have to wear specific clothing depending on the ground
temperature of the place they are flying. If flying over water, pilots also are required to wear
anti-exposure on top of their articles of clothing. The policy document states that these gear
requirements are set so pilots can survive for 8 hours if incapacitated, and 72 if they are fully
capable and can utilize their survival gear. The 72-hour mark reflects the assumption that SAR
forces can be substantially delayed by weather, and pilots need to be able to support themselves
if required. Based on the figure above, and assuming a water temperature of 0 oC near the ice, if
the pilot wears an insulated suit with dry clothing the expected survival time in the water is
roughly 5.5 hours. This buys enough time for both NSBSAR and AKANG SAR responders to
arrive if they are not delayed. However, weather is often the true enemy, and could easily delay
response times well past the 5.5-hour mark. Additionally, any medical injuries sustained during
the ejection or tears to the exposure suit could shorten survival times below the 5.5-hour
window, which would necessitate a quicker response time.
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Reliance on NSBSAR for quick response

As discussed in the paragraph above, with shortened survival times in the Arctic and longer
response times of AKANG helicopters coming from south of the Brooks Range, the survival of
the pilot may hinge on the quick response capability of the NSBSAR S-92s. Put differently, the
USAF would be reliant on an asset over which it has no control. If NSBSAR assets are down for
maintenance, unavailable due to personnel or already responding to another case, then they may
not be able to respond. Additionally, hoisting personnel off the pack ice is an abnormal mission
for the NSBSAR, which creates additional risk and presents a potential failure point.
Lack of medical services on North Slope

The lack of medical services on the North Slope presents an additional risk to the life of the
downed F-22 pilot. For one, any injuries sustained during the ejection would likely be
exacerbated by multiple hours of exposure to the Arctic environment. Also, while Air Force PJs
can provide emergency medical care, the extreme Arctic environment may substantially
handicap their medical capabilities. Lastly, the additional medivac to Fairbanks stretches the
pilot’s time to receive medical care by another two hours, potentially threatening life or limb.
Samuel Stephens Hospital in Barrow is an option to provide more rapid medical care, but the
hospital lacks surgical capacity, which limits the amount of care that could be provided.
Coordination with 11th AF, NSBSAR

Mission success requires coordination with the active duty Air Force and the North Slope
Borough. Any delay or miscommunication between organizations could disrupt the speed and
efficacy of the SAR response. With the NSBSAR, there is no direct line of communication from
the RCC to the pilots of NSBSAR aircraft. Instead, the RCC would have to communicate
through the NSBSAR SAR Controller who would pass updates back and forth. The relationship
between the RCC and 11th AF is more robust, both being Air Force organizations, but additional
communication links inherently create coordination challenges.
Assessment of Preparedness
Overall, the U.S. is capable of handling personnel recovery missions in the Arctic, but
significant challenges could lead to mission failure. The ability to utilize the quick response
capability of the NSBSAR S-92 greatly improves U.S. capability for military SAR. Air Force
resources are capable of conducting the missions, but are vulnerable to bad weather and may not
arrive in time to support the pilot. An ejected pilot landing in open water of the Arctic Ocean
would require the most rapid response time, and would lead to the greatest likelihood of mission
failure.
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Aeronautical SAR Scenario Analysis
Scenario
On January 7th, 2017, United Airlines Flight 179 from Newark to Hong Kong takes off with
400 passengers on board.113 This flight takes a polar route flying near the North Pole and passing
through Russian airspace on its way to Hong Kong. Seven hours into the flight, while flying
north of Alaska, the Boeing 777 experiences a dual flameout and loses power to both engines.
The pilots attempt to restart the engines, but the unseasonably cold Arctic air prevents the fuel
from flowing to the engines and neither engine restarts. By now, the aircraft has lost 15,000 feet
of altitude and is too low to make it to Barrow, the nearest diversion airport.114 In an effort to aid
rescuers, the pilots turn towards Barrow, put the aircraft at maximum glide angle, and prepare to
make a controlled landing on the pack ice. The pilots execute an instrument landing on a flat
patch of first-year sea ice. The plane skids across the sea ice crippling the landing gear. The right
wing snaps off on an errant chuck of ice, which causes the cabin to rip open just aft of the wing.
There are a few casualties and a number of seriously injured passengers, but the majority of
passengers suffer only minor injuries. The crash occurs at 8:00 PM. The plane is in the U.S.
Arctic SAR AOR at coordinates: 75o 20’ N, 148o 00’ W. In early January, this part of the Arctic
experiences 24 hours without sunlight, and with sea ice covering the entire Artic Ocean. The
location of the aircraft is 330 miles northeast of Barrow and 350 north of Prudhoe Bay. A map of
the crash site, with distances to key locations, is shown below in Figure 5.3.
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Figure 5.3. Location and Distances of Aeronautical SAR Scenario

Analysis
The full analysis can be found in Appendix D. The analysis informed by attending Arctic
Zephyr, an Arctic SAR exercise that featured the rescue of a downed airliner, and by conducting
semi-structured interviews with SMEs from the AKANG, the Coast Guard, the North Slope
Borough, and the Army. Based on interviews and exercises, the SAR response for a downed
airliner would have the following structure: 1) locate the aircraft as quickly as possible and
establish an on-scene commander; 2) provide life support for the passengers and crew while the
rescue can be coordinated; 3) use helicopters to transport all personnel back to Barrow and
Prudhoe Bay; 4) erect receiving facilities to support passengers as they await flights, and; 5)
charter commercial aircraft to bring passengers off North Slope.
The analysis steps through all the details of the SAR response, beginning with the “report”
stage, moving to the “locate” and “support” stages, and finishing with the “recovery” operation.
The analysis assesses the feasibility of the rescue by constructing a realistic timeline of the
response while tracking personnel rescued, estimating the logistics requirements, and examining
the likelihood of different weather conditions affecting the SAR response.
This chapter picks up from the end of the analysis and highlights the potential failure points
that could prevent operational success.
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Potential Failure Points
Weather disrupts helicopter operations and airdrop

Icing conditions and poor visibility, either at the crash site or along the path to the crash site,
are the most likely weather conditions that could prevent helicopters from responding. Should
this happen, greater support capability would be needed to provide for the survivors until their
rescue could be coordinated. The airdrop of this support capability could also be impacted by bad
weather, as a low ceiling, high winds, or bad visibility could make this inherently risky operation
even riskier.
Reliance on Army CH-47 FARPs

Due to the geographic location of the crash site, 330 miles Northeast of Barrow, the success
of the response hinges on the ability of Army CH-47s to respond and provide refueling capability
for other responding helicopters. This capability extends the range of all helicopter assets
allowing them to reach the crash site.
The availability of this asset is not guaranteed, and the RCC can only request support from
the USARAK Aviation Task Force (UATF). Additionally, the mission requires these aircraft to
fly off-shore and set up refueling points, both capabilities that they do not regularly practice or
have substantial experience conducting. Commanders may deem the sea ice conditions unsafe or
the experience of the crews insufficient to execute the mission. If they did decide to execute the
mission, maintenance issues could prevent the SAR response from being successful. Since the
FARPs are the lynchpin of the operation, losing a FARP could prevent a number of other aircraft
from being able to respond.
Personnel and resources to support survivors at the crash site

The large numbers of personnel at the crash site require a substantial amount of resources to
ensure their survival until the recovery can be coordinated. Unfortunately, the capability to
provide these resources is both limited and unfunded. The ASP has only resources to provide for
26 people for 72 hours, and there are a maximum of only 36 GA personnel in the 212th to
administer these resources. With up to 450 people requiring assistance, there is a substantial gap
in both personnel and resources. Canadian MAJAID kits could provide some additional
capability, but on a much longer response time given that they are located in Trenton, Canada,
3000 miles to the East. Due to the size and urgency of the support task, USAF resources may be
too limited and Canadian resources too late.
Personnel and resources to stand up shore-side receiving facility

Additional support for survivors is required once they arrive back to Barrow and Prudhoe
Bay. Limited capacity exists in Barrow and Prudhoe Bay to provide resources (food, shelter,
cots, warm clothes, phones) that survivors and the SAR responders would require. Shore-side
receiving facilities would require both personnel and resources to support survivors as they await
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a chartered aircraft, and SAR responders as they switch out crews and rest for their next sortie.
This capability would need to be stood up and forward deployed quickly with personnel who are
trained to manage MROs.
Lack of medical services on North Slope

A plane crash is a high-speed deceleration, which would likely cause many casualties and
serious injuries that would require immediate treatment. The SAR system would respond as best
as they are able, but another serious vulnerability is the medical services available to critical
patients upon their return to Barrow and Prudhoe Bay. Samuel Simmonds Memorial Hospital in
Barrow is a Level IV Trauma Center with 14 beds. The hospital can stabilize patients for
transport to a higher level of care, but has no surgical capabilities. Fairweather Deadhorse
Medical Clinic, in Prudhoe Bay, provides even less medical capability. The plan for medical care
in both places is to stabilize patients for medivac to a higher level of care in Anchorage or
Fairbanks. With so many patients requiring treatment, so much focus on the rescue of passengers
from the crash site, and only limited runway capacity, providing medical care or medivacs for
these survivors is a serious potential failure point. Any potential delay could threaten life and
limb.
Coordinating with numerous government and non-government organizations

The coordination required to pull off this response would be immense. The RCC’s would
need to coordinate with the Coast Guard, the AKANG, USARAK AATF, NSBSAR, Army
Guard, Active Duty Army, Active Duty Air Force, Barrow local government, Commercial
entities in Prudhoe Bay, the State of Alaska, and the Canadian RCC, among others. Each one of
these organizations has different interests, risk tolerance, operating procedures, and cultures.
While the urgency of the SAR mission can cut through many of these differences, the “fog and
friction” created by the complexity of the SAR response creates potential failure points.
At a lower level, mission execution requires communication and coordination between these
numerous organizations. As one example, Army CH-47s do not have a satellite communications
system, but they can bring stand-alone satellite phones with them to communicate when out of
range of their radios. Using these satellite phones in flight is difficult, and one UATF SME
reported that they would have to land to be able to communicate with them.115 For coordinating
FARP operations on the sea ice, any communications failures stemming from this could delay
the SAR response, or cause an accident among the other SAR responders.
The outpouring of media inquiries, and interest from all levels of government would be
tremendous and require additional personnel and resources to ensure it did not overrun the
RCC’s ability to respond to the case. As natural disasters like Hurricane Katrina have
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demonstrated, the external narrative portrayed by the media has a tremendous impact on public
sentiment towards governmental organizations, warranted or unwarranted. Failure to manage the
media narrative could lead to a different kind of mission failure: one where negative public
sentiment tarnishes the broader reputation of the organization.
Lastly, coordination and communications challenges do not end once passengers land back in
shore side receiving facilities. The prevalence of social media and smart phones may mean that
the cell phone networks in Barrow and Prudhoe Bay would be overwhelmed. This happened in
2010 when passengers from the grounded Clipper Adventurer were offloaded in the Nugluktuk
and overloaded both cell phone and internet capacity.116 Losing cell phone networks could create
challenges for personnel managing the response and the shore side facility from Barrow and
Prudhoe Bay. This highlights the need to plan for redundancy with communications equipment.
Assessment of Preparedness
Overall, the U.S. is partially prepared to handle an aeronautical SAR scenario on the pack ice
in the Arctic, but significant challenges remain that could lead to mission failure. The ability to
utilize DoD and DHS aircraft greatly improves the size of the helicopter fleet that could respond
to the incident, and Army CH-47s greatly extend the range of these aircraft. The U.S. is deficient
in the resources that it can provide to support a large number of survivors, however, which is a
notable vulnerability. Beyond the refueled range of helicopters, roughly 600 miles, the ability to
respond is greatly diminished. Canadian Twin Otters, AKANG HH-60s, and New York Air
National Guard (NYANG) LC-130s provide some capability, but it is unknown whether they
could be utilized in this fashion. Lastly, the complexity of the SAR response could create
coordination and communications challenges to the detriment of the overall SAR response.

Maritime SAR Scenario Analysis
Scenario
In late August of 2017, the Arctic cruise ship, motor vessel (MV) Worsley,117 is transiting the
Northwest Passage with 1000 passengers and 400 crew members on board. On September 7th,
the ship is 10 days into the 30-day expedition and is passing through the Beaufort Sea near the
Canadian border when it encounters an Arctic storm. At 3:00am, the ship collides with a
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Bernard Funston, “Emergency Preparedness in Canada’s North: An Examination of Community Capacity”
(Northern Canada Consulting, 2014),
http://gordonfoundation.ca/sites/default/files/publications/Emergency%20Preparedness%20in%20Canadas%20Arcti
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The vessel is named reverently after Frank Worsley, the unsung hero of Ernest Shackleton’s ill-fated 1915-16
Antarctic expedition. He navigated the life boat 800 miles across open ocean, crossed mountain passes, and
ultimately was critical in ensuring the survival of all crew members after their ship was crushed in the sea ice.
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submerged iceberg, ripping a hole in the belly of the vessel and damaging one of the engine
pods. This renders the ship immobile and water begins to rush in through the breached hull. With
the collision, ten elderly passengers fall from their bunks causing severe injuries that require
medical evacuation.
The Captain notifies the RCC of the accident and sends a team of engineers to inspect the
damage and diagnose the situation. The chief engineer reports that the hole is sizable and
patching is not an option. The ship’s pumps begin operating to remove the inflowing water. This
works temporarily, but when one of the pumps fails, water flows in at a rate greater than it can be
removed. At 1500, the ship begins to list towards its port side and the captain orders the
evacuation of all passengers and crew.
The figure below depicts the location of the cruise ship with distances to other marine
vessels, communities, and SAR assets.
Figure 5.4. Location and Distances of Maritime SAR Scenario

At the time of the accident, there are four maritime vessels in the region. These include two
Coast Guard vessels: the USCGC Waesche, a National Security Cutter, and the USCGC Healy, a
medium-strength icebreaker. Additionally, there are two commercial vessels: the MV Nordic
Winter, a smaller cruise ship located to the east, and a Crowley Marine Fuel Barge located in
Prudhoe Bay. In terms of aviation assets for SAR, the USCG is operating a forward operating
base (FOB) in Kotzebue with 2 MH-60 Jayhawk aircraft and crew, and the North Slope Borough
SAR operates both fixed wing aircraft and S-92 helicopters out of Barrow, Alaska.
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Table 5.2. Location and Response Times of Assets Available for Maritime SAR Support
Organization

Asset

Speed (knts)

Distance (miles)

Est. Resp Time (hrs)

U.S. Coast Guard

USCGC Waesche

28

309

10

U.S. Coast Guard

USCGC Healy

14 (3 in ice)

793

50

Crowley Maritime

Fuel Barge

12

163

12

Cruise Ship Agency

Nordic Winter

20

140

6

USCG FOL Kotzebue

MH-60 Jayhawk

130

307

2.5

NSBSAR

S-92

150

688

7.5

Analysis
The full analysis of this scenario can be found in Appendix E. The analysis is informed by
attending two Arctic SAR exercises that dealt specifically with a cruise ship evacuation. The two
exercises were Arctic Zephyr, held in October of 2015 by USNORTHCOM, and the Northwest
Passage Exercise, held in April of 2016 by the U.S. Coast Guard. Both exercises brought
together subject matter experts to discuss the SAR response and other important issues related to
Arctic SAR. These Arctic SAR SMEs included representatives from Crystal Cruises, the Coast
Guard, NSBSAR, the Air Force, and international partners, among others.
Based on these exercises, the SAR response for a Cruise Ship evacuation would generally
entail five main tasks. These include: 1) support the passengers and the ship while deciding
whether to evacuate; 2) after the decision to evacuate, move all passengers and crew to other
vessels or lifeboats; 3) transit to shore; 4) erect shore-side facilities to receive passengers and
crew and support them temporarily, and; 5) charter aircraft to bring passengers and crew off the
North Slope and return them to their homes.
The analysis steps through all the details of the SAR response, beginning with the “report”
stage, moving to the “locate” and “support” stages, and finishing with the “recovery” operation.
The analysis assesses the feasibility of the rescue by constructing a realistic timeline of the
response while tracking personnel rescued, and examining the likelihood of different weather
conditions affecting the SAR response.
This chapter picks up from the end of the analysis and highlights the potential failure points
that could prevent operational success.
Potential Failure Points
Weather prevents small boat operations, helicopter transport

