
For the best experience, open this PDF portfolio in
 
Acrobat X or Adobe Reader X, or later.
 

Get Adobe Reader Now! 

http://www.adobe.com/go/reader




0900 - 0925 Opening Remarks
LTG Reynold Hoover
USNORTHCOM
&
Mr. Dale Ormond, Principal Director, Research
OUSD(R&E)


0930 - 0955 Welcome and Introduction
Dr. David Pittman, Director
Engineer Research and Development Center (ERDC)
&
Dr. Joseph Corriveau, Director
Cold Regions Research and Engineering Laboratory (CRREL)


0955 - 1025 Arctic S&T Update: Lessons Learned and Emerging Challenges
Dr. Harrell Moore, NORAD USNORTHCOM J8


1025 - 1040 Break
1040 - 1100 ALCOM Overview: Arctic Roles and Responsibilities


David Martin
ANR and ALCOM Deputy J5


1100 - 1120 USNORTHCOM Overview: S&T to Support Operations in Extreme Austere Environments
Mike Lupow, Sr. Intelligence Officer for Air, Maritime and the Arctic
NORAD & USNORTHCOM J2


1120 - 1150 LC130 Operations in the Arctic
Maj Shay Price, 109AW


1150-1210 U.S./Canada S&T Cooperation - Improving Arctic Capabilities by Leveraging Our Strengths
Dr. James Millan, Director of Research - Ocean, Coastal and River Engineering
National Research Council of Canada


1210 - 1300 Lunch


DoD 2018 Arctic Science & Technology Synchronization Workshop


16-May







1300 - 1400 Arctic Maritime Operations Panel
Moderator: CDR Ruth Lane, Commanding Officer - Naval Ice Center
Panelists:
- CDR Al Siegrist, USS James E Williams (DDG 95)
- Mick Hicks, Chief Scientist - International Ice Patrol
- LT Emily Motz, Science Officer - Arctic Submarine Laboratory
- Lisa Hatland, XO - CGC KUKUI (WLB 203)


1400 - 1420
1420 - 1440 Break
1440 - 1500 Expeditionary Infrastructure - DoD Installations in the Arctic and Permafrost Engineering


Kevin Bjella, Research Civil Engineer
Cold Regions Research and Engineering Laboratory


1500 - 1520 Arctic Infrastructure Resiliency and Domain Awareness Research at UAA 
Dr. Aaron Dotson, College of Engineering
University of Alaska Anchorage (UAA)


1520 - 1540 Arctic Coastal Erosion: Maechanistic Models for Coastal Hazard Evaluation
Diana Bull
Sandia National Laboratories


1540 - 1600 Realizing Reliable and Robust Energy Systems for the Arctic
George Roe, Research Professor - Alaska Center for Energy and Power
University of Alaska Fairbanks (UAF)


1600 -1615 Break
1615 - 1635 Arctic Materials Development and Testing with Operational Applicability


Andy Margules, Science and Technology Advisor to US Army Alaska (USARAK)
US Army RDECOM 


1635 - 1655 NSF Research Support, Logistics, & Operations in the Arctic: Leveraging Agency 
Partnerships to Advance Key Capabilities
Dr. Jennifer Mercer, Program Manager, Arctic Research Support & Logistics
National Science Foundation


1700 - 1900
Icebreaker Social and


Poster Session
(Ice Engineering Facility)
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Innovative solutions for a safer, better world


David W. Pittman, PE, PhD
Director
US Army Engineer Research and Development Center


Director of R&D and Chief Scientist
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Discovering, Developing & Delivering 
New Ways to
Make the World 
Safer & Better
Every Day


To find out how ERDC can help you, 
contact us at ERDCinfo@usace.army.mil
or visit www.erdc.usace.army.mil @ArmyERDC
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Welcome!


COLD REGIONS RESEARCH
& ENGINEERING LABORATORY


1


Dr. Joe Corriveau, Director
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VISION


The National resource for 
cold regions science and 


engineering


MISSI0N
Solve scientific and engineering 
challenges in cold and complex 


environments through effective, 
interdisciplinary solutions for our 


Warfighters and the Nation
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Arctic Strategic Goal:


ERDC-CRREL has advanced and applied science and engineering solutions to 
complex and strategically-important problems in the Arctic region for more than 
50 years.