A volatile sea state could prevent ships from providing support, and poor visibility or icing
conditions could prevent helicopters from responding for medivacs or personnel transfer. If a bad
sea state prevents responding ships from assisting, the cruise ship would be on its own. The loss
of helicopters could prevent medivacs leading to a greater risk for passengers, but the medical
capability on board the cruise ship mitigates some of this risk.
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Reliance on Good Samaritans, local governments and commercial entities

Most aspects of the response rely on assistance from non-USCG assets and personnel. First,
the NSBSAR helicopter may not be available or may not be able to respond to an off-shore SAR
case, which is typically outside its mission set. Second, the MV Nordic Winter and the Crowley
Marine fuel barge are not used to assisting in SAR cases and would need direction on how to
properly provide support. Third, most decisions would be made in conjunction with the cruise
ship company who would be a key player in the scenario and responsible for organizing the
chartered aircraft. In this sense, the Coast Guard acts more as the organizer than an executer,
responsible for delegating tasks and managing the overall flow of the case rather than
accomplishing the rescue autonomously. This makes the case doable, but gives the USCG much
less control over the response effort.
Transferring survivors from ship-to-ship and from ship-to-shore

Arctic environmental conditions make personnel transfers, both ship-to-ship and ship-toshore, very difficult. The transfer would require either small boat operations or helicopter rides to
move passengers. Both of these methods are dynamic and require some level of participation
from the passengers, something elderly passengers may not be able to do. Additionally, both are
prone to failure in bad weather—a volatile sea state could disrupt small boat operations and
increase the risk of helicopter operations, and bad weather (icing conditions, poor visibility etc.)
could disrupt helicopter operations. If the transfer failed, personnel would have to rely on
lifeboats. While the lifeboats are sufficiently resource to support all passengers on board, it is
the least preferred location for passengers because then they are split up and harder to manage.
Personnel/resources for establishing and operating shore side receiving facilities

Shore-side receiving facilities are a key resource for supporting passengers until chartered
aircraft can be coordinated. The challenge of rapidly establishing and resourcing these facilities
is a tremendous one for the USCG and the State of Alaska. Failure on this task could lead to loss
of life or limb, and greatly deplete the local community of its vital resources.
Providing medical care to evacuated passengers

A cruise ship evacuation would not inherently have the same kinds of injuries as a plane
crash, but medical conditions are inevitable due to the large number of passengers, the dynamic
operation involved in rescuing them, and the harsh Arctic environment to which they would be
subject. Quickly providing survivors with required medical care would be required for mission
success.
Coordinating with government and non-government organizations

Similar to the Aeronautical SAR scenario, the response requires coordination between a large
number of governmental and non-governmental entities. Each of these communication links adds
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to the “fog and friction” of the operation leading to greater risk of miscommunication with the
potential to have negative operational impacts. Having redundant communication options is key
to enabling this collaboration, and shore-side receiving facilities should expect the large influx of
personnel to shut down cell phone networks.
Maintaining accountability of all personnel is a much larger issue in this scenario, with 1700
passengers being split up onto different rescue platforms and into different shore-side receiving
facilities. This increases the need for smooth collaboration and coordination between entities.
Successfully managing external communication with the media, passenger families, and the
public is also required for mission success. One aspect of this that neither the Air Force nor the
Coast Guard is prepared for is that the narrative will initially exist chiefly on social media, driven
exclusively by the evacuating passengers posting pictures, videos, and accounts of the ordeal.
Assessment of Preparedness
Overall, the U.S. is partially prepared to handle a cruise ship evacuation in the Arctic, but
significant challenges remain that could lead to mission failure. The ability to request assistance
from other vessels in the area, and the USCG cutter seasonally in the Arctic provide important
capabilities to enable a successful SAR operation. The presence of sea ice, bad weather, and a
volatile sea state could all disrupt the SAR response. The need to keep accountability of all
passengers, and quickly establish shore-side receiving facilities on the North Slope is a
considerable challenge that could prevent mission success. Lastly, the large number of
governmental and non-governmental actors participating in the response creates coordination and
communications challenges that could work against a successful SAR response.

Key Challenges for Arctic SAR
The identified failure points serve as the basis for identifying the key challenges facing the
USAF and USCG in responding to potential future Arctic SAR events. The goal is to identify
challenges that are not scenario-specific, but speak more broadly to the inherent challenges with
the Arctic SAR mission set. To do this, I listed the failure points identified from the scenario
analysis and grouped the similar failure points to create key challenges. The table below shows
the progression from failure points to key challenges.
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Figure 5.5. Failure Points Condensed into Key Challenges for Arctic SAR

The first key challenge is overcoming Arctic weather conditions. Icing conditions, poor
visibility, high winds, and a low ceiling could all disrupt the SAR response. In particular,
helicopter operations are particularly prone to disruption with their susceptibility to icing
conditions and poor visibility across the state, with mountain passes in the Brooks Range and
Alaska Range being key choke points. In a maritime environment, the presence of sea ice and/or
a volatile sea state could disrupt the response effort. In both cases, the inability of SAR forces to
reach the scene and recover persons in distress means that a support capability is required until
the weather improves and recovery can be coordinated. For aeronautical SAR and personnel
recovery, GA personnel and the ASP provide this capability, but there is a capacity challenge
with only one ASP available and no funding to support its longer-term sustainment. For maritime
SAR, much of the support capability would be provided by resources on the cruise ship and, if
evacuation is required, by the ship’s lifeboats.
The second key challenge is relying on non-organic SAR resources. In all scenarios, much of
the heavy lifting for the SAR response is carried out by assets and personnel that do not belong
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to the AKANG or USCG. Outside assistance is on a “task not ask”118 basis, however, meaning
that the RCC may not be able to utilize these resources if the organization cannot lend them.
According to DoD instruction 3003.01, military forces should provide civil SAR support to the
“fullest extent practicable on a non-interference basis with primary military duties,” and on a
non-reimbursement basis. On the one hand, SAR tends to be a galvanizing mission that creates a
unifying purpose that elicits substantial support from non-SAR organization. On the other hand,
mission success takes much more than the initial pledge of support. These organizations are
asked to conduct non-traditional missions for which they have little experience, and integrate
their efforts with organizations with which they have little familiarity. Ensuring each
organization is capable of providing support and helping with mission execution is critical for
success.
The third key challenge is supporting survivors. This is uniquely important in the Arctic
where extreme environmental conditions shorten the survival times of isolated personnel, and
can prevent helicopters from responding. First, when personnel become isolated, it is important
to provide the personnel and resources necessary to ensure their survival until rescue can be
provided. Once the recovery is coordinated, and survivors are brought to small communities on
the North Slope, they need to be supported in shore-side receiving facilities until chartered
aircraft or medivac can be coordinated. All of these support tasks require both personnel and
resources to provide survival support required to bring people to a place of safety. With
shortened survival times due to the Arctic climate, failure to do so could be catastrophic.
The fourth key challenge is overcoming the lack of medical services on the North Slope.
Injuries are likely in all three scenarios, and any initial injury would be exacerbated by the Arctic
environment as the survivors await their rescue. With very limited medical capability on the
North Slope, many of the survivors would need to be medevac’d to Fairbanks or Anchorage.
This additional time presents a considerable risk to the safety of survivors, particularly with large
numbers of personnel requiring medivac. Air Force pararescuemen can provide EMT level 3
support to some survivors, but if more advanced treatment is needed, there is no capability. This
challenge creates a risk to all personnel in the Arctic.
The fifth key challenge is coordinating the response between multiple organizations. This
challenge is both technical and organizational. The Arctic environment means that common
methods of communication, like cell phones and e-mail, are not reliable, and organizations
would need to coordinate the response via radios and satellite phones. Beyond the technical
challenge, different organizational cultures might make collaboration difficult. In the
aeronautical SAR scenario, for example, an USCG MH-60 would be refueling off of an Army
FARP. Both organizations have very different operating procedures, communication platforms,
terminology and organizational practices that make this linkage likely a choppy one, particularly
118
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since neither organization has much experience conducting SAR missions. Successful linkages
and consistent communication between organizations is a considerable challenge that exists
when conducting Arctic SAR.
These five key challenges serve as the basis for developing policy recommendations to
improve the existing USAF and USCG preparedness for Arctic SAR discussed in the next
chapter.
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Chapter Six: Findings and Recommendations

This concluding chapter summarizes the findings of the research, and steps these findings
forward into policy recommendations for the Air Force and Coast Guard.

Research Findings
The first research question centered on the current demand for Arctic SAR and what factors
affect its future trajectory? My initial hypothesis was that retreating sea ice and emerging
economic opportunity will lead to more human activity in the Arctic, increasing the demand for
Arctic SAR. The research finds that human activity in the Arctic has increased due to expanded
economic opportunity, military activity, and aviation, but it has done so only slightly, and from a
very low baseline. From 2003-2013, there were only 21 SAR cases, an average of less than two
per year, that required USAF or USCG support. When Shell was conducting exploratory drilling
in the Arctic during the past decade, the prospects of near-term Arctic activity were high. Now
that Shell has shut down Arctic oil and gas operations, and other oil companies have followed
suit, the near-term prospects of Arctic economic activity are more modest. This pivot highlights
the uncertainty that characterizes future human activity in the Arctic.
An increase in human activity does not necessarily entail a concomitant increase in SAR
demand due to changes in the level of risk. Thus far, commercial operators have taken large steps
to mitigate the risk, standing up 24/7 meteorological units, retrofitting assets for the Arctic, and
bringing additional support vessels with survival resources, all of which have lowered the risk of
their operations. Further, advances in communications technology improve the ability of Arctic
operators to coordinate their own rescue without the need for USAF/USCG support. Both RCCs
in Alaska have experienced decreasing annual caseload in the last decade. Normal Accident
Theory predicts that accidents will continue to happen and the SAR system needs to be prepared
to respond when they do. Per my initial hypothesis, retreating sea ice may open up the Arctic to
increased economic development and human activity, but this progression will likely be more
long term and with a decreasing level of risk of Arctic operations, which means that the increase
in Arctic SAR demand may be relatively modest.
The second research question asked, what is the current U.S. capability for supplying SAR in
the Arctic, and how is it changing? My initial hypothesis was that U.S. ability to supply Arctic
SAR is deficient and unlikely to improve substantially in the near future. My research found that
USAF and USCG SAR resources are unlikely to change, but improvements in SAR capabilities
within other organizations paired with advances in communications and information technology
continue to make the Arctic SAR system more effective. The acquisition of two S-92 helicopters
by the North Slope Borough means that two of the state’s most capable helicopters (greater range
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and capacity than any USAF or USCG platforms) reside on the North Slope, on alert for SAR
cases. In addition, the large number of DoD assets stationed in Alaska, which can be requested
for SAR support, means that tremendous capacity can be added to the SAR system if required.
Lastly, the difficult environmental conditions that AKANG and USCG SAR responders face
regularly make them the best in their respective services. According to a USCG SME, Alaska is
the “major leagues” of SAR.
Information technology improvements are making the application of SAR assets more
effective without additional investment. In the near term, improvements in the COSPASSARSAT system will reduce the time-delay in alerting distress. Communication satellite
constellations, like Iridium on the commercial side and MUOS on the military side, have enabled
reliable satellite communications in the Arctic. Other technologies like Arctic Fiber and Project
Loon have the potential to solve many of the key communications challenges, like the limited
bandwidth of satellites. These advances have benefits in terms of both risk mitigation and in
terms of an improvement in the SAR system’s ability to coordinate and execute SAR missions.
The proliferation of lower-cost satellite technology is improving domain awareness—both in
terms of monitoring human activity in the Arctic and in terms of more accurate weather
forecasting—enabling better decision-making. Per my initial hypothesis, the USAF and USCG
are unlikely to make additional investment in Arctic SAR assets, but improvements to other parts
of the Arctic SAR system are making the application of SAR resources more effective.
The third research question asked, is the U.S. able to respond effectively to a challenging set
of potential future Arctic SAR cases? My initial hypothesis held that the Arctic SAR system
would be overwhelmed by stressing SAR incidents in the Arctic. Instead, my research found that
the U.S. Arctic SAR system is adequate to handle challenging SAR cases in the Arctic. Military
SAR, maritime SAR, and aeronautical SAR missions would be supremely challenging, very
expensive, and ripe with the potential for failure, but the technical capability exists to execute all
three SAR missions examined. The ability to parachute in survival equipment like the ASP
would be required to support survivors until rescue can be coordinated. Army CH-47s, with their
ability to set up FARPs, are valuable for extending the range of other helicopters in the state, and
for their large capacity to transport personnel. A cruise ship evacuation would rely on either
support from Good Samaritans or the ships’ lifeboats to ferry personnel to shore. Setting up
shore-side receiving facilities and maintaining accountability of all passengers would be a
challenge for SAR responders. These three scenarios test the SAR system across a number of
variables, and expose some key challenges for which the system is currently unprepared.
Looking across scenarios, five key challenges emerged for the Arctic SAR system. These
are:
(1) Overcoming Arctic weather conditions
(2) Relying on non-organic assets
(3) Supporting survivors
(4) Overcoming the lack of medical services on the North Slope
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(5) Coordinating the response between multiple organizations.
These challenges highlight that, although the technical capability exists, execution is fraught
with challenges generated by complex operations and the extreme environment. Accordingly,
these five key challenges serve as the basis for developing policy recommendations to improve
U.S. preparedness for Arctic SAR.

Policy Recommendations
To move from key challenges to policy recommendations, I presented my research findings
to Arctic SAR SMEs and worked with them to develop suitable policy recommendations
stemming from the key challenges.
U.S. Air Force Policy Recommendations
Develop Requirement for Arctic Sustainment Package (ASP)

USNORTHCOM, in its role as SAR Coordinator, should develop a requirement for the ASP
and provide funding to expand and sustain this important Arctic SAR asset. The ASP is a
requirement for Arctic SAR due to long helicopter response times, shortened survival times, and
the high prevalence of weather delays. Formally developing this capability will help address the
key challenges of overcoming Arctic weather conditions and supporting survivors. Additionally,
the ASP enables SAR responders to provide rapid support to remote locations, and delivery via
C-130 or C-17 makes it deployable anywhere in the Arctic, including for international SAR
support. While designed for aeronautical SAR scenarios, it also has conceivable application for
military plane crashes, catastrophic incident SAR to support isolated communities, and maritime
SAR to set up remote shore side receiving facilities.
Develop Requirement for an Emergency Medical Package

The Air Force should establish a requirement and develop an emergency medical package
that can be deployed to the Arctic via C-130 or C-17. This asset is required because plane
crashes produce serious injuries, because the North Slope lacks sufficient medical capabilities,
and because the traditional paradigm of medevac’ing injured personnel fails when confronted
with large numbers of personnel. This package presents an alternative where personnel and
emergency medical resources could be deployed to Barrow or Prudhoe Bay to provide flex
capacity. Resources should be tailored towards exposure injuries that may be likely in an Arctic
environment. This package should be developed in conjunction with the State of Alaska to
double as a catastrophic incident SAR package, enabling the hubs of Anchorage and Fairbanks to
better serve outlying communities.
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U.S. Coast Guard Policy Recommendations
Continue Conducting and Experimenting with Arctic Shield

The Coast Guard should continue conducting Arctic Shield, its annual Arctic exercise that
deploys forces to the North Slope, and experiment with new capabilities and postures. Both the
cutter in the Arctic Ocean and the MH-60 presence on the North Slope provide valuable SAR
capabilities that were utilized during the scenario analysis. In addition to providing Arctic SAR
support, this exercise is important for establishing relationships, testing and developing
capabilities. As another alternative to its current posture, the USCG should consider stationing
MH-60s on the deck of a National Security Cutter in the Arctic rather than having a separate
forward operating location for the helicopters. According to Coast Guard SMEs, this is
technically feasible and being examined by the USCG for operations in other regions.119 This
combined approach could save costs while maintaining a similar SAR posture.
Develop Receiving Facility Package

The Coast Guard should develop a Receiving Facility Package that can be rapidly deployed
to provide support for large numbers of people coming ashore in the Arctic. This package serves
to augment the limited resources of Alaskan Native communities in the Arctic, and provide for
the life support of large numbers of people until chartered aircraft (or other form of
transportation) can be coordinated. This recommendation stems from the need for this capability
in both the aeronautical and maritime SAR scenarios, and from the current capability gap within
the existing SAR system.
Establishing this package would require pre-planning and coordinating the rapid deployment
of both personnel and resources. The resources could be pre-package and ready for deployment
via C-17. Alternatively, they could possibly be pre-positioned at the new Alaska National Guard
facility in Barrow. To provide personnel, the USCG could look internally or create an agreement
to utilize personnel from the State of Alaska, North Slope Borough, or commercial operator
located on the North Slope, like Crowley Marine.

U.S. Coast Guard & U.S. Air Force Policy Recommendations
Conduct Combined Arctic SAR exercised with Secondary SAR Organizations

The USAF and USCG should conduct combined Arctic SAR exercises with participation
from secondary SAR organizations like the Army and North Slope Borough. For each SAR
scenario examined, collaboration and coordination between SAR organizations was a key
challenge for Arctic SAR. Joint exercises work to develop organizational relationships, smooth
119
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communications pathways, and ultimately improve the integration of limited Arctic SAR
resources. Familiarizing non-SAR organizations with the unique challenges of the Arctic, and
practicing non-conventional capabilities like refueling from CH-47 FARPs on the pack ice,
would greatly improve the overall preparedness for Arctic SAR. Additionally, as technology
continues to improve, these exercises can serve as an opportunity to test and stay current with the
latest developments.
No-notice exercises that test SAR organizations’ ability to recall asset and personnel would
also improve the overall preparedness of the Arctic SAR system. These exercises could involve,
for example, the AKRCC calling the UATF, asking how many assets and aircrew could currently
be made available for a SAR case, and how long it would take for aircraft to be airborne.
Hospitals have used no-notice tests to improve hospital disaster preparedness, and the similar
nature of the two systems suggests that the Arctic SAR would benefit from a similar approach.
Monitoring “Signposts”

The findings and policy recommendations are underpinned by a number of assumptions that,
with an increasingly dynamic world, could be broken with future changes to the Arctic region.
These underlying assumptions include available SAR capability, Arctic economic activity, policy
regulations, military activity, and pace of climate change, among others. Should any of these key
assumptions break, reassessment may be required. To ensure policy and posture keep pace with
the dynamic Arctic environment, USAF and USCG policy makers should monitor key “sign
posts” to assess whether changes to the Arctic necessitate renewed consideration for investment
in Arctic SAR capability and capacity. The table below depicts key assumptions mapped to “sign
posts” to monitor.
Table 6.1. Key Assumptions and Sign Posts to Monitor
Key Assumption, Currently True

“Signposts” to monitor

Arctic economic activity remains low

Oil and gas development
Arctic tourism
Bering Strait ship traffic
minimum seasonal sea ice extent

NSBSAR acquires two new S-92 helicopters

Acquisition, training, and employment of S-92.
S-92 effectiveness operating offshore, hoisting, and in
icing conditions

Available SAR assets remain the same as summer
2016

Available assets of DoD, DHS, State of Alaska, NSBSAR,
and commercial organizations

Arctic military environment remains peaceful

Russian Arctic military development
Number of annual Air Sovereignty missions

Arctic commercial entities taking necessary safety
precautions

Polar code implementation and enforcement
Cruise ship emergency response plans
Oil and gas emergency response plans

Satellite sensing and communications capability
limited, but improving

Employment of CubeSats and commercial satellite
communications capabilities in the Arctic,
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Available real-time intelligence on Arctic region

Changes along any of these lines could break the underlying assumptions upon which
findings and policy recommendations are built. Monitoring these areas, and conducting
necessary reassessment as assumptions are broken, will allow USAF and USCG SAR policy
makers to adapt capabilities in line with the changing Arctic environment.
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Appendix A: Interviews with Subject Matter Experts

Purpose and Organizations Interviewed
I interviewed 25 different stakeholders to gather information and answer the research
questions. I completed the proper Human Subjects Protection Committee protocols within
RAND before conducting the interviews to ensure that I properly conducted these interviews.
Information from these interviews was foundational for characterizing the supply and demand
for SAR, for depicting a realistic response to Arctic SAR scenarios, and for developing suitable
policy recommendations. I conducted interviews with federal organizations, state organizations,
local organizations, as well as industry professionals and Arctic policy researchers. The figure
below outlines the organizations that were involved in site visits and interviews:
Figure A.1. List of SME Inputs Collected with Site Visits and Semi-Structured Interviews

I designed the interview questions to look at both the technical side of SAR missions
(platforms, operating concepts, capabilities, and limitations) as well as the organizational side
(communicating, coordinating, sharing resources). Along each line, interview questions
addressed capabilities, challenges, and options for improvement. The interviews were semistructured to allow a richer discussion on other issues relevant to Arctic SAR. The next section
contains the interview guide that I used to conduct these interviews.

Interview Guide
The objective of this research is to characterize the existing capacity for Arctic search and
rescue within the U.S. area of responsibility, and to identify and evaluate options for
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improvement. I am conducting this research as part of my dissertation through the Pardee RAND
Graduate School. This interview is entirely voluntary, so if you do not wish to answer a question
you are not obligated to. This information will be used to solely inform my research and will not
be individual attributable to you. Do you have any questions at this time?
1. What role does your organization play in assisting with Arctic Search and Rescue?
2. If right now Shell was called to assist a cruise ship in the Beaufort Sea had an engine fire
and needed evacuating, what would happen over the next few hours and days within your
organization?
3. How would you rate the current capacity for Arctic SAR that exists internally and
externally?
I am looking at Arctic Search and Rescue from a technical perspective and from an
organizational perspective. A technical perspective takes an engineering view to examine
response assets, communications, technology, logistics, and resources available to physically
conduct a SAR mission. From a technical standpoint….
4. What capabilities could your organization bring to bear in an Arctic SAR incident?
5. What are the key technical challenges faced that prevent a more effective capability?
These challenges could be in terms of mobility, communications, logistics, infrastructure,
among others.
6. What options are you aware of for overcoming these challenges? Are any efforts
currently being pursued?
7. With unlimited money, are their other alternatives for improving the capability? Where
would you spend your next dollar?
Conversely, an organizational perspective considers the human element to examine
coordination mechanisms, plans, funding sources, and command and control frameworks to
coordinate a response internally within an organization, and externally with other organizations.
From an organizational standpoint…
8. If required, what organizations might you coordinate with in an Arctic SAR case?
9. What mechanisms are in place to cohesively integrate the response capabilities? Are
these adequate?
10. What organizational challenges prevent a more effective response capability? These
could be in terms of coordination, organizational culture, budget constraints, command
and control delineation, among others.
11. What options are you aware of for overcoming these organizational challenges? Are any
efforts currently being pursued?
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Appendix B: Arctic SAR Model

Overview
The purpose of the ArcGIS Arctic SAR Model is to quantify Arctic SAR capabilities, and
improvements in Arctic SAR capabilities. I used the Arctic SAR model to graphically depict
Arctic SAR capabilities, map out helicopter response paths, and calculate asset response times
for the scenario analysis. In this regard, the Arctic SAR model provides the quantitative
backbone of the analysis.
The need for an ArcGIS model, rather than simply using range rings to calculate response
times, stems from a key limitation that helicopters fly through mountain passes. With ArcGIS I
can limit the response path to bottlenecks around key mountain passes, while mapping and
calculating response times. One key limitation of the model is that it does not take into account
wind speed or weather in the response time calculations. These two variables have considerable
impact on actual response times, particularly since SAR cases tend to correspond to poor weather
conditions, but are not accounted for by the model. Put differently, a four-hour calculated
response time means very little if zero visibility prevents helicopters from responding for 48
hours. In this regard, the Arctic SAR Model calculates “best-case scenario” response times.

Base Model
The base model contains a digital elevation map (DEM) of the state of Alaska in an Albers
equal-area conic projection. The DEM was provided by Alaska Geospatial Data Committee
within the USGS.120 The data frame uses an Albers Conic Equal Area projection as the
coordinate system, which was selected to minimize error in the core of the map. Every
coordinate system introduces some distortion, and this one does not preserve scale or shape, but
this map has minimal distortion between two selected standard parallels. In this case, the
parallels were selected to be 55o N and 65o to correspond to the central core of the map. This
means that areas near the Arctic N but this one was selected to minimize error in the core of the
map. As a result of selecting this coordinate system, the map does not meet at a point in the
North Pole and response times may contain some small error.
Adding to the base layer, I input the locations of SAR assets across the state and created a
layer with the extent of the U.S. Arctic SAR Region as defined by the 2011 Arctic SAR Region.
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“AGDC - Alaska Land Characteristics Data Set,” USGS, accessed July 7, 2016,
http://agdc.usgs.gov/data/usgs/erosafo/300m/300m.html.
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These layers provide the baseline geometry of the Arctic SAR problem set: SAR assets
responding to locations throughout the Arctic SAR Region.

Response Time Maps
Maps of response times were generated using the ArcGIS Cost Distance Tool. The Cost
Distance Tool calculates the minimum “cost” (in this the cost is time) of moving from an initial
location to all other locations within a defined area or raster layer. To do this, it requires a cost
raster that defines the “cost” of each cell within the defined area. Using the cost raster, the tool
moves from the initial location and sums up the accumulated cost of moving to all other
locations in the raster. Each “step” taken adds the value defined in the cost rater. From this, the
tool defines, for each location in the layer, the minimum accumulated cost back to the initial
location. The resulting layer produced by the tool displays the cost of travel from the initial
location to any other location in the raster.
To make the tool produce SAR response times, I set each pixel in the cost layer equal to the
time it would take to travel across the pixel. If each pixel is equal to the time fragment that it
would take to transit the pixel, then the sum of a line of pixels would be the response time. This
makes the false assumption that helicopters would take the same time to transit a pixel regardless
of the angle at which it crosses the pixel, but with small pixel sizes (in this case 300 meters) the
error introduced is minimal. Another limitation of the tool is that from any given point there are
only eight possible directions of travel corresponding to the eight surrounding pixels. In this
case, with the cost raster being equal for all pixels, this produces response ranges that are of
octagonal shape rather than circular. This is because the “cost” of moving, for example, 100
pixels to the North is the same as going 100 pixels directly to the northwest in the. For this
application, where precision is not required, the error introduced is acceptable.
To account for mountain ranges, “no data” line segments are added to the cost raster to
prevent aircraft from traversing mountain ranges at locations other than at known mountain
passes. Known mountain passes were identified through interviews with an AKANG SME with
experience flying across the state of Alaska. To build these into the cost raster, I created a layer
of polylines corresponding to mountain ranges that were not to be crossed, leaving the mountain
pass locations still accessible. I then merged this layer into the cost layer and set the values to
“no data” to ensure the Cost Distance tool only calculated response times that went through
mountain passes. This base cost layer served as the template for developing costs for each SAR
assets based on the different cruise speeds.
Response time maps for AKANG Helicopters were relatively straight forward. I assume
aerial refueling does not take additional time and can be done en route to the crash site. This is a
reasonable assumption because HC-130s can provide fuel at a rate of 1000 lbs./minute, and both
aircraft remain flying in the direction of travel while doing so. Next, I had to modify the base
cost layer, with mountain passes build in, to reflect the helicopter’s 130 knot cruising speed.
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With the defined cost raster, I used the Cost Distance tool to create a map of helicopter response
times within the Arctic SAR Region from AKANG helicopters based in both Anchorage and
Fairbanks. This result is shown in the figure below:
Figure B.1. AKANG HH-60 Response Time Map

This map of SAR response times provides an estimate for AKANG HH-60 SAR response
times within the entire U.S. Arctic SAR Region. Some error can be seen by the octagonal shape
of the range rings, and the North Pole being represented as a curved surface rather than a point.
These distortions stem from using the Cost Distance Tool, and from using an Albers Conic
projection. Distortion around mountain ranges reflects the limitation of having to fly through
mountain passes. This limitation does not appear to greatly effect best-case scenario response
times, but does affect SAR response times in practice.
Response time maps for USCG helicopters were more complicated due to the need to
account for helicopter refueling and range limitations. USCG MH-60 helicopters were assumed,
based on SME interviews, to be able to fly 600 nautical miles before refueling (with a 30-minute
hover to execute a SAR cases), and to take one hour to fully refuel and take off again. As an
additional nuance, helicopters are allowed to take off from one airport, respond to a SAR case,
and land at another airport. This realistic scenario changes the geometry of SAR response
calculations. The response range for a helicopter taking off and landing at the same airport is a
circle. The response range for a helicopter taking off and landing at different airports is an ellipse
with the two airports located at the two foci. Thus, the response range for a helicopter from its
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home airport is the union of the basic circular range and all the range ellipses with airports that it
can reach without refueling. The graphic below depicts the geometry associated with USCG
range calculations:
Figure B.2. Geography of USCG Response Ranges with Multiple Refueling Airports

The range of cases that a USCG helicopter can respond to is the union of both the circular
response range from its home airport (AP1 in the figure), and the elliptical response range when
taking off at one airport and landing at another (AP2 in the figure). Without refueling, the
helicopter can respond to any case within the range. For cases beyond the response range from
the home airport, farther to the right of AP2 for example, the helicopter would have to fly
directly from AP1 to AP2, refuel, and fly from AP2 to the case location.
To map USCG response times, I made response ranges for all the major refueling locations
(e.g. Kotzebue), and then used the cost distance tool to create individual maps of SAR response
times from each refueling location. As an example, I mapped out response times from Kotzebue
Airport within the defined response range. Next, I used the Raster Calculator Tool to add both
the transit time from the home airport and the refueling time. Continuing the example, based on
model outputs the quickest way to fly from Kodiak to Kotzebue is to refuel at Dillingham, which
takes 5.22 hours of flight time. Therefore, I added 7.22 hours (5.22 hours flight time plus two
one-hour refueling stops at Dillingham and Kotzebue) to the Kotzebue response time map so that
it reflects response times from Kodiak. With a separate response time map from each refueling
location accurately reflecting the time it would take to fly through from Kodiak, I could integrate
the separate response time maps into one cohesive map of USCG response times. I used the
mosaic tool to produce the final USCG response time map, and directed the tool to select the
minimum value for overlapping layers in order to reflect minimum response times from Kodiak.
101

The resulting USCG response time map—with MH-60s based in Kodiak, Sitka, and Kotzebue—
is shows below:
Figure B.3. USCG Response Time Map with Refueling Times