Enable the DoD and the Nation to make truly effective decisions that 
mitigate risks to national security, operations, and the environment


ERDC-CRREL is building a basic understanding of Arctic 
climate processes and incorporating this knowledge 
into predictive models to inform current operations 
and provide future situational awareness.


ERDC-CRREL strives to mitigate operational risks by 
obtaining a holistic understanding of ecosystem 
processes and providing science and engineering 
solutions to ensure a sustainable presence.







Arctic Region Science & Engineering


Evolve Arctic 
Infrastructure & 


Strategic Capabilities


Enhance Arctic 
Domain Awareness


Protect the Arctic 
Environment


In Situ observations & autonomous sensors – climate 
change effects on sea ice dynamics


Modeling ice floe behavior, mechanics & forces – safe, 
efficient navigation in ice filled waters


Engineering & science solutions to support  operations Systems & materials performance under harsh Arctic 
conditions


Detection & mitigation of oil in ice covered watersHolistic understanding of Arctic ecosystem processes –
data driven decision making
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Red Arctic
In MAR 2015, Russia executed an 80,000 man training 
event above the Arctic circle


One of 13 new Russian Bases in the 
Arctic
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Coordination of Arctic Interactions:


The ERDC works closely with the 
Department of Defense in 
implementing the departments 
strategy for the Arctic region.


In addition, towards an enhanced 
unity of scientific effort in the region, 
the ERDC coordinates a number of its 
research efforts through the 
Interagency Arctic Research Policy 
Committee. Partnering to Support Department of Defense and 


National interests in the Arctic region
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1NORAD and USNORTHCOM We Have The Watch
UNCLASSIFIED


Dr. Hal Moore 


Chief Technology Officer


NORAD USNORTHCOM  


J8 Science & Technology


DOD and NORAD USNORTHCOM Arctic 


Science & Technology Synchronization 


Workshop 2018 


UNCLASSIFIED


Lessons Learned and Emerging Challenges



http://www.wired.com/images_blogs/photos/uncategorized/2008/04/22/bams_2.jpg

http://www.wired.com/images_blogs/photos/uncategorized/2008/04/22/bams_2.jpg

http://en.wikipedia.org/wiki/File:Operation_Deep_Freeze_2006,_MV_American_Tern,_Krasin_200601.jpg

http://en.wikipedia.org/wiki/File:Operation_Deep_Freeze_2006,_MV_American_Tern,_Krasin_200601.jpg





2NORAD and USNORTHCOM We Have The Watch


Agenda


• Tri-Command Goals


• Arctic Scenarios/Search & 


Rescue 


• ICEX 2016 


• Arctic  Homeland Defense 


Concepts 


• Arctic Capability Concerns


• Arctic GEOINT


• Over the Horizon Radar


• Denmark Participation


• 2014 Findings


UNCLASSIFIED


UNCLASSIFIED







3NORAD and USNORTHCOM We Have The Watch


TRI Command Strategic Goals


1. Strengthen our collective ability to detect, deter, defend 


against, and defeat threats to our nations


2. Improve unity of effort with Commands and with our 


respective mission partners


3. Develop a culture of continuous collaboration and 


cooperation in planning, execution, training, information 


management, and innovation


4. Enhance intelligence and information sharing and fusion 


to support mission accomplishment


5. Strengthen our collective ability to provide appropriate, 


timely and effective  support to civil authorities


Commander’s Vision and Intent: “NORAD, USNORTHCOM, and CJOC---Strong 


and reliable partners, working together to protect and defend our nations, 


peoples, values, and ways of life ---TRI COMMAND STRATEGY


UNCLASSIFIED


UNCLASSIFIED







4NORAD and USNORTHCOM We Have The Watch


Possible Arctic Scenario/Vignettes


• Maneuver expeditiously in 


Arctic Water and Land


• Conduct a Non-compliant Visit 


Board Search and Seizure 


(VBSS) in Arctic Waters


• Detect and Counter a Chemical 


WMD Threat Transiting the 


Arctic Pathway


• Deploy ISR capabilities in 


austere Arctic environment


• Sustain personnel while 


deployed (power, heat, 


communications, etc) 


• Search And Rescue Operations


UNCLASSIFIED


UNCLASSIFIED







5NORAD and USNORTHCOM We Have The Watch


ICEX 


ICEX 2016


UNCLASSIFIED


UNCLASSIFIED


• Emergency Evaluation-above normal rapid thawing (March 2016 


and March 2014) 