The layered shape of the response times is a function of needing to refuel to reach more
remote locations, and elliptical response ranges. Restricting the range of USCG helicopters,
based on the need to refuel, tethers the helicopters to land-based infrastructure and prevents them
from responding to the edges of the U.S. Arctic SAR Region.
Response times for ships and fixed wing aircraft were also relatively simple as there was no
refueling required. The limitation for ships was that they had to stay on the water. To do this I
created a cost layer corresponding to the ocean, with no-data values defined for the land surface.
For fixed wing aircraft, there were no factors limited by geography or refueling because both C17s and C-130s have the range to reach the far reaches of the Arctic SAR region.
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Response Time Routes
For the scenario analyses, the Cost Path tool was used to map and calculate response times to
the distressed personnel. The Cost Path tool selects the optimal routes between two points that
minimizes the cost of travel. To do this, the tool requires a cost raster (identical to the one used
in the cost distance tool) as well as a back-link raster. The back-link raster is defined with a
number 1-8 which corresponds to the direction of least cost back to a source. In essence, the
back-link raster serves as a compass heading pointing towards the best path. The back-link raster
is generated as an option in the Cost Distance tool, and then utilized in the Cost Path tool. The
tool produces a path with the total accumulated cost, in this case the response time, stored as a
variable. The figure below shows the least cost paths for AKANG helicopters responding to the
F-22 crash site:
Figure B.4. Optimal Response Route to F-22 Crash Site

The figure depicts the helicopters transiting mountain passes through the Alaska Range and
through the Brooks Range to arrive at the crash site in the response times depicted. These
response times were used to build response timelines for the scenario analysis.
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Appendix C: Military SAR Scenario Analysis

Personnel Recovery Scenario
On April 15th, 2017, two F-22s and one KC-135 are scrambled to identify and intercept
aircraft flying towards the U.S. ADIZ northwest of Barrow, Alaska. The F-22 pilots fly north and
intercept two Russian Tu-95 bombers 50 miles off the coast of Alaska. As they are returning to
base, a “chafed” electrical wire in one of the planes sparks an internal fire that damages the flight
control system.121 The pilot follows his emergency procedures but is unable to maintain control
of the aircraft. The pilot radios his wingman informing him of the emergency and then ejects.
The time is 1730 and his position at the time of ejection is 162°56'0"W, 70°22'0"N. Figure C.1,
shown below, depicts the location of the F-22 pilot with distances to SAR assets.
Figure C.1. Location and Distances of Military SAR Scenario

The pilot ejects roughly 18 miles off the coast of Alaska, and the closest community is the
village of Wainwright, which lies 68 miles to the East. The closest SAR resources are in Barrow,
and the larger SAR hubs of Anchorage and Fairbanks are 730 and 550 miles away, respectively.
121

This malfunction forced the ejection of an F-22 pilot at Tyndall AFB in 2012. See http://www.f-16.net/f-22news-article4773.html
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After ejecting, the pilot could land either on sea ice or in open water. At this time of year, the sea
ice off the coast of Northern Alaska breaks up with the warming spring weather, which means
that is equally likely that the pilot would land in water or on ice.122

Analysis
The analysis is informed by interviews with SMEs from the AKRCC that focused on the
response to this scenario.123 Based on their input, the general structure of the SAR response
entails: 1) locating and communicating with the downed pilot; 2) placing an asset on scene as
quickly as possible, and; 3) medevacking the pilot off the North Slope.
This analysis builds off the general structure by building realistic timelines and conducting a
weather analysis. The analysis is broken into four steps—report, locate, support, and recover—
and finishes by examining the potential failure points. Overall, this analysis addresses how
prepared the U.S. is to handle a military SAR scenario in the Arctic.
Report:
The report phase is complete when the rescue forces receive notification of the incident. This
could occur actively, with the pilot radios his/her distress, or passively, with an ELT emergency
beacon or radar system providing notification.
The primary method is active notification via radio. The pilot has a radio in the plane, as well
as a survival radio he/she can use after ejecting. If the pilot has time before ejecting or is
coherent after ejecting, he/she should be able to notify his/her wingman of the ejection. Flying
with wingmen, in this case, provides a useful safety net to ensure rapid notification.
In the event that the pilot is unable to utilize either radio, passive notification would be very
likely. Primarily, the ejection seat is equipped with an ELT emergency beacon that activates
when it separates from the aircraft. The COSPAS-SARSAT would detect the beacon, calculate
the coordinates of the pilot, and notify the RCC. Alternatively, the Joint Air Operations Center
(JAOC) at Elmendorf AFB tracks F-22 sorties with ground-based radar systems. If the pilot
ejected, the JAOC would observe the plane disappearing from radar and notify the RCC.
Between radios, ELTs, and radar systems, rapid notification of the ejection is highly likely.
Locate:
The locate stage is complete when an asset arrives on scene and visually confirms the pilot’s
location. This is both an information challenge and a capability challenge.

122

Image from NASA’s Terra satellite. Accessed at
https://nsidc.org/cryosphere/seaice/study/visible_remote_sensing.html
123

Interviews conducted 22 Sept, 2015, and 20 April, 2016, at the AKRCC.
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On the information side, coordinates from the COSPAS-SARSAT system and/or position
information from the radar systems would be useful in honing in on the pilot’s position.
Assuming the ELT activates properly, those coordinates would be most useful because they
provide the pilots location, and not the plane’s location. If the ELT fails to activate, the radar
track would help narrow the search window for SAR forces.
On the capability side, the first asset that would attempt to confirm the pilot’s location would
be his/her F-22 wingman. F-22s typically deploy with a KC-135 tanker aircraft, which would
allow the F-22 to remain on-scene to conduct the search and locate the pilot. If the F-22 could
not be located, the RCC would likely launch an HC-130 to help with the search. The HC-130 has
a Forward Looking Infrared (FLIR) sensor and the ability to direction find (DF) radio signals,
both of which would aid in locating the pilot.
Support:
The support task is complete when rescue forces provide the downed pilot with the necessary
medical care and/or survival resources to keep him/her alive until a helicopter arrives. There are
two main resources available to support the pilot. The first is the survival gear built into the
ejection seat, and the second is AKANG GA personnel that could parachute in with survival
equipment and medical gear.
The F-22 survival kit includes support resources that the pilot could utilize to support himself
in an Arctic environment. Notably, the kit includes a life raft, an aluminum blanket, waterproof
matches, a signal kit, and a first aid kit, all of which provide an uninjured pilot with the resources
he/she needs to survive until rescue forces arrive. If the pilot is injured or incapacitated, GA
support may be required.
Based on the Arctic SAR model of response times (see chapter 4 and/or Appendix B), GA
personnel could arrive in an HC-130 2 hours and 51 minutes after notification. If the NSBSAR
helicopter is able to respond more quickly than GA personnel, this support may not be needed.
Assuming it is needed, if weather conditions allowed for the airdrop, GA personnel could then
parachute in and provide support. In terms of gear, GA personnel would need to prepare for open
ocean, sea ice, and a combination of the two. To do this they could pack a Rigging Alternate
Method Zodiak (RAMZ) for open water, ice climbing gear for moving on stable sea ice, an
amphibious ATV for mixed conditions, and SCUBA gear for a submerged pilot (likely a body)
recovery. GA personnel maintain the appropriate gear for all potential conditions that exist near
the F-22, and could provide the required survival and medical support.
Recover:
The rescue task is complete when the pilot is retrieved by SAR forces and safely transported
to a medical facility. The helicopter recover can be executed by a NSBSAR S-92 or an AKANG
HH-60, and the medivac can be executed by an AKANG HC-130.
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The closest and most likely rescue asset is the NSBSAR S-92. At a distance of 155 miles,
this helicopter is far closer than the AKANG helicopter in Fairbanks, 515 miles away, or the
ones in Anchorage, 730 miles away. Given the urgency of recovering the pilot, the AKRCC
would likely request assistance from the NSBSAR.
The first timeline that I construct for this recovery operation assumes the NSBSAR S-92
picks up the pilot and transports him/her to an AKANG HC-130 that medivacs the pilot off to
Fairbanks. In building this timeline, I assume that the S-92 and the HC-130 have a 30-minute
“time-to-takeoff”, which is the amount of time that elapses between receiving notification to
taking off from the home airport. Additionally, I assume that the “time-to-transfer” the pilot from
one location to another (ground to helicopter, helicopter to medivac aircraft, medivac aircraft to
hospital) also takes 30-minutes. Figure C.2, shown below, depicts the rescue of the F-22 pilot
with a NSBSAR response. Each line of the graph represents one aircraft flying from one location
to another.
Figure C.2. Projected Timeline of NSBSAR Rescue of F-22 Pilot

Looking at the timeline, the top bar on the graph depicts the time it takes for the S-92 to
reach the F-22 pilot and load him/her into the helicopter. The next line of the graph depicts the
flight to Wainwright. The village of Wainwright has the closest airstrip to the crash site and is
the most likely location for the transfer of the pilot from the helicopter to the medivac aircraft.124
124

Wainwright has a gravel runway which is problematic for most fixed with aircraft, but the HC-130 is outfit with
a gravel kit so that it can land at remote locations like this one.
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In this scenario, the S-92 arrives to Wainwright before the AKANG HC-130. In the interim, the
flight crew would provide any life support that the pilot may need. The third bar on the graph
depicts the AKANG HC-130 flying from Anchorage to Wainwright to meet the S-92, and
bringing the pilot onboard. The last bar on the graph depicts the HC-130 flight to Fairbanks, the
location of the nearest hospital, and the pilot’s transfer to a higher level of care. All in all, the
rescue takes roughly 4 hours and 50 minutes to complete.
If the NSBSAR S-92 cannot respond, AKANG HH-60s from Elmendorf or Fairbanks would
execute the mission. Their response times, however, would be considerably longer than the
NSBSAR S-92. Due to the urgency of the mission, the RCC would likely send both aircraft in
case one has maintenance issues en route. Figure C.3, shown below, depicts the HH-60 response
times and routes taken to reach the aircraft.
Figure C.3. Arctic SAR Model Output of AKANG Rescue of F-22 Pilot

Based on the ArcGIS Arctic SAR Model output, the Fairbanks HH-60 arrives roughly 1 hour
and 30 minutes before the Elmendorf HH-60. Additionally, the Elmendorf HH-60 has to fly
across the Alaska Range, which increases the likelihood that weather would prevent or delay the
response. The longer response times create a situation where GA personnel could be used to
support the pilot while the helicopters respond.
The second timeline, shown below in Figure C.4, depicts the timeline of the response
assuming AKANG HH-60s respond, with GA personnel parachuting in to support the pilot in the
interim, and an HC-130 conducts the medivac. This timeline makes similar assumptions to the
previous one, but assumes that the transfer from the HH-60 to the HC-130 takes only 10-minutes
due to the familiarity between the two crews. This assumption was adjusted based on interviews
with AKANG SMEs.
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Figure C.4. Projected Timeline of AKANG Rescue of F-22 Pilot

The first bar on the graph depicts the response time for the HC-130 to deploy GA personnel
to support the pilot. With longer helicopter response times, this resource is vital for supporting
the pilot in the extreme arctic environment. The next bar depicts GA personnel providing life
support to the pilot as they wait for the helicopters. The third bar depicts the response of the HH60 from Fairbanks arriving to the crash site and recovering the pilot and GA personnel. The
fourth bar depicts the flight to Wainwright to meet the HC-130 medivac aircraft. The fifth bar
depicts the response time for the Anchorage HH-60, which was not needed for this rescue since
the Fairbanks HH-60 arrived first. The last bar depicts the medivac of the pilot to a hospital in
Fairbanks. All in all, this rescue takes roughly 7 hours and 30 minutes to complete.
Comparing the NSBSAR rescue with the AKANG rescue, the value of utilizing the NSBSAR
S-92 is nearly three hours of response time. It is important to highlight that the S-92 aircraft are a
newly acquired asset by the NSBSAR. NSBSAR’s other helicopters, which are Bell 412s, would
be unable to respond in this particular scenario because Bell 412s cannot fly offshore. In this
regard, the NSBSAR’s acquisition of S-92 helicopters increases the likelihood that any offshore
accidents would be survivable.
If bad weather prevents any helicopters from reaching the crash site, the RCC may attempt a
ground rescue using the volunteer SAR personnel from Wainwright, or place GA personnel.
Depending on the water and ice conditions, volunteer SAR personnel in Wainwright could use
boats or snow machines to reach the pilot and provide assistance. Alternatively, if the HH-60s
109

cannot reach the crash site but can land relatively close by, they could put GA personnel on the
ground to transit to the pilot and bring him back to the aircraft.
Weather Analysis
Bad weather could affect every aspect of the SAR response leading to mission failure or
delay. Table C.1, shown below, depicts how likely it is that different weather conditions would
impact the SAR response. Impact thresholds were generated from discussions with AKANG
SMEs on what weather conditions impact their operational effectiveness. For certain variables,
such as temperature, the value is somewhat subjective, and it reflects the temperature below
which GA personnel would struggle to provide medical care. Estimates of prevalence were
generated from Barrow Airport meteorological aerodrome report (METAR) data measured
between 2005 and 2015. These figures represent the percentage of time that the weather
condition in Barrow fell below the impact threshold.
Table C.1. Prevalence and Impact of Arctic Weather Conditions in April
Weather

Key Impact

125

Impact Threshold

% Prevalence in April

Temperature

O
Medical care, survival times -20 F

1.78%

Visibility

Locating pilot, helicopter
ops, airdrop

1 mile

6.86%

Icing Conditions

Helicopter ops

Precipitation, temp < 0

44.22%

Cloud Ceiling

Airdrop

500

5.89%

Winds

Airdrop

20 knots

5.61%

The variable with the greatest potential to influence SAR operations (at 44% prevalence) is
icing conditions that would disrupt helicopter operations on the North Slope. Deicing systems in
both the S-92 and the HH-60 can allow helicopters to fly through some level of icing conditions,
but not through more severe icing conditions. Other threats to the SAR response come from a
low ceiling and high winds, which could impact the airdrop of support resources roughly 5-6%
of the time.
For the Air Force HH-60s, having to transit from Anchorage and Fairbanks to the crash site
means that they are susceptible to bad weather conditions across the state. Poor visibility or icing
conditions, particularly through the Alaska Range and the Brooks Range, could halt their
response. The table below shows the prevalence of poor visibility and icing conditions in
Fairbanks and Anchorage, and through the Anatuvuk Pass and Chulitna, used to represent the
Brooks Range and Alaska Range, respectively.

125

These impact thresholds come from interviews with AKANG pilots discussing operational capabilities.
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Table C.2. Prevalence of Critical Visibility and Icing Condition Thresholds in April
Location

Visibility (% < 1 mile)

Icing Cond. (%)

Fairbanks

0.09%

5.78%

Anchorage

0.62%

4.18%

Anatuvuk Pass

1.29%

6.53%

Chulitna

5.25%

16.15%

The greatest bottleneck for helicopter operations in April appears to be through the Alaska
Range, represented by Chulitna. The Brooks Range has very low prevalence of both bad
visibility and icing conditions, making it more likely that helicopters would be able to respond
from Fairbanks than from Anchorage. It is important to note, however, that in mountain ranges,
weather is localized and data from one location is not representative of data through the entire
pass. This means that these estimates could be substantially lower than the true prevalence of
these conditions.
Icing conditions present the largest threat to the SAR response by preventing helicopters
from responding. High winds or a low ceiling could prevent airdrop of support personnel and
resources. Both of these failure points could delay the response and lead to the loss of life or
limb.

Sensitivity
This section addresses how sensitive the depicted response is to changes in two key
variables: the pilot’s location and the time of year.
As far as location is concerned, an F-22 ejection in a different geographic location would not
drastically change the response. If the pilot’s location was within NSBSAR’s 300 mile range,
than the RCC would still request their support. If the pilot’s location was outside of that range,
than the AKANG would need to respond. Refueling helicopters and HC-130s enable the
projection of AKANG SAR resources anywhere on the North Slope, without substantially
lengthening response times. The same potential weather delays are still an issue for the
helicopters, and GA support would be required in the interim.
Varying the time of year would affect the pilot’s survivability window and thus alter the
sense of urgency of the response. For one, the time of year affects the presence or absence of sea
ice. An ejection in the late spring, summer, or fall would increase the likelihood that the pilot
lands in water. Submersion in the Arctic Ocean would greatly shorten the survival window of the
pilot. In that case, a quick response would be essential and the pilot’s ability to utilize the life raft
could determine his/her survival. A winter or early spring ejection would feature more sea ice
and colder air temperatures. Keeping the pilot out of the water increases the likelihood of
survival, but the cold air temperatures (the average temperature in Barrow in January is -9.8o F)
still necessitate a rapid response.
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Appendix D: Aeronautical SAR Scenario Analysis

Scenario
On January 7th, 2017, United Airlines Flight 179 from Newark to Hong Kong takes off with
400 passengers on board.126 This flight takes a polar route flying near the North Pole and passing
through Russian airspace on its way to Hong Kong. Seven hours into the flight, while flying
north of Alaska, the Boeing 777 experiences a dual flameout and loses power to both engines.
The pilots attempt to restart the engines, but the unseasonably cold Arctic air prevents the fuel
from flowing to the engines and neither engine restarts. By now, the aircraft has lost 15,000 feet
of altitude and is too low to make it to Barrow, the nearest diversion airport.127 In an effort to aid
rescuers, the pilots turn towards Barrow, put the aircraft at maximum glide angle, and prepare to
make a controlled landing on the pack ice. The pilots execute an instrument landing on a flat
patch of first-year sea ice. The plane skids across the sea ice crippling the landing gear. The right
wing snaps off on an errant chuck of ice, which causes the cabin to rip open just aft of the wing.
There are a few casualties and a number of seriously injured passengers, but the majority of
passengers suffer only minor injuries. The crash occurs at 8:00 PM. The plane is in the U.S.
Arctic SAR AOR at coordinates: 75o 20’ N, 148o 00’ W. In early January, this part of the Arctic
experiences 24 hours of darkness with sea ice covering the entire Artic Ocean. The location of
the aircraft is 330 miles northeast of Barrow and 350 north of Prudhoe Bay. A map of the crash
site, with distances to key cities, is shown below in Figure C.5.

126

This is a real daily flight that flies a Boeing 777 aircraft, which can seat 400 passengers.

127

This scenario mimics Singapore Airlines flight 836 which experienced a dual flameout over the South China Sea
and lost 13,000 feet of altitude before being able to restart the engines. For more info see:
http://www.businessinsider.com/heres-what-a-pilot-is-thinking-when-a-plane-loses-all-of-its-engines-2015-5
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Figure C.5. Location and Distances of Aeronautical SAR Scenario

Analysis
The analysis depicted here is informed by attending an Arctic Zephyr, an Arctic SAR
exercise that featured the rescue of a downed airliner, and by conducting semi-structured
interviews with SMEs from the AKANG, the Coast Guard, the North Slope Borough, and the
Army. The SAR response for a downed airliner would have the following structure: 1) locate the
aircraft as quickly as possible and establish an on-scene commander; 2) provide life support for
the passengers and crew while the rescue can be coordinated; 3) use helicopters to transport all
personnel back to Barrow and Prudhoe Bay; 4) erect receiving facilities to support passengers as
they await flights, and; 5) charter commercial aircraft to bring passengers off North Slope.
This analysis builds off the structure provided by Arctic Zephyr to assess the feasibility of
the rescue by constructing a realistic timeline of the response while tracking personnel rescued,
estimating the logistics requirements, and examining failure points. Overall, this analysis
addresses how prepared the U.S. is to handle a stressing aeronautical SAR scenario in the Arctic.
Report:
The report phase is complete when the AKRCC receives notification of the Boeing 777’s
crash and need of rescue. Notification can be either active, with the pilots utilizing the plane’s
communication systems, or passive, via the plane’s rescue beacons or tracking systems.
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For active communication, the plane has VHF, HF, and satellite communications systems.
The plane’s location, at 75o N, put it out of line line-of-sight range of shore-based ground
stations. As a result, only HF radio and satellite communications systems would both be viable
options for communicating distress. Boeing aircraft are supported by the Iridium Satellite
constellation, which should enable it to communicate all the way to the North Pole. HF radio
waves can travel for long distances, the longer wavelength reflection of the ionosphere, enabling
communications from far off shore.
For passive communications systems, the plane has an Automatic Dependent SurveillanceBroadcast (ADS-B) transceiver as well as an ELT, both of which should provide reliable position
information of the aircraft. Upgrades to the ADS-B system following the MH-370 disappearance
require aircraft to report their position every 15 minutes. This would enable the FAA to notice
the anomaly in the flight path and track the plane to the ground. The ELT, if activated by the
crash or manually by the pilots, would also provide position information to rescue forces.
Locate:
The locate task is complete when the RCC confirms the location of the aircraft and
establishes an on-scene commander (OSC). Position information from the pilots, ELT, or ADS-B
transceiver would provide the RCC with multiple reports of the planes location, which it would
seek to confirm by tasking an aircraft to respond.
To locate the aircraft, the RCC would likely request one of three aircraft: NSBSAR’s Learjet
31A, AKANG’s HC-130s, or Joint Base Elmendorf-Richardson’s (JBER’s) F-22s. All three
aircraft are standing alert, the first two SAR and the F-22 for NORAD’s Air Sovereignty
mission, when enables rapid response times. Assuming a 30-minute time-to-takeoff and average
cruising velocities, the estimated response times are depicted in the table below:
Table C.3. Response Times for First Aircraft Arriving On-scene
Aircraft
NSBSAR Lear Jet 31a

Capability

Response Time
(h:mm)

Confirm position

1:08

11 AF F-22

Confirm position, collect
information with sensors

1:18

AKANG HC-130

Confirm position, airdrop
resources, experience as
OSC

3:26

th

The NSBSAR Lear Jet has the quickest response time, but offers very little capability besides
confirming the position of the aircraft. The F-22 could arrive ten minutes after the Lear Jet, but
could use its sensor package to collect information for the RCC. The HC-130 would be able to
arrive two hours after the F-22, but has the benefit of experience coordinating SAR missions and
can airdrop personnel and resources. Based on this, the RCC would likely request both the F-22
and the HC-130 to respond; the F-22 would arrive first to locate the aircraft and collect
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intelligence on the crash site, and the HC-130 would follow with air-droppable resources to
support the passengers and greater persistence to serve as the OSC.
Once on-scene, the response aircraft would need to locate the aircraft in the darkness. NVGs,
direction finding capabilities, and a forward looking infrared sensor are tools that could be
utilized to help locate the aircraft at night. With a large heat signature on the ice, and GPS
coordinates from multiple sources, these aircraft should not have a problem locating the aircraft.
Support:
The support task is complete when rescue forces provide the passengers with the necessary
medical support and survival resources they need until rescue forces arrive. To do this, the RCC
would request deployment of the AKANG’s air-droppable Arctic Sustainment Package (ASP).
The ASP (designed to provide life sustainment for 26 people for 72 hours) could be
airdropped by a HC-130 or a C-17. Both the HC-130 and C-17 provide value to the SAR
response. The HC-130 is on alert and could be deployed rapidly to respond. The C-17, while not
on alert, flies quicker than the HC-130 and has greater capacity for personnel and resources.
Table C.4, shown below, depicts the response times and capabilities of the two aircraft in
responding to the SAR case. Time to takeoff assumptions come from interviews with AKANG
SMEs. Response times assume that it takes 15 minutes to airdrop resources once the aircraft
arrive on scene.
Table C.4. Response Times to Drop Support Personnel and Resources to Downed Airliner
Response Aircraft

Time to Takeoff

Time to Airdrop (h:mm)

Equipment Carried

HC-130

0:30

3:41

ASP & 4 GA personnel

C-17

4:00

6:09

Tents, food, water, 4
Brigade Combat Team
personnel, GA personnel

th

The HC-130, though flying slower than the C-17, could airdrop personnel and resources
much quick than the C-17 due its more rapid alert status. As a result, the AKRCC would request
the HC-130 to airdrop the ASP with the four GA personnel also on alert. The C-17, with a four
hour time-to-takeoff (accounting for the time to recall the flight crew, prepare the aircraft,
mission plan, and approve a waiver for breaking crew rest),128 could airdrop resources roughly
six hours after initial notification. With the additional time to prepare and additional space on the
aircraft, the C-17 would be able to airdrop more personnel and resources to the crash site. For
resources, this could include additional stores of survival resources (tents, food, water, warm
clothing etc.). For personnel, in addition to recalled GA forces, the RCC has an agreement with
128

Generally, the C-17 crew would need to observer 12-hours of crew rest before flying. Due to the urgency of this
mission, however, this requirement would likely be waived by leadership to enable a more rapid response.

115

the Army’s 4th Brigade Combat Team to be able to utilize additional personnel for deployment of
the ASP and SAR support. Within seven hours of initial notification, the AKANG could deploy
two rounds of support resources to the crash site.
With 400 passengers needing varying levels of support, however, the airdropped resources
may be insufficient. For additional capability, the RCC could request support from the Canadian
Armed Forces Search and Rescue (CAFSAR). CAFSAR maintains major air disaster (MAJAID)
kits for up to 320 personnel that are specifically designed to support major airplane crashes.
These kits are 3000 miles away in Trenton, Ontario, so it would take a long time for them to
arrive on scene. As an estimate, assuming it takes four hours to recall aircrew and load the
aircraft and nine hours to fly to the crash site, it would be at least 13 hours before these kits could
arrive. While the capability of MAJAIDs is very useful, the long response time may be too late
for some passengers.
Support personnel arriving on scene would need to assess the situation, triage the patients,
provide medical support where possible, and communicate a situation report to the RCC to help
plan the next phase of the response. A severe lack of resources and personnel would require them
to rely chiefly on the fuselage to provide shelter and the plane’s resources (blankets, food and
water, carry-on luggage) to keep survivors alive. At best, the ASP could be set up to provide a
medical tent to treat and triage patients, and serve as a staging area for passengers to await rescue
aircraft. Success in the support task would hinge less on rescue personnel’s medical and survival
skillset, since the need for these tasks likely overwhelms their abilities, and more on their ability
to organize and direct the surviving passengers in utilizing the plane’s resources to support the
group.
Recover:
The recover task is complete when all personnel arrive back on the North Slope, receive the
appropriate medical care, and are flown home. Since the Maritime SAR scenario addresses both
establishing shore side receiving facilities and chartering aircraft, this analysis focuses on the
operation to recover passengers from the crash site. With so many people requiring rescue, this is
a difficult task.
The two primary obstacles from a SAR standpoint are fuel logistics and aircraft capacities.
Focusing on fuel logistics, the crash site is over 300 miles away from the nearest airport making
it unreachable without refueling for most all of the helicopters in the state. The exception is
AKANG HH-60s, which can aerial refuel off their HC-130 counterpart. To solve this problem,
and enable additional helicopters to take part in the rescue, remote refueling sites would need to
set up on the pack ice to enable helicopter to refuel to and from the crash site. Army CH-47s,
based in Fairbanks, can provide this capability by setting up forward arming and refueling points
(FARPs). According to SMEs, this could be possible depending on an assessment of the state of
the pack ice.
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Focusing on aircraft capacities, coordinating the helicopter rescue for over 400+ personnel
requires the utilization of large numbers of helicopters from around the state. Requesting
assistance from the NSBSAR, Active Duty Army, and the Coast Guard can greatly aid rescuing
capacity. Additionally, the Army’s CH-47 heavy lift helicopters can transport large numbers of
people, up to 70 people per load if seats are removed.129 Utilizing these helicopters greatly
reduces the number of helicopter sorties required for the rescue mission. However, these
helicopters lack the range to reach the crash site on their own, and would need to be refueled by
other CH-47s providing FARP capability.
Army CH-47 aircraft are critical to the recovery effort because they can: 1) rescue large
numbers of people, and; 2) set up FARPs to enable other aircraft to reach the crash site. The
challenge in both cases is logistical. CH-47s SMEs provided the following aircraft performance
assumptions, which I use in my analysis:
(1) 2.5 hours of flight time at 110 knots when not loaded (2,000 lbs. per hour fuel burn rate)
(2) 1.4 hours of flight time at 110 knots when fully loaded (3,500 lbs. per hour fuel burn rate)
(3) FARPs with internal tanks carrying 15,000 lbs. of fuel for three full refueling (5,000 lbs.
tank)
Based on these assumptions, a CH-47 can execute a rescue at 115 miles on one full fuel tank
(not loaded on the way there, fully loaded on the way back). Since the crash site is 330 miles
away from Barrow, and 350 miles away from Prudhoe Bay, multiple refuels would be needed to
reach the crash site. Flying from Barrow, the CH-47 would need to be refueled at 115 miles and
at 230 miles. Flying from Prudhoe Bay would require an additional refueling at 345 miles, just
prior to reaching the crash site. Because of the geography, it makes sense for CH-47s going to
rescue passengers to operate out of Barrow rather than Prudhoe Bay.
Examining the FARP logistical requirement, a CH-47 providing FARP capability at a range
beyond 115 miles (the range of one fuel tank) would also need to refuel itself. Thus, to enable
one CH-47 to reach the crash site from Barrow, a CH-47 FARP would provide two full refuels to
the rescuing CH-47, and one to itself. These three refuels would exhaust its entire internal tank
capacity. In this instance, at a range of 330 miles, one CH-47 FARP can fully support the rescue
operation of another CH-47. For a rescue beyond 345 miles, however, additional aircraft would
be needed to provide additional logistical support.
Based on correspondence with a CH-47 SME, it is realistic to assume that five aircraft could
be made available to support this rescue mission. Based on the logistical requirements outlined
above, it would make the most sense to utilize two CH-47s to rescue passengers, two CH-47s to
provide FARPs for their rescuing counterparts, and one CH-47 to provide a FARP capability for
other aircraft participating in the rescue.
129

E-mail correspondence with CH-47 SME from UATF.
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With an additional CH-47 to provide a refueling point, the RCC would request all available
helicopters to respond. This includes requests to the NSBSAR, AKANG, USCG, and Active
Duty Army. Other possible participants, not included in my analysis, include the Army National
Guard and commercial helicopter companies operating on the North Slope. To spread out
logistics, these helicopters with one FARP would operate out of Prudhoe Bay, while the other
CH-47s, the NSBSAR S-92, and the AKANG HH-60s would operate out of Barrow. Barrow
supports the bulk of operations because it is closer to the crash site, and has more fuel on hand.
Table C.5, shown below, depicts operating characteristics of all helicopters participating in
this response effort. A number of assumptions underlie the figures depicted in this table. For
number of assets available, SMEs provided reasonable estimates for the number of aircraft that
could participate. Capacities, response radius and speeds are also performance estimates
provided by SMEs of the assets operational capabilities.130 When an SME estimate was not
available, I used published values.
Table C.5. Operating Assumptions for SAR Response by SAR Asset
Organization

Asset

Number
Available

Capacity
(litters/ppl)

Response Radius
(nm)

Speed (knts)

NSBSAR

S-92

1 of 2

8/19

300

150

AKANG

HH-60

4 of 6

4/8

200

130

Coast Guard

MH-60

3 of 6

4/12

300

130

Army

CH-47

5 of 12

24/70

200

110

Army

HH-60

8 of 15

4/12

250

130

Looking at the first line, the NSBSAR has personnel to provide one S-92, which can carry
eight personnel in litters, or 19 ambulatory passengers. This asset has a response radius of 300
nautical miles and flies at a cruise speed of 150 knots. These performance characteristics are
used to construct a realistic timeline of the recovery operation.
The table below outlines the calculations made to support the construction of the timeline.
The second column, operating location, represents the airport that the asset will use to refuel and
offload passengers. The third column, time to takeoff, represents the amount of time before the
aircraft leaves its home airport. The fourth column, flight time to operating location, is the time it
takes for the asset to reach its operating location. If the asset flies directly to the crash site, in the
case of the AKANG and NSBSAR, then this column is left blank. The fifth column represents
the flight time from operating location to crash site, and the sixth column represents how much
fuel is consumed during for a round-trip rescue. Response times were calculated using the Arctic
SAR model.
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In some cases, these estimates differ considerably from manufacturers published performance characteristics.
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Table C.6. Calculations to Support Response Timeline by SAR Asset

Asset

Time to
Takeoff
(hr.)