• Lack of “Ice Cracking Prediction”; Ice Sea Drift (150+ Miles) 


• Recommendations:  Move ICEX 2018 earlier in year (Feb); rapid 


teardown capability (no wooden floors; small, light weight 


payloads; no heavy lift); Improved Communications with Iridium 







6NORAD and USNORTHCOM We Have The Watch


Arctic  Homeland Defense Concepts


Observe Orient Act


Anticipate, Learn, Adapt


Track / Monitor


Characterize


Decide


DETECT/


WARN


C2 Joint Integrating Concept Critical Capabilities


1. Exercise Command Leadership


2. Establish command Structures and Enable Collaboration


3. Develop & Maintain Shared Situational Awareness / Understanding


4. Communicate Commander’s Intent and Guidance


5. Plan Collaboratively


6. Synchronize Execution Across All Domains


7. Monitor Execution, Assess Effects and Adapt Operations


8. Leverage Mission Partners


Decide
(1)


Task
(1)


Plan
(1)


Coord
(1)


A
S


S
E


S
S


Deter / Prevent


Defeat / Disable


Disrupt / Protect


Mitigate / Recover


Current Ops Future Ops Arctic Response


Sensors Current Operating Picture Collaboration


(4)


(3) & (8)


(7)


UNCLASSIFIED


UNCLASSIFIED







7NORAD and USNORTHCOM We Have The Watch


Arctic Capability Concerns


• Northern Approaches 


Surveillance


• Arctic Communications


• Indications & Warning


• Maritime Homeland Defense in 


the Arctic


• Air Base Infrastructure


UNCLASSIFIED


UNCLASSIFIED







8NORAD and USNORTHCOM We Have The Watch


N-NC Operational Arctic GEOINT


• NORAD Maritime Warning


• Ocean Ship Detection


• Commercial Hybrid Ship Detection


• Image Chips…location, course, speed


• Sea-Drift…objects at sea (icebergs, etc) 


• Ice and Ice prediction


• Imagery Operations…Task, Collect, 


Process, Exploit, and Disseminate


UNCLASSIFIED


UNCLASSIFIED







9NORAD and USNORTHCOM We Have The Watch


1. Collection Requirements


2. Priority Guidance


3. Prioritized collection requirements


4. Satellite commands / data return


5. Raw Data


6.      Exploited Intelligence


How COCOMs Receive GEOINT


UNCLASSIFIED


UNCLASSIFIED


NRO Mission: Develop and operate unique and innovative overhead 


reconnaissance systems.


NRO


NGA NGA


NSA
NSA


DNI


Users Users1. 6.5.


4.


3.


2.
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Over-the-Horizon Radar (OTHR)


• High-Frequency (HF) Radar (5-30 MHz)


• Refracts HF energy off ionosphere


• ~ 1,000 – 2,500 NM range


• Pros:


– Long range (decision time)


– Large coverage area


– Relatively low cost / surveillance area


– All altitude detection


– Proven vs. air, maritime, space targets


(U) OTHR


UNCLASSIFIED


UNCLASSIFIED







11NORAD and USNORTHCOM We Have The Watch


Denmark Participation


• Prof. Carl Egede Bøggild - Danish Technical University


• Prof. Anders Frederikson Danish/Greenlandic Arctic Technology Centre 


• Ms. Maja Kadenic (PhD student) - Aarhus University


• Greenland/Denmark highlight there is a severe shortage of arctic 


engineering skill set for the arctic nations and nations wishing to 


operate in this environment …China, Korea, etc


UNCLASSIFIED


UNCLASSIFIED
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2014 Findings


Capability issues:


• Russia Growth: Office of Naval Intelligence sees 


growing Russian infrastructure in the arctic region 


with air bases and sea ports


• Arctic Climate Modeling: Program Execution Office 


Ships is concerned that climate modeling for the 


Arctic may be conservative, and may need to shorten 


the horizon from 2025.  No model matches actual 


results.


• Climate Change causing the ice to  "move" much 


faster and current is increasing.  Sudden wind shifts 


and more intense wind is another outcome.  Airship 


and UAS operations are negatively impacted.  Melting 


permafrost is negatively impacting infrastructure.  


Arctic summers have “sea state ” causing greater 


icing conditions from sea spray and fog. 


UNCLASSIFIED


UNCLASSIFIED
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2014 Findings (cont)


• Information Sharing: Arctic Collaboration Environment 


Joint Capability Technology Demonstration is providing 


an unexpected "unclassified" COP and collaboration 


tool for Alaska Command and interagency operations 


(access by internet) 


• Unmanned Undersea Vehicle  Operations: Canada is 


making significant progress on UUV operations in the 


arctic, but still lacks sufficient all domain awareness 


and communications


• US Naval Arctic Surface Operations: NAVNORTH is 


capable of Arctic air and undersea operations, but 


challenges are surface presence in the arctic… the fleet 


needs to take  steps to "ice harden" vessels.  The 


question is when?


• US Coast Guard S&T demonstrations/test each August 


for developing capabilities.  We need to include them on 


our roadmaps


USCG Healy 


U of Alaska


UNCLASSIFIED


UNCLASSIFIED
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2014 Findings (cont)


• Training/Research: ICEX in March 2014 was shorten 


due to "cracks" in the ice…early melting… 


• Sensing (Finland) presented an intriguing topic 


related to Counter Remote Sensing Techniques.   It 


was sort of "red teaming" how arctic nations are 


seeking improvements in all domain awareness and 


defeating new technologies, including hyper-spectral


• Infrastructure (Finland) presented details on 


improving road/highway infrastructure to handle 


severe swings in climate.  This included use of Nano-


technology to improve surface materials and quicker 


concrete hardening in below freezing temperatures 


• S&T  Priorities for the Arctic are All Domain 


Awareness, Continuous Communications, Mobility, 


and Improving Endurance, Mass Casualty  SAR,  


Renewable Power in Austere/Autonomous 


environment 


UNCLASSIFIED


UNCLASSIFIED







Questions?
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Ed Doray


Chief, Mission Assurance & Technology Advancement


N-NC/J8 S&T


Science and Technology


(719) 554-1353; DSN 692


Edmund.M.Doray.CIV@mail.mil


Dr. Hal Moore


Chief Technology Officer


N-NC/J8 S&T


Science & Technology


(719) 554-3292; DSN 692-3292


Harrell.M.Moore2.CIV@mail.mil








Alaskan Command


The Overall Classification of this Briefing is: UNCLASSIFIED


ALCOM Overview: 
Arctic Roles and 
Responsibilities


DOD Arctic S&T Synchronization 
Workshop


David Martin
16 May 2018


(Cleared for public release,              
11AF/PA, TWB, 5/4/2018)







Overview


Three Commands
Alaska’s Strategic Importance
Campaign Plan and Command Priorities
Military Footprint
Major Training Exercises
Arctic Role
Takeaways
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Alaskan Command
U.S. Joint Subunified


 Mission assurance of Alaska forces
 Plan, execute and assess homeland 


defense/civil support operations 
 Assist USNORTHCOM/Services with 


identifying Arctic requirements and 
capability shortfalls


 Maintain key homeland partnerships


11 AF


USPACOM


PACAF


Eleventh Air Force
U.S. Service


 Organize, train, equip
 Provide forces to unified 


commanders
 Logistics and 


infrastructure support 
throughout Pacific


ALCOM


USNORTHCOM


PRIMARY MISSION PARTNERS
Army (USARAK)   Coast Guard (USCG D17)   National Guard (AK/HI/Guam)   Reserves (AK)   Federal/State Interagencies


Three Commands


3


ANR


NORAD


Alaskan NORAD Region
Bi-National (US and Canada)
 Provide continuous 


warning/assessment of 
aerospace attack 


 Maintain aerospace 
control to include air 
sovereignty and air 
defense of North America







Alaska’s Strategic Importance


4“Alaska is the most strategic place on earth” – BG William "Billy" Mitchell, Testimony to Congress 1935


4,000 NM Radius from
Joint Base Elmendorf-Richardson, Anchorage, Alaska


Approximate Range of USAF Aircraft flying 450 knots (.75 Mach) for 9 hrs


Los Angeles


Tokyo


Seoul


Moscow


GCC Areas of Responsibility


Beijing







Campaign Plan
and Command Priorities
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Command Priorities
 Mission Readiness
 Arctic Advocacy and Security Cooperation
 Innovation and Modernization


Mission Assurance Force Readiness


Unified
Action


Defense of North America 
and Support of Civil 
Authorities


Homeland Defense and 
Civil Support Preparedness


Arctic Initiatives – Build 
Capacity in Concert
with Allies


Arctic


Expand and Strengthen 
Federal, State, and Tribal 
Partnerships


Homeland Partnerships


Mission: Alaskan Command, in coordination with trusted partners, conducts homeland defense, 
civil support, mission assurance, and security cooperation within the ALCOM Joint Operations 
Area to defend and secure the United States and its interests.