Operating
Location

Flight Time To
Operating
Location (h:mm)

Flight Time from
Operating Location
to Crash Site (h:mm)

Fuel Used
per Trip
(gals)

NSBSAR S-92

Barrow

0.5

N/A

1:54

760

AKANG HH-60

Barrow

0.5/4

N/A

2:12

714

USCG MH-60

Prudhoe Bay

4

7:18

2:20

757

Army CH-47

Barrow &
Prudhoe Bay

4

5:28/4:26

2:36
(from Barrow)

2109

Army HH-60

Prudhoe Bay

12

4:48

2:20

757

The NSBSAR S-92, the AKANG HH-60 and four Army CH-47s operate out of Barrow,
while the USCG MH-60s, Army HH-60s, and one CH-47 FARP operate out of Prudhoe Bay.131
In the case of the AKANG HH-60, the first aircraft on alert will take off within 30 minutes, and
the other three available will take off four hours later to account for time to recall personnel and
prep the aircraft. For the CH-47s, it takes longer to get to Barrow than Prudhoe Bay, and the fuel
requirement is much more substantial.
Using the calculations and assumptions from the tables above, I construct two realistic
timelines for the SAR response. The first timeline models the response for aircraft operating out
of Barrow, and the second timeline models the response for aircraft operating out of Deadhorse.
With each timeline, I also graph the number of people rescue as a function of time, and the
amount of fuel taken from local fuel tanks as a function of time. The number of people rescued is
important for determining scenario completion. In total, I assume that between aircraft
passengers and SAR responders airdropped into the crash site, 450 people need rescued. The fuel
expenditure is important for determining if the SAR response is feasible, and will not overdraw
the local supplies.
Figure C.6, shown below, depicts the response timeline for operations out of Prudhoe Bay,
with graphs of fuel logistics and personnel rescued. Each bar in the graph represents one rescue
sortie. The label of each bar in the graph depicts the name of the asset on the top line, and that
particular sorties initial location, destination, and return location. For example, the first bar in the
graph, labeled AF HH-60 (x1), is for the one HH-60 on alert status. The second line, AnchorCrash-Barrow, signifies that the aircraft flew from Anchorage, to the crash site to recover
passengers, and back to Barrow during that particular sortie. The next bar depicts the second
rescue sortie for that same aircraft. The label, “Barrow-Crash-Barrow”, represents that the
aircraft took off from Barrow, rescued passengers at the crash site, and returned to Barrow.
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Note that this is one potential construct for the SAR response designed to balance the logistical burden.
Alternative constructs would also work based on aircraft availability, fuel logistics, and distance to the crash site.
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Figure C.6. Barrow Timeline, Fuel Consumption, and Personnel Recovered for Aeronautical SAR Scenario
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Examining the timeline, the first three bars of the graph represent the three sorties conducted
by the AKANG HH-60 on alert in Anchorage. Flying from Anchorage, the HH-60 has a 30minute time to takeoff, takes seven hours and six minutes to reach the crash site (an output from
the ArcGIS Arctic SAR Model), takes 30 minutes to load passengers, takes two hours and twelve
minutes to return from the crash site to Barrow, and takes 30 minutes to offload passengers and
switch crews in preparation for the next sortie. Tracking personnel rescued, the first rescued
passengers arrive to Barrow at 6:18 AM, shown as the first uptick on the red line in the bottom
graph. The simultaneous jump in the blue line, representing fuel used from Barrow fuel tanks,
shows the fuel used to refuel the HH-60. While this aircraft aerial refuels from the HC-130 while
inflight, it is assumed that it refuels at Barrow when it offloads passengers.132
The next three bars on the graph represent the other three AKANG HH-60 that can respond.
These three aircraft have a four-hour time to takeoff, and each fly two sorties. In total, the first
five bars represent the AKANG HH-60 contribution to the rescue effort. These aircraft fly a total
of nine sorties and rescue 72 passengers.
The next two bars on the graph represent three rescue sorties carried out by CH-47s. These
aircraft are able to reach the crash site with FARPs set up by two accompanying CH-47s. On the
first sortie, these aircraft have a four-hour time to takeoff and transit to the crash site in nine
hours and seven minutes. This long response time to the crash site also involves these four
aircraft refueling in Barrow, which can be seen by the first large jump in the Barrow Fuel Used
line. These two sorties, with the capacity to rescue 70 passengers per aircraft, provide for the
rescue of 208 passengers and rescue personnel (the second sortie picks up the last 68 passengers
and help bring back the airdropped rescue equipment).
The last two bars represent two sorties flown by NSBSAR S-92s. Since these aircraft require
refueling to reach the crash site, they cannot leave until the CH-47s arrive and can provide the S92 with remote refueling capability. This constraint delays the NSBSAR time to take off from a
typical 30 minutes to a much longer nine hours and 20 minutes. In total, the two S-92 missions
provide for the rescue of 38 passengers.
Summing up operations out of Barrow, it takes 17 helicopter sorties using 14,700 gallons of
fuel to rescue 318 people. The CH-47s used the most fuel while rescuing the most passengers. In
comparison, the logistics footprint of the HH-60s and S-92s is relatively small, particularly early
on in the operation. The last person from the crash site arrives into Barrow at 22:00 on January
8th, roughly 26 hours after the crash.
Switching locations to Prudhoe Bay, the SAR operation involves one CH-47 FARP
supporting three USCG MH-60s, and eight Army HH-60s. Figure C.7, shown below, depicts the
timeline of the SAR response from Prudhoe Bay.
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From an accounting standpoint if the HC-130 refuels in Barrow, and then the HH-60 refuels off the HC-130, that
fuel would be from Barrow as well. This means that, after the first sortie, almost all fuel used by either aircraft
would have originated in Barrow.

121

Figure C.7. Prudhoe Bay Timeline, Fuel Consumption, and Personnel Recovered for Aeronautical SAR Scenario
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Examining the timeline, the top bar represents the CH-47 FARP that provides remote
refueling capabilities to the other aircraft. The CH-47 takes off from Fairbanks four hours after
notification, flies to Prudhoe Bay in three hours and thirty minutes refueling from its FARP tanks
along the way, takes 30 minutes to refuel itself in Prudhoe Bay, and then flies onto the sea ice to
set up a FARP for the other aircraft. The CH-47 remains on the ice providing fuel to the USCG
and Army aircraft until the last Army helicopter refuels on its way back from the crash site.
The second bar represents the USCG portion of the SAR response. Three MH-60 helicopters
take off from Kodaik and fly to the crash site. The quickest way to the Arctic, based on the
Arctic SAR model and assuming weather allows, is to refuel in Fairbanks en route to Prudhoe
Bay. This route has the MH-60 helicopters arriving in an estimate seven hours and eighteen
minutes. From there, they refuel and fly to the crash site where they rescue 36 passengers and
return to Prudhoe Bay. On the bottom graph, USCG refueling is captured with the jump spike in
personnel rescued, and the second jump in fuel usage.
The bottom bar represents the Army HH-60 participation in the SAR response. These aircraft
provide a substantial boost in SAR capacity, contributing eight helicopters to the effort. These
aircraft rescue 96 passengers and arrive back in Barrow at 4:25 PM. Only one sortie is needed
from these helicopters, which means additional aircrew are not needed to execute these missions.
In total, there are eleven helicopter sorties to the crash site, each of which needs additional
fuel to complete the trip. To conserve fuel in the FARP, each helicopter would only take the
required fuel to complete the trip. Since each helicopter only needs a range extension of roughly
100 miles to safely execute the mission, a fuel requirement of roughly 1000 pounds, one fully
loaded FARP (with 15000 pounds of fuel) could fully support all 11 helicopter sorties.
In total, the SAR operation out of Prudhoe Bay rescues 132 with eleven helicopter sorties
that require 11,200 gallons of fuel. The eight Army HH-60s use the most fuel while rescuing the
most people. The fuel required in Prudhoe Bay is less than the fuel required in Barrow due to the
large fuel requirement of the rescuing CH-47s and their supporting FARPs. The last person from
the airliner offloads in Prudhoe Bay at 4:00 PM, roughly 20 hours after the accident. At this time,
the last Army CH-47 from Barrow is flying to rescue the last of the personnel from the crash site
and no other helicopter sorties are required.
Summing up the recovery task, helicopter operations out of Barrow and Prudhoe Bay
combine to rescue all 450 personnel (400 passengers and crew plus 50 airdropped support
personnel) in just over 26 hours while consuming 27,600 gallons of fuel. The response hinges on
the FARP capability of the Army CH-47s, which enable helicopters from around the state to
participate in the rescue, and enable other CH-47s to reach the downed airliner and rescue up to
70 people per sortie. Air Force HH-60s are the first aircraft on-scene, using aerial refueling
capability to arrive in just over seven hours. The NSBSAR S-92s have greater capacity than the
capacity of any DoD/DHS helicopters (with the exception of the CH-47), as well as the quickest
response time to locations in the Arctic. These two traits make them a phenomenal asset for
Arctic SAR.

While the passengers are not yet home, bringing them to an airport is the most difficult
aspect of the response. At this point, rescue forces would turn the passengers over to the shoreside receiving facilities set up in Barrow and Prudhoe Bay. The receiving facilities would
provide medical and survival support until chartered aircraft could be arranged to bring people
home. For those requiring a higher level of medical care, medivacs would need to be coordinated
to bring the injured to hospitals in Fairbanks and/or Anchorage. The goal would be to have the
airline coordinate chartered aircraft so that the rescued passengers could be moved straight to the
aircraft and not have to rely on community resources. One potential failure point is the lack of
medical services available on the North Slope. If survivors need a higher level of care they
would need to be medevac’d to Fairbanks or Anchorage. The availability of aircraft and runway
space to support these medevacs may be an issue, and the additional time required to conduct
these medivacs creates an additional risk to survivors.
Fuel Logistics
Due to the large reliance on air operations in the SAR response, fuel logistics is a potential
failure point that needs to be examined. Aircraft that are required for the SAR response include
the helicopters operating out of Barrow and Prudhoe Bay, USCG C-130 aircraft to serve as the
OSC, AKANG HC-130 aircraft to provide aerial refueling, and chartered aircraft to bring
personnel home. The table below summarizes the estimated fuel consumption of the SAR
response broken down by Barrow and Deadhorse.
Table C.7. Fuel Logistics for Aeronautical SAR Scenario
Asset

Sorties from North
Slope

Fuel per
Sortie

Fuel Required Barrow
(gal)

Fuel Required Prudhoe
Bay (gal)

Barrow Helicopters

19

Varies

Prudhoe Bay
Helicopters

11

Varies

USCG HC-130s

4

8,000

32,000

AKANG HC-130s

6

4,000

24,000

Chartered Aircraft

6

6,000

18,000

18,000

Total

46

92,000

29,200

18,000
11,200

It total, the SAR response will require an estimated 121,200 gallons of fuel to support all 51
sorties. Barrow would likely carry the larger fuel requirement, using 92,000 gallons verses
29,200 in Prudhoe Bay. The Coast Guard HC-130s would provide sustained OSC presence
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during the duration of the rescue effort,133 with the AKANG HC-130s occupied providing aerial
refueling to the HH-60s executing the rescue missions. The HC-130s use less fuel per sortie
because they give much of their fuel to the HH-60s, which is counted in the helicopter response.
The estimate for chartered aircraft comes from fuel requirements for a 737, and assumes six
sorties, which is a conservative estimate that includes passenger evacuations and personnel
arriving to support the rescue mission.
In Barrow, one fuel barge arrives in either August or September to provide the village with
1.2 million gallons of jet fuel, enough fuel to last the entire year.134 By January, the tanks may
have dropped to 800,000 gallons (assuming 33% consumption in 33% of the year), but this is
still an ample supply of jet fuel to easily absorb the 92,000 gallons demanded by the SAR
operation. This fuel is intended for the community, however, and would likely need to be
resupplied to ensure Barrow has ample fuel to provide for the community until the next annual
fuel resupply.
In Prudhoe Bay, jet fuel tanks can hold 40,000 gallons, and are restocked on a regular
basis.135 While this is considerably less than the capacity in Barrow, secure supply lines make
any necessary resupply significantly easier. Additional fuel can come from refineries in the
Prudhoe Bay region or from oil trucks coming up the Dalton Highway. For the SAR response,
the 40,000 gallon tanks should have adequate fuel to support the helicopter operations and the
chartered aircraft. If the fuel available in Barrow and Deadhorse is insufficient to meet this
demand, additional fuel can come by C-17, C-130, or a commercial fuel distribution company.
SAR planners would need to consider these fuel constraints and plan to operate the HC-130s out
of Barrow, taking on the additional cost of resupplying community fuel. Overall, ample fuel
availability in both Barrow and Deadhorse would allow the SAR response to progress
unhindered by this potential constraint.
Weather
Two key features of this scenario are helicopter operations across the state and onto sea ice,
and airdropping of support personnel and resources, both of which could be disrupted by Arctic
weather. The table below uses the average January weather in Barrow Alaska from 2006-2015 to
depict how likely weather is to impact different parts of the SAR operation.
Table C.8. Prevalence and Impact of Arctic Weather Conditions in January
Environmental Condition

Key Impact

Impact Threshold

133

% Prevalence

The feasibility of and timeline for maintaining a constant OSC presence with Coast Guard HC-130s is examined
in the Maritime SAR scenario analysis.

134

Interview with Eskimos Inc., fuel providers at Barrow’s Wiley Post Airport, May 6, 2016.

135

Interview with Colville Inc. Employee, Fuel Providers at Deadhorse Airport, May 6, 2016.
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Temperature

O
Medical care, survival times -20 F

24.4%

Visibility

Location of crash site,
helicopter refueling, airdrop

1 mile

6.1%

Icing Conditions

Helicopter operations

Precip, temp < 0

35.7%

Ceiling

Airdrop

500

2.7%

Winds

Airdrop

20 knots

0.9%

The most substantial potential weather impact on this scenario is that icing conditions would
prevent helicopter operations. In Barrow in January, icing conditions occur roughly 35% of the
time. While most responding helicopters have deicing capability to handle routine icing
conditions, the extreme conditions of the Arctic can quickly overwhelm these systems.136 The
loss of the CH-47s due to icing would have the largest impact to the operation as it would
prevent other aircraft from responding as well.
Parachuting with gear, at night, onto Arctic sea ice would be a significant challenge, and bad
weather at the crash site could derail this effort. The HC-130 and C-17 need a cloud ceiling
higher than 500 feet to drop personnel and resources safely. In Barrow, the nearest weather
reporting site, the ceiling is less than 500 feet 2.7% of the time in January. Winds could also
affect the airdrop by making it more dangerous and less accurate. It would likely not prevent the
airdrop, as the direness of the situation would lead to increased risk acceptance, but it greatly
increases the riskiness of the task.137
Because helicopters need to transit from bases in southern Alaska to the North Slope,
weather across the state would influence the ability of helicopters to respond to the SAR case. As
previously mentioned, visibility and icing are the most common weather conditions that halt
helicopters. The table below lists the prevalence of these two weather conditions at key locations
around the state.
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Interview with USCG MH-60 Jayhawk pilots.
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In the closest parallel to this case, Canadian SAR Techs jumped into a downed C-130 at night, in October, in 40
knot winds. Some landed away from the crash site and had to navigate back to the downed aircraft and find their
137
personnel using flares . Additionally, the high winds caused them to lose gear that was airdropped when it was
swept away from the crash site. While the rescue was ultimately successful, and it indicates the lengths SAR
responders will go to save lives, it also serves as a cautionary tale that illustrates the difficulties in fighting against
Arctic weather.
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Table C.9. Prevalence of Critical Visibility and Icing Condition Thresholds in January
Visibility
(% < 0.5 mile)

Icing Cond
(% exist)

Barrow

6.07%

6.12%

Prudhoe Bay

5.82%

32.59%

Fairbanks

3.69%

19.21%

Anchorage

2.85%

23.60%

Anatuvuk Pass (Brooks Range)

1.70%

0.00%

Chulitna (Alaska Range)

11.35%

30.19%

Icing conditions are a large factor in January across the state, occurring roughly one third of
the time in Prudhoe Bay and the Alaska Range. High incidence of poor visibility through the
Alaska Range is a considerable choke point for AKANG helicopters coming from Anchorage,
while the weather through the Brooks Range appears tamer and less likely to be problematic for
other helicopters responding from Fairbanks. In Fairbanks, human-induced icing conditions are a
considerable challenge as well. According to one UATF SME, the mountains around Fairbanks
trap the moisture from automobile exhaust creating a layer of ice fog that can sit directly over the
city and shut down helicopter operations. By his estimate, this occurs roughly 30% of the time in
January.138 It is unclear if the METAR data captures this phenomenon accurately, but the
METAR data analysis indicates that this occurs roughly 20% of the time.