Lines of Effort Objectives Center of Gravity







Military Footprint
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65,000 Direct Military Influence
21K DoD and USCG AD
5K National Guard and Reserve
7K Civil Service
32K Family


Alaska in Comparison
• 1/5 the size of the entire U.S.
• Nearly 47,000 miles of coastline
• 2/3 of entire U.S. coastline
• 32 military facilities
• 12 major military installations


Sparrevohn LRRS


Cape Newenham LRRS


King Salmon LRRS


Cold Bay LRRS


Eareckson Air Station


Tatalina LRRSCape Romanzof LRRS


Point Barrow LRRS


Cape Lisburne LRRS


Kotzebue LRRS
Tin City LRRS


Indian Mountain LRRS


Fort Yukon LRRS


Oliktok LRRS


Valdez RRS
Middleton Island RRS


JBER


Ft Wainwright


Clear AFS


USCGAS 
Kodiak


USCGA
S  SitkaMSD Unalaska MSD Ketchikan


Sector JuneauMSD
Homer







Major Training Exercises


VIGILANT SHIELD (NORAD and USNORTHCOM)
 Annual homeland defense command


post exercise


ARCTIC EDGE (USNORTHCOM)
 Biennial homeland defense and/or defense support of 


civil authorities field training exercise linked with joint, 
interagency, State of Alaska Arctic exercises
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Understanding the Arctic
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Arctic Evolution
 Decrease in seasonal sea ice
 Increase in human activity
 Access to natural resources
 Proximity to national 


interests
 Russian trends & 


sovereignty implications
....Arctic understanding


is a global challenge


Russian Claimed Territory & Arctic Bases


NW 
Passage Northern 


Sea 
Route


Receding Arctic Sea Ice, 1979-2012


Summer Arctic Sea
Ice Boundary In 1979


Current Sea Ice:
September 16, 2012







ALCOM Arctic Line of Effort 
Purpose and End State


Purpose
 Support USNORTHCOM Arctic objectives
 Assist in Arctic capability advocacy
 Expand partnerships with academia and the private 


sector to increase situational understanding of Arctic 
developments and potential solutions


End State:  ALCOM is the recognized DOD 
operational-level Arctic subject matter expert, 
mitigating Arctic capability shortfalls, maintaining 
enduring partnerships with key Arctic stakeholders, 
synchronizing Arctic exercises, and sharing Arctic 
knowledge and situational understanding in support 
of NORAD/USNORTHCOM Arctic objectives.
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Current Initiatives
Capability Advocacy


Arctic Capability Advocacy Working 
Group contributor (N&NC/J8)
Arctic capability focus areas
 Arctic Sustainment Package
 Small Unit Support Vehicle (SUSV)  


replacement


Focus:  Enabling capabilities to support defense, safety, and security missions 10



http://media.defense.gov/2015/Dec/11/2001334296/-1/-1/0/151209-F-YW474-197.jpg





Current Initiatives
Academic Support, Education, and KM


 Teaming with academia
 Arctic Domain and Security 


Orientation Course 
 Arctic Speaker Series
 Arctic Maritime Symposium


 Arctic Knowledge Web Presence


Focus:  Enabling capabilities to support defense, safety, and security missions 11


Arctic Speaker Series Aug 2015:  Admiral 
Robert Papp (Ret.) U.S. Special Representative  


for the Arctic


Navy Lt. Cmdr. Paul Cocker (left) ALCOM deputy chief of future 
operations and Operation Colony Glacier project officer with aircraft 


debris from the 1952 C-124 Globemaster II accident


SharePoint Site in Development.  Aims to be a 
storefront for collaboration and a one stop shop for 


Arctic knowledge







Current Initiatives
Security Cooperation


 Bilateral – Canada
 Arctic Security Working Group
 Tri Command Staff Talks
 Bilateral and Multilateral Exercises


 Multilateral – Northern GO/FO Summit


Focus:  Enabling capabilities to support defense, safety, and security missions 12


April 2018 – Northern GO/FO Summit 
Representatives by Trans Alaska Pipeline


Canadian and U.S. forces, Op NUNALIVUT 2014 Ice Camp Skate, ICEX 2018







Research Requirements
Communications | Infrastructure & Equipment


Communications
 Technologies to improve communications equipment 


performance in geographically and environmentally 
unique space


 Infrastructure and Equipment
 Expeditionary and rapid construction methods, 


techniques, and materials for the Arctic
 Effect of climate change on spread and/or degradation 


of groundwater contamination
 Energy alternatives to coal-fired power generation
 Improved methods for construction on 


permafrost in era of climate change
 Ground mobility – Small Unit Support


Vehicle (SUSV) replacement


13







Research Requirements
Domain Awareness | Human Factors


Domain Awareness
 How UAS technologies may be leveraged with emerging 


sensor technologies to underwrite tundra/wildland fire 
detection and monitoring
 Improved sensors for low radar cross section targets
 Domain awareness in specific domains, multi-domain, 


and cross-domain
Human Factors
 Mitigating cold environment effects


on cardiac and respiratory function
 Soldier cold weather protective


gear and equipment


14


U.S. Army Extreme Cold Weather/High Altitude Symposium 
Fort Drum NY and Fort Wainwright AK







Takeaways


Defense of the homeland and our citizens is our #1 
priority
The strategic significance of Alaska to our Nation will 


continue to grow as the Arctic evolves
ALCOM can’t tackle Arctic requirements alone, 


partnerships are key
Defining our requirements to the science and 


technology community is difficult


15
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Always On Mission


LC-130 Capabilities







Always On Mission


Overview
• Mission Overview
• Ground Ops


- Polar Landing Zones (PLZ)
- Assisted Takeoff (ATO)
- Polar Cargo Handling 
- Remote Refuel
- Maintenance Recovery Team (MRT)


• Flight Ops
- IMC Procedures
- Polar Airdrop (PAD)
- SABIR ARM Projects


• SAR Capability
- SAR Range (No Fuel Stop)
- SAR Range (Fuel Stop)
- SAR Range (Airdrop)
- NVG Capability 


• Mission Planning / Risk Mitigation
• New Data Analysis


• SOLO Operations
• LC-130 Ice Data







Always On Mission


109 AW


• 10 LC130 Aircraft
• Only C130 variant equipped with skis 


capable of landing on snow covered 
landing zones. 


• Logistical support to remote polar 
operating areas to include:


• Cargo & Passenger Transport
• Polar Airdrop
• Remote Refuel / Defuel


• Typical Deployment Timelines:
• Oct – Mar: Antarctica (ODF)
• Apr – Aug: Arctic







Always On Mission


Polar Landing Zones


• Wheeled LZ
- Asphalt
- Gravel
- Ice 







Always On Mission


Polar Landing Zones


• Ski LZ  
- Skiway/Landing Area


- IFR/VFR


- Sea/Lake/Glacial Ice


- Open Snow







Always On Mission


Assisted Takeoff (ATO)


• ATO Pros
- Provides additional takeoff 


thrust 
- Increases aft CG


• ATO Cons
- Increased weight
- Increased fuel consumption
- Limited availability


• NP2000 Props







Always On Mission


Polar Cargo Handling


• Offloading Pallets
• Forks/Sleds
• Ski Combat Offload


• Loading Pallets
- Forks/Sleds
- Winching
- Snow Bridge
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Remote Refuel / Defuel


• Remote Refuel
- Fuel Drums
- Bladder
- Aircraft to Aircraft







Always On Mission


Maintenance Recovery


…removed and replaced the nose gear 
assembly in just two days!!







Always On Mission


Flight Ops / IMC Procedures


• Airborne Radar Approaches
• Restricted Operating Zone
• PAU







Always On Mission


IMC Procedures / Whiteout







Always On Mission


Polar Airdrop


• No Ground Support Required 
• HVCDS (max 14 bundles)
• Limitations


- Shortage of Riggers
- Bundles may be buried and/or highly dispersed







Always On Mission


SABIR







Always On Mission


NVG SKI OPS


• Proof of concept conducted 
Greenland 2013


• Planned Aug 2018







Always On Mission


Mission Planning / Risk Mitigation







Always On Mission


Mission Planning Factors


• Terrain Analysis
• Elevation
• Temperature
• Snow Conditions
• Crew Day
• Winds
• Visibility
• Cloud layers 







Always On Mission


Terrain Analysis 
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Reliance on Remote Sensing
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EO / SAR Imagery Analysis
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Ground Team Evaluation
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Ward Hunt Island 
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Ward Hunt Island
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Ward Hunt Island