Sensitivity
This section addresses how sensitive the depicted response is to changes in three key
variables: time of year, location, and number of isolated personnel.
Varying the time of year would affect the survivability of the crash, and greatly reduce the
number of assets that could respond. The plane crash is most survivable in winter when sea ice
covers the entire Arctic Ocean and presents a hard and relatively flat surface for the plane to land
on. If the plane crash occurred during the late spring, summer, or fall, the sea ice would be
breaking up, the “runway” would be much bumpier, and survival times in the ice-cold water
without appropriate clothing are very short. On the response side, the lack of seasonal sea ice
would prevent CH-47s from being able to provide the remote refueling needed by many of the
responding helicopters. Without these assets, only the Air Force HH-60 would be able to
respond, and it certainly could not conduct the entire rescue alone.
Figure C.8, shown below, depicts how these two variables—number of people requiring
rescue, and distance north of Barrow—affect which assets are best suited to respond to the SAR
case. The distance from Barrow is plotted on the Y-axis, and the number of people requiring
138

Interview with UATF SME, September 8, 2015.
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rescue is plotted on the X-axis. Each box represents the range (of distance and number of people)
in which the asset listed is best suited to execute the SAR response.
Figure C.8. Most Suitable SAR Asset as a Function of Distance and Number or People

Examining the figure, the bottom left box shoes the NSBSAR S-92 as the most capable asset
for responding to cases that are relatively close to Barrow (S-92 has a range of 300 nm) and
involve relatively few people. This asset is on alert and can respond is roughly one hour or more.
The darker green box represents the SAR case presented in the scenario above. Here, the large
numbers of people at a distance of over 300 miles from shore necessitates a response with all
available helicopters responding with the assistance of CH-47 FARP capability.
Varying location (moving along the y-axis in Figure C.8), the response becomes more
difficult if the crash site is farther form shore. This is due to the logistical difficulty of extending
the range of helicopters. FARPs can provide remote refuel points, but the farther out they extend,
the more fuel they use themselves and the less fuel they have to refuel other aircraft. Assuming a
range of 115 miles on one tank, and three addition tanks with the FARP, the maximum range that
a FARP can extend is 460 miles. Beyond that, the FARP has no gas for itself or for any other
aircraft. Losing the FARP capability means that only Air Force HH-60 aircraft, or fixed wing
aircraft with skis could be able to respond. Looking at fixed with assets with skis, the Canadians
maintain Twin Otters with skis in Yellowknife, and the U.S. has a LC-130 with skis based in

128

New York with the Air National Guard. If the crash site is within range of the Twin Otters, they
may be able to respond, and if it was beyond their range, the LC-130 may be able respond.139
However, in both cases the ability to set up a safe and suitable runway on the pack ice would be
a considerable challenge that may prevent, and would certainly delay, the operation.
Varying the number of people (moving along the x-axis in Figure C.8), affects which assets
would be best suited for the response. At low numbers of people, AKANG HH-60s or NSBSAR
S-92 aircraft could execute the response autonomously. As the number of people increase, CH47s become increasing valuable due to their heavy lift and FARP capabilities. Additionally, large
numbers of people requiring rescue would increase the number of organizations providing
helicopters and personnel to support the rescue operation, which would greatly increase the
complexity of planning and coordinating the response. The farther from the origin of the graph,
the longer it would take to respond to the SAR case as indicated by the estimated response times
shown in red.
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This was discussed in conjunction with ICEX 2016. While the New York Air National Guard unit maintains this
capability, they usually support Antarctic operations and use an established ice runway that sits over land. Standing
up a runway on sea ice would be riskier and outside their traditional mission set.
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Appendix E: Maritime SAR Scenario Analysis

Scenario
In late August of 2017, the Arctic cruise ship, MV Worsley,140 is transiting the Northwest
Passage with 1000 passengers and 400 crew members on board. On September 7th, the ship is 10
days into the 30 day expedition and is passing through the Beaufort Sea near the Canadian border
when it encounters an Arctic storm. At 3:00am, the ship collides with a submerged iceberg,
ripping a hole in the belly of the vessel and damaging one of the engine pods. This renders the
ship immobile and water begins to rush in through the breached hull. With the collision, ten
elderly passengers fall from their bunks causing severe injuries that require medical evacuation.
The Captain notifies the RCC of the accident and sends a team of engineers to inspect the
damage and diagnose the situation. The chief engineer reports that the hole is sizable and
patching is not an option. The ship’s pumps begin operating to remove the inflowing water. This
works temporarily, but when one of the pumps fails, more water flows in than can be removed.
At 1500, the ship begins to list towards its port side and the captain orders the evacuation of all
passengers and crew. The figure below depicts the location of the cruise ship with distances to
other marine vessels, communities, and search and rescue assets.

140

The vessel is named reverently after Frank Worsley, the unsung hero of Ernest Shackleton’s ill-fated 1915-16
Antarctic expedition. He navigated the life boat 800 miles across open ocean, crossed mountain passes, and
ultimately was critical in ensuring the survival of all crew members after their ship was crushed in the sea ice.
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Figure E.1. Location and Distances of Maritime SAR Scenario

At the time of the accident, there are four maritime vessels in the region. These include two
Coast Guard vessels: the USCGC Waesche, a National Security Cutter, and the USCGC Healy, a
medium-strength icebreaker. Additionally, there are two commercial vessels: the MV Nordic
Winter, a smaller cruise ship, and a Crowley Marine Fuel Barge located in Prudhoe Bay. In
terms of aviation assets, the USCG has two MH-60 Jayhawk helicopters and crew at a FOB in
Kotzebue, and NSBSAR has two S-92 helicopters in Barrow.
Table E.1. Location and Response Times of Assets Available for Maritime SAR Support
Organization

Asset

Speed (knts)

Distance (miles)

Est. Resp Time (hrs)

U.S. Coast Guard

USCGC Waesche

28

309

10

U.S. Coast Guard

USCGC Healy

14 (3 in ice)

793

50

Crowley Maritime

Fuel Barge

12

163

12

Cruise Ship Agency

Nordic Winter

20

140

6

USCG FOL Kotzebue

MH-60 Jayhawk

130

307

2.5

NSBSAR

S-92

150

688

7.5

Analysis
The analysis depicted here is informed by attending two Arctic SAR exercises that dealt
specifically with a cruise ship evacuation. The two exercises were Arctic Zephyr, held in October
of 2015 by USNORTHCOM, and the Northwest Passage Exercise, held in April of 2016 by the
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U.S. Coast Guard. Both exercises brought together subject matter experts to discuss the SAR
response and other important issues related to Arctic SAR. These Arctic SAR SMEs included
representatives from Crystal Cruises, the Coast Guard, NSBSAR, the Air Force, and
international partners, among others. As a result of these exercises, the SAR response for a
Cruise Ship evacuation would generally entail five main tasks: 1) support the passengers and the
ship while deciding whether to evacuate; 2) after the decision to evacuate, move all passengers
and crew to other vessels or lifeboats; 3) transit to shore; 4) erect shore-side facilities to receive
passengers and crew and support them temporarily, and; 5) charter aircraft to bring passengers
and crew off the North Slope and return them to their homes. While the SAR exercises
highlighted the general approach, they did not closely examine the feasibility of the response.
This analysis builds off the general approach by building realistic timelines and conducting a
weather analysis. The analysis is broken into four steps—report, locate, support, and recover—
and continues by examining potential failure points. Overall, this analysis addresses how
prepared the U.S. to handle a stressing maritime SAR scenario in the Arctic.
Report
The report task involves notifying the RCC of the incident. In this case, the collision with the
errant iceberg did not harm any of the ship’s communications systems, which means that the ship
would still be able to communicating distress. The ship’s Captain would have multiple options to
communicate distress including, radio (HF, VHR, MHF), satellite communications (SATCOM),
EPIRB, or even e-mail available in some locations. Any of these methods could work, and the
redundancy should allow for reliable communications both for the initial distress and for ongoing
discussions of how best to respond.
At the Northwest Passage Exercise, Crystal Cruises reported that their main form of
communication between the ship and the company’s operating center was SATCOM supported
by the Iridium satellite constellation. As a backup, they could utilize on HF or VHF radio
depending on their location. Crystal Cruises and the RCC discussed setting up a conference call
between all three parties to maintain situational awareness through all stages of the SAR
response. One interesting takeaway from the exercise is that because so much maritime
communication has switched from radio to e-mail in the last decade, personnel are less
accustomed to the more traditional forms of communication, like HF radio, that may be required
for an Arctic SAR event. Therefore, while the technical communications capability theoretically
exists, communication failure could occur because the human operator is unfamiliar with the
older technology.
Locate
The locate task involves confirming the location of the ship and establishing operations to
maintain an on-scene commander (OSC) for the duration of the SAR response. In its role as the

132

OSC, the HC-130 can provide support to the cruise ship, coordinate air and maritime operations
on-scene, and serve as a communications link with the RCC.
A USCG HC-130 is the best asset to locate the ship and serve as the OSC because it is
already standing alert, has experience with maritime SAR operations, and can remain on-scene
for long periods. Assuming the JRCC tasks the HC-130 with responding, the asset could arrive
on-scene in roughly three hours and 10 minutes. This assumes a 30-minute time to takeoff and a
two hour and 40 minute flight as predicted by the Arctic SAR model. The HC-130 would be able
to communicate with the cruise ship to obtain the most accurate GPS coordinates and locate the
cruise ship.
With the location confirmed, the next challenge is to sustain OSC operations for the duration
of the SAR response. To do this, the JRCC would request additional USCG HC-130s to respond
and utilize Prudhoe Bay, the closest logistics hub to the cruise ship, as a base of operations. The
first HC-130, assuming if flew from Kodiak and returned to Prudhoe Bay, should have enough
fuel to serve as OSC for roughly four hours and five minutes. At this time, another HC-130 from
Kodiak would have to take its place. In all, three HC-130s are needed to sustain 24-hour
operations. Figure E.2, shown below, outlines the timeline for three HC-130s providing OSC
coverage for the duration of the SAR mission.
Figure E.2. USCG HC-130 Timeline for Response, Sustained Operations

From the timeline, three HC-130s can provide full coverage (highlighted in orange) of the
cruise ship through 5:00 PM the next day. The first three HC-130s have staggered takeoff times
so they arrive on-scene at the right time to switch out with the previous crew. From the timeline,
for the first three HC-130s responding from Kodiak, they can persist for four hours. For the
second shift, with these HC-130s now flying from Prudhoe Bay, they can remain on scene for a
much longer time, roughly eight hours. Typically, aircrews require 12 hours of crew rest between
flights. In this case, there are less than 12 hours between each of these HC-130 flights. To
address this, an additional aircrew could be utilized to enable adequate crew rest.
Support
The support task involves requesting assistance from ships in the vicinity, executing the
medivacs, and providing both pumping and towing capability to the cruise ship as required.
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The first challenge is to identify and contact ships in the vicinity that could provide
assistance. First, the RCC would contact the USCGC Waesche, prepositioned in the Arctic, and
direct it to respond. Next, the RCC would identify and contact Good Samaritan vessels. As
described in Chapter Four, the USCG maintains three separate systems for this purpose: AIS,
LRIT, and Automated Mutual Assistance Vessel Rescue System (AMVER). AIS and LRIT
provide the Coast Guard with a map of all the ships operating in the Arctic, and the AMVER
system enables the RCC to contact these ships and request support. In this case, the JRCC will
call MV Nordic Winter, currently 140 miles to the northeast of MV Worsley, and the Crowley
Marine Fuel Barge, currently 163 miles to the southwest in Prudhoe Bay to see if they can
provide assistance.
To second challenge is to coordinate and execute ten required medivacs. The two closest
assets are the NSBSAR S-92 helicopters, in Barrow, and the Coast Guard MH-60 helicopters, in
Kotzebue. Figure E.3, shown below, compares the medivac timelines for the NSBSAR and
USCG helicopters. Each bar in the graphed timeline represents one leg of a flight. For example,
the first bar represents the NSBSAR S-92 taking off from Barrow, flight to the MV Worsley, and
loading the 10 injured passengers.
Figure E.3. Probable Timeline of Medivacs Conducted by NSBSAR and USCG Helicopters

Based on the geography and operating procedures of the two organizations, the NSBSAR S92 could arrive on-scene roughly 2.5 hours after initial notification as compared with 7.5 hours
for the Coast Guard MH-60s. Because the NSBSAR S-92 has a faster response time, has a
greater capacity, and is on a higher alert status, it would most likely execute this mission. If
visibility was too bad for the S-92 to take off, however, or it was busy with another SAR case the
MH-60s would have to respond. Since neither helicopter has the range to fly round-trip from
Barrow, both helicopters would take the patients to Prudhoe Bay where they could refuel and
await further direction from the RCC.
The third challenge is how to provide support to the cruise ship. Ships responding to a SAR
case can provide a platform (for evacuating passengers), resources (which include, but are not
limited to, include pumps, food/water, and additional life boats), and capability (tow line, water
cannons and firefighting equipment, a crane, etc.). The HC-130 flying overhead could also
airdrop additional pumps to the MV Worsley to help the ship keep pace with the influx of water.
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These additional resources could prevent the incident from developing into a more significant
SAR event.
Any towing could be provided by the USCGC Waesche. There are no ports in the vicinity
that could accommodate the two ships, but moving the Waesche out of iceberg waters would
reduce the risk of the ship becoming stuck in the ice. For the salvage effort, assuming the ship
does not sink, a commercial tow would likely be used.
Recover
The recovery task involves bringing the passengers and crew from the Cruise Ship to a place
of safety. As the scenario dictates, the support is inadequate to stabilize the cruise ship and at
3pm, the captain decides to evacuate the ship. At this point, the task becomes to move all
passengers and crew from the cruise ship to another vessel, to bring these vessels to shore, and to
transfer all passengers and crew to receiving facilities where they can receive the necessary life
support and await chartered aircraft to return them home.
The first task is to transfer all passengers and crew to another vessel. In general, evacuation is
avoided unless the ship is at risk for sinking. Based on perspectives voiced at the Northwest
Passage Exercise, the safest action once an accident has occurred is to: 1) keep the passengers on
the cruise ship itself; 2) transfer them to other Good Samaritan ships, and as a last resort, and; 3)
send them out in lifeboats. In this case, with the evacuation ordered, passengers will first fill up
the capacity of the two Good Samaritan ships and USCG Cutter, and then fill lifeboats as
required.
Transferring passengers to another ship is a difficult task to be carried out by either
helicopter or small boat. Small boat operations, typically used by cruise ships to bring passengers
to shore, would be complicated by a rough sea state. Transferring passengers via helicopter could
be complicated by icing conditions, winds, or weather. In both cases, it would take a
considerable amount of time to transfer 1700 passengers.
Figure E.4, shown below, depicts the timeline for the evacuation all 1700 personnel using the
MV Explorer, Crowley Marine Fuel Barge, USCGC Waesche, and MV Worsley’s life boats.
Each line on the bar graph represents one voyage made by one ship. For example, the first bar
represents the MV Nordic Winter receiving notification of the incident and responding to assist
the MV Worsley. First, the Nordic Winter takes one hour preparing to embark for the cruise ship,
next it transits the 140 miles distance to respond. Once at the ship, the Nordic Winter provides
support as requested, and finally it transfers passengers from the MV Worsley once the
evacuation order has been given at 3pm. The second bar represents the MV Nordic Winter going
to Barrow and offloading passengers to the receiving facility
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Figure E.4. Plausible Timeline of Cruise Ship Evacuation