Always On Mission


Sherard Osburn Fjord
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Sherard Osburn Fjord
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Ski Over Land Operations


• Ski Over Land Operations (SOLO)
• Currently LC-130 ski operations are restricted 


to Ice Cap and Snow over Ice operations


• Development of SOLO is critical to expanding 
area of operations


• Successful study of ability for Ski Operations 
over land would allow for a significant 
expansion of LC-130 operations in the Arctic 
theater







Always On Mission


Ice Thickness Data


• Current ice thickness models are 
insufficient


• Current LC-130 limitations are based on wheeled 
aircraft at maximum operating weights


• Current limits do not address Ski Loading PSI’s 
• A comprehensive study is needed to obtain 


accurate thickness numbers that will apply to the 
LC-130


• Re-examination of existing source data may allow 
changes without new testing


• Current Operational References: AFI 13-217,  
CFACM 10-100, CRREL 90-3, and US Naval Civil 
Engineering Command R860
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Ice Thickness


• CRREL Monograph 90-3


C-130 80psi


LC-130 8psi







Always On Mission


Ice Thickness


Twin Otter data exists
for both wheels and 
skis







Always On Mission


Ice Thickness


LC-130 8psi


C130 data exists for wheels only
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Questions
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National Research 
Council of Canada


U.S./Canada S&T Cooperation -
Improving Arctic Operations by 
Leveraging Our Strengths
May 2018







Presentation Overview
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• Overview of NRC
• Examples of Key Capabilities
• Leveraging International 


Research Opportunities







The NRC at a glance
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Key Roles
 Business innovation
 Federal policy mandates
 Advancing knowledge
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The NRC has evolved to meet the research needs of Canada
Helping build Canada’s innovation system


NATION 
BUILDING WAR TIME BOOM TIME SPACE 


RACE
DIGITAL & 
GLOBAL


CLIMATE 
CHANGE


1916                             Canada evolves . . . NRC responds                         2017


ADVICE


CONDUCT APPLIED & INDUSTRIAL R&D


CONDUCT BASIC SCIENCE PROVIDE SUPPORT 
FOR SMEs (IRAP)


INDUSTRY-ORIENTED 
INSTITUTES


CLUSTER 
INITIATIVES


RESEARCH AND 
TECHNOLOGY 


ORGANIZATION


19
28


19
46


19
86


20
00


20
12


1947: DEFENCE RESEARCH 
BOARD (LATER DRDC AND CRC)


1952: AECL FORMED FROM PARTS 
OF NRC COMMERCIAL PRODUCTS 
DIVISION (LATER NORDION)


1969: MEDICAL RESEARCH COUNCIL (LATER CIHR)


1975: NRC COMMUNICATIONS BRANCH (LATER CSEC)


1978: NSERC
1989: CANADIAN SPACE AGENCY 
(FROM NRC: CANADARM, 
ASTRONAUTS, SPACE SCIENCE)


1930s: WIND TUNNEL 1960s: TRIUMF


MAJOR FACILITIES


2000s: GEMINI, CANADIAN
PHOTONICS FABRICATION CENTRE


EVOLVING NRC ROLE


FEDERAL SPIN-OFFS







The NRC at a glance
A national organization with regional presence & global reach


100-YEAR TRACK RECORD
Science and Innovation
Leadership for Canada


3,700 people


$1B Budget


NRC R&D 
facilities
IRAP 
locations
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Emerging Technologies


Information & 
Communications Technologies


Measurement Science and 
Standards


National Science Infrastructure


Security and Disruptive 
Technologies


Engineering


Construction


Energy, Mining & 
Environment


Ocean, Coastal & River 
Engineering


Transportation & 
Manufacturing


Aerospace


Automotive & Surface 
Transportation


Life Sciences


Aquatic and Crop Resource 
Development


Human Health Therapeutics


Medical Devices


NRC Divisions and Research Centres


6







Winnipeg, MB 
• Advanced manufacturing, process 


design, systems engineering, pilot 
laboratory


London, ON
• Additive manufacturing, product 


development, laser consolidation, 
micro-machining


Ottawa, ON
• Aerospace, vaccines, construction, 


quantum, photonics, machine vision, 
big data analytics, metrology, 
materials characterization and testing