At 3:00 PM, when the Captain gives the order to evacuate, the first passengers and crew are
transferred to the MV Nordic Winter, which has been waiting to provide support since it arrive
on-scene around 10:00 AM. The MV Nordic Winter may already be at bed capacity, but the
emergency would allow the ship to accommodate additional passengers. Additional resources
(food, water, blankets, etc.) can be transferred as needed. After two hours of transferring
personnel and resources, the ship embarks for shore. The two closest communities are Prudhoe
Bay and Kaktovik. In order to spread the burden of the evacuating passengers, it makes the most
sense for the MV Nordic Winter to make the longer trek to Prudhoe Bay (roughly 163 miles),
and allow the life boats to make the shorter trip to Kaktovik (roughly 108 miles). The ship
arrives at roughly 12:00 AM and begins offloading passengers to shore. Although there is a small
port, the cruise ship likely has a draft that is too deep for the port. As a result, the ship would use
its small boats to offload passengers to shore, a process that would take about four hours to
offload all personnel.
The Crowley Marine fuel barge would arrive on-scene around 7:00 PM and begin accepting
passengers from the MV Worsley. Since this barge has very few berths, additional resources
would be needed to support the passengers while on-board. The barge would accept passengers
until deck space fills and resources have been transferred to provide for their sustenance and
comfort. This transfer could be more difficult than the one to the cruise ship, however, because
the barge is not built for receiving passengers. The use of a crane, ladders, or ropes may be
required making this an option only for more in-shape passengers. Once full, the barge would
embark for Prudhoe Bay, setting out just before 9:00 PM and arriving around 8:30 AM the next
morning. The fuel barge is slower than the MV Nordic Winter, but its shallower draft allows it to
pull into shore and quickly offload passengers to the receiving facility without having to send
groups in smaller boats.
The USCGC Waesche oversees the transfer of passengers to the Nordic Winter and the fuel
barge. Once this is complete, the Waesche begins accepting passengers and resources until it too
reaches capacity. As an additional duty, the Waesche is responsible for maintaining
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accountability for all life boats. While the life boats do have a small engine that allows them to
travel autonomously, the Waesche would likely work with the crew of the MV Worsley to rope
the life boats to the ship and tow them into Kaktovik and ensure they all arrive safely to shore.
The rest of the passengers could be evacuated to the lifeboats within 30 minutes of a
Captain’s order, a SOLAS requirement.141 Since the three vessels are able to accommodate most
of the passengers and crew, the remaining guests could all fit in the ship’s 150-person lifeboats.
The lifeboats are fully enclosed to eliminate the possibility of capsizing in high seas. Assuming
both the ship and the lifeboats leave together just before 11:00 PM, they could arrive in Kaktovik
just before 7:00 AM traveling at a slower speed to accommodate the towing of the lifeboats.
Shore side facilities are important for receiving all passengers and crew off the vessels,
providing for their temporary support, and transferring them to airports where they can be flown
home. In this case, a shore side facility would be needed in Prudhoe Bay for passengers
disembarking from the MV Nordic Winter and the Cowley Marine fuel barge, and in Kaktovik
for the passengers arriving from USCGC Waesche and the lifeboats. Experienced SAR personnel
would need to keep accountability and to assist people offloading. In terms of resources, the
facilities would need food, water, warm clothes, vehicles, and shelter. Some sheltering structures
exist in both places, but tents may be needed to augment the limited local infrastructure. While
all of these resources theoretically exist—either within the DoD, Coast Guard, or State of
Alaska—it is unknown if they could be rapidly aggregated and deployed in time to meet the
arriving vessels.
Kaktovik, which has a population of around 250 people, would certainly need additional
resources because there is very little available organically. The school, airport, and Barter Island
radar station could be utilized, and the local population could provide some capacity for shelter
and support people in their homes.142 That being said, the influx of personnel would quickly
overwhelm organic capabilities. It is important to note that the community is largely made up of
subsistence hunters who rely on the limited resources they have for survival. Any disruption to
their food supply could harm their ability to survive the next winter. Accordingly, any resources
utilized from the town would need to be restored and replenished.
Prudhoe Bay, on the other hand, is an oil town of about 2,000 people and has hotels and
cafeterias that could provide resources to help support the influx of passengers. There is no
school, but the both the Deadhorse airport and company buildings could be utilized as a shelter
for evacuated passengers. That being said, the oil companies operating in Prudhoe Bay generally
only have accommodations for their workers, and there is little additional space available.
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“International Convention for the Safety of Life at Sea” (UN International Maritime Organization, November 1,
1974), http://www.imo.org/en/About/Conventions/ListOfConventions/Pages/International-Convention-for-theSafety-of-Life-at-Sea-(SOLAS),-1974.aspx.
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Anecdotal evidence suggests the people in Kaktovik are very welcoming and many would likely participate in
the response.
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Staggered arrival times of evacuating passengers would mitigate the impact of the influx of
personnel, and allow more time for chartered aircraft to be located, staffed, and flown to Prudhoe
Bay. Regardless, a large influx of personnel would also likely overwhelm organic capability and
require additional resources to be flown in.
The delivery of personnel and resources to operate the shore side facilities could be provided
by AKANG HC-130 aircraft, or by active duty C-17s. Kaktovik is more difficult to reach, and
would require an HC-130 to land on the gravel runway, while a C-17 into Prudhoe Bay would
have ample space for survival resources. According to the timeline [which one?], the RCC has
nine hours until the first passengers arrive in Prudhoe Bay off the MV Nordic Explorer, and 16
hours before the USCGC Waesche and life boats arrive in Kaktovik. It is unclear whether
personnel and resources could be assembled and deployed before the passengers arrive ashore.
The cruise ship company, in conjunction with the State of Alaska, would likely take
responsibility for chartering commercial aircraft for passengers coming ashore. The chartered
aircraft would ideally be in place when the passengers arrive, minimizing the impact on the two
communities. There is a precedent for Cruise Ship Companies rapidly chartering aircraft to
evacuate personnel. In 2013, a problem with the Celebrity Millennium forced Celebrity Cruises
to cancel the 8-day cruise near Ketchikan, Alaska. The company was able to successfully charter
aircraft to fly all 2,138 passengers back to their homes. Still, Prudhoe Bay is very remote and bad
weather could greatly delay this operation. Additionally, the gravel runway in Kaktovik cannot
support many larger aircraft. If large enough gravel-runway-capable aircraft are not available,
Coast Guard C-130s may be requested to shuttle passengers from Kaktovik to Prudhoe Bay.
Weather
Weather can have an impact on the SAR response through a poor sea state preventing small
boat operations during the evacuation, and bad weather affecting helicopter operations for the
medivacs. The table below depicts the environmental conditions that could impact SAR
operations, and estimates the likelihood of these conditions in September.
Table E.2. Prevalence and Impact of Arctic Weather Conditions in September

Environmental Condition

Key Impact

Impact Threshold

% Prevalence

Sea State

Transferring passengers, life 2 meters
boat operations

10%

Visibility

Location of crash site,
helicopter operations

1 mile

5.9%

Ceiling

Helicopter operations

500 feet

12.6%

Icing Conditions

Helicopter operations

Precipitation, temp < 0

10.8%
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Sea state was estimated using 2012 wave data collected in the Beaufort Sea, shown in the
figure below:143
Figure E.5. Arctic Ocean Wave Conditions in September

During September of 2012, waves exceeded the 2-meter mark five different times for
carrying durations. Assuming each wave event lasted one day, the overall prevalence is
estimated to be five days out of thirty, or 16.6% of the time. With sea ice continuing to retreat
opening up larger swaths of ocean during the summer time, Arctic storms could increase in
intensity in the coming decades.
Large waves brought on by an Arctic storm could greatly inhibit the ability of personnel to be
transferred safely from one ship to another ship. Launching small boats into the water, the
primary method of transporting personnel to and from the ship, could be prevented by a bad sea
state. This would then necessitate that most passengers evacuate to the lifeboats, with crew in the
life rafts. Under these conditions, the rescue is still possible, but accountability of passengers
becomes more difficult, the influx of personnel into Kaktovik increases, and the risk to the
passengers, particularly those in life rafts, increases as well. Lifeboats and life rafts are fully
enclosed, which means that waves would not flood and sink the boats, but it could complicate
tying them together and towing them to shore. Transferring passengers is always difficult
because it is a dynamic operation, and the cold Arctic water makes the consequences of an
accident that leaves people in the water much greater than they would be elsewhere in the world.
If small boats could not be used, passengers could be transferred by helicopter, but a landing
on a moving ship could also disrupt this method of transport. The inability to transfer passengers
from the Cruise Ship to another vessel would force all the passengers into life boats instead,
which are lowered into the water and thus do not entail the same level of risk as small boats.
Navigating the lifeboats to shore in high seas would be a challenge, as would tying and towing
the lifeboats to shore with another. In short, a volatile sea state makes all aspects of the rescue
operation more difficult and more risky.
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Jim Thomson and Erick Rogers, “Swell and Sea in the Emerging Arctic Ocean” (Geophysical Research Letters,
2014).
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Helicopter operations, for medivacs or passenger transport, could also be affected by
visibility and icing conditions. Unlike the previous two scenarios, none of the responding
helicopters have to transit a mountain range in the response, which makes their ability to respond
less prone to weather disruptions. In September, the weather is warm enough on the North Slope
that icing conditions are much less of an issue. Visibility, however, is worse because low fog
often blankets the North Slope in September. This could prevent the helicopters from launching,
or make it difficult for them to locate and operate around the Cruise ship.
Lastly, the presence of sea ice is a factor for all non-ice-hardened ships responding to the
case, which, in this case, is all of them. Since an errant iceberg caused the SAR case in the first
place, all ships will need to be extra cautious navigating in and around the ship. The risk of an
additional collision would only increase if other weather conditions—like poor visibility or a bad
sea state—were also present. Any of these factors would likely delay response times and increase
the risk to responding ships. Should the sea ice advance more rapidly than SAR forces were
ready for and engulf the cruise ship, then rescuing the cruise ship would require an ice-capable
ship. The only icebreaker that the U.S. has in the Arctic during that time of year is the USCGC
Healy, which has a response time of between 50 and 230 hours. (This estimate depends on sea
ice conditions, which determine whether the ship can travel at 14 knts or 3 knts). SAR controllers
might ask the Canadians for assistance, but their response times into the U.S. Arctic would be
long as well. On the private side, Shell’s presence in the Arctic over the past decade has brought
an additional icebreaker into the region, which could potentially be used for larger SAR cases
like this.144 Because Shell has halted Arctic operations, this icebreaker is no longer available, but
it serves to highlight an important point—the influx of personnel into the Arctic creates an
increased burden on the SAR system, but it also introduces additional capabilities that would not
be available otherwise.

Sensitivity
Changes to the location or time of year would not greatly change the SAR response. For one,
the operating window for cruise ships in the Arctic is currently limited to between August and
October, when the sea ice retreats enough to allow it. As seasonal sea ice continues to retreat,
greater swaths of ocean will be available and the operating season will lengthen, but only
marginally. One change due to larger swaths of open ocean is an increased prevalence of storms,
which make the response more difficult for SAR responders.
The location of the cruise ship accident determines proximity to logistics hubs and proximity
to sea ice. Distance from the crash site to the cruise ship impacts the response times of
helicopters, and the trip length to shore for evacuees. The structure of the response, however,
144

Peter Meredith, “Aiviq: Pride of Shell’s Alaskan Drilling Fleet,” Professional Mariner, October 16, 2012,
http://www.professionalmariner.com/American-Ship-Review-2013/Aiviq-Pride-of-Shells-Alaskan-drilling-fleet/.
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would remain the same. If the cruise ship were close to sea ice, very few vessels would be able to
respond. Similarly, if the sea ice required an icebreaker, the response would be significantly
longer.
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Abbreviations

AATF

Army Aviation Task Force

AAWU

Alaska Aviation Weather Unit

ADIZ

United States air defense identification zone

ADS-B

automatic dependent surveillance-broadcast

ADSO

Arctic Domain Security Orientation

AF

Air Force

AFB

Air Force base

AIS

automatic identification system

AKANG

Alaska Air National Guard

AKRCC

Alaska Rescue Coordination Center

ALCOM

Alaska Command

AMSA

Arctic marine shipping assessment

AMVER

Automated Mutual-Assistance Vessel Rescue

ASP

Arctic sustainment package

ATV

all-terrain vehicle

CISAR

catastrophic incident search and rescue

COSPAS-SARSAT

Space System for the Search of Vessels in Distress

CRO

combat rescue officer

CSAR

combat search and rescue

CSARTF

combat search and rescue task force

DEM

digital elevation map

DEW

distant early warning

DHS

Department of Homeland Security

DoD

Department of Defense

ELT

emergency locator transmitters
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EPIRB

emergency position-indicating radio beacon

ETOPS

extended operations

FAA

Federal Aviation Administration

FARP

forward arming and refueling points

FOB

forward operating base

FOL

forward operating location

GA

Guardian Angel

GEOSAR

geosynchronous Earth orbit search and rescue

GPS

global positioning system

HF

high frequency

IAMSAR

International Aeronautical and Maritime Search and Rescue

ICAO

International Civil Aviation Organizations

ICEX

ice exercise

JAOC

Joint Air Operations Center

JRCC

Joint Rescue Coordination Center

LEO

low Earth orbit

LEOSAR

low Earth orbit search and rescue

LRIT

long range identification and tracking

MAJAID

major air disaster

MEO

medium Earth orbit

MEOSAR

medium Earth orbit search and rescue

METAR

meteorological aerodrome report

MRO

Mass rescue operation

MUOS

Mobile User Objective System

MV

motor vessel

NOAA

National Oceanic and Atmospheric Administration

NORAD

North American Aerospace Defense Command

NSBSAR

North Slope Borough Search and Rescue
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NVGs

night vision goggles

OSC

on-scene commander

PJ

pararescueman [pararescue jumper]

PLB

personal locator beacon

PR

personnel recovery

RCC

Rescue Coordination Center

RQS

rescue squadrons

SAR

search and rescue

SARSAT

search and rescue satellite-aided tracking

SATCOM

satellite communications

SERE

survival, evasion, resistance, and escape

SME

subject matter expert

SOLAS

safety of life at sea

UATF

United States Army Alaska [USARAK] Aviation Task Force

USAF

United States Air Force

USARAK

United States Army Alaska

USCG

United States Coast Guard

USCGC

United States Coast Guard cutter

USGS

United States Geological Survey

USNORTHCOM

United States Northern Command

VHF

very high frequency
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