Mississauga, ON (in process)
• Advanced materials for digital 


manufacturing, printed electronics, 
smart objects, devices, sensors


Montreal/Boucherville/ 
Royalmount, QC
• Intelligent machining, robotics, 


advanced materials
• Medical devices, advanced


biologics analytics, 
biomanufacturing pilot plant


Halifax, NS
• Photobioreactors, bioprocessing
• Natural product chemistry, 


bioactive characterization


St. John’s, NFL
• Ocean engineering
• Ice and vessel management


Vancouver, BC
• Batteries, fuel cells and 


industrial tribology Saguenay, QC 
• Aluminium and multi-materials 


assembly
• Hybrid manufacturing (extrusions, 


forgings, castings)


Victoria and Penticton, BC
• Optical and radio telescopes
• Adaptive optics


NRC Onboarding day7


Our Laboratories: A Few Examples


Charlottetown, PE
• Natural product and functional 


ingredient development 
• Analysis and characterization 


Edmonton, AB
• Nanotechnology, electron 


microscopy


Saskatoon, SK
• Small-scale fermentation and 


bioprocessing 
• Plant biotechnologies and plant-growth 


facilities 







NRC Arctic R&D Partnerships
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NRC supports a wide spectrum of 
collaborative research of relevance to 
Arctic operations.


Our partners include, for example,  
Canada’s Department of National 
Defence, Canadian Coast Guard, 
marine and infrastructure industries and 
northern communities.







Laboratory Test Programmes
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Frazil Ice Impacts


Performance Limits – Evacuation Vessels


Maneuvering and stationkeeping







USCG Icebreaker Testing Programme
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Photos: CBC
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Performance Limits - PPE







Environmental and Regulatory
SO2 Abatement on Vessels
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Ice Interaction Modelling
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Operational Pack Ice Forecasting
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Beaufort Sea Engineering Database
• Collaborative project: NRC, BP, Imperial Oil Canada, 


ExxonMobil URC, ConocoPhillips Canada, Indigenous 
and Northern Affairs Canada (now CIRNA), 
Environment Canada - Canadian Ice Service







Canadian Arctic Shipping 
Risk Assessment System
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Seasonal, Ice and All-Season Roads
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Safe Shipping and Guidance for Mariners
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Navigation, Design and Performance


Vessel Performance in Ice
• Field trials
• Ice loads monitoring
• Ice observations







Ice Load Monitoring – Nanisivik Wharf
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Photo: Wikipedia, ShareAlike 3.0 Unported (CC BY-SA 3.0) 
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Lighting:  
Energy 
Efficiency and 
Well-Being







Sewage Treatment for Remote Applications


22







23


Oil Spill R&D - Bioremediation Technologies, 
Oil Spill Detection and Forecasting in Sea Ice







Vessel Performance Evaluation
• Vessel performance monitoring 


systems for wide deployment
• Goals:


• Continuous evaluation of vessel 
performance


• Baseline data for future design or 
equipment changes


• Quantification of effect of significant 
factors on fuel efficiency


• Investigation into efficiency 
optimization in terms of fuel, 
emissions, energy balance, 
safety, and comfort


• Effects of maintenance or system alterations 
on fuel efficiency (e.g. hull and propeller 
cleaning, engine maintenance)
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Aerospace
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Bioenergy, 
Fuel Flexibility 
and Energy 
Storage Materials and storage 


technologies, cleaner combustion, 
biomass conversion, 


low carbon fuels, materials 
storage, techno-economic analysis
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Automotive 
and Surface 
Transportation







Leveraging International Research


• Canada – U.S. co-operation in S&T is facilitated 
under the Critical Infrastructure Protection and 
Border Security (CIPABS) agreement


• U.S. Department of Homeland Security’s Science and 
Technology Branch and Defence Research and 
Development Canada


• Enables federal departments and agencies to establish 
collaborative arrangements for joint activities and information 
sharing between the two countries, including the transfer of 
funds and the exchange of personnel
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Looking ahead


•Gaps for potential collaborative Arctic R&D:
•Environmental characterization at operational 
scales for forecasting


•Technologies that are optimized for remote 
applications – materials, base operations…


• Life-saving appliances that are functional in their 
expected operating environment


• Large-scale infrastructure design and performance 
for changing climatic conditions


• Vessel performance and optimization for energy 
efficiency and environmental security







A Cooperative Approach


30


•Fostering an increase in collaborative research 
between these two Arctic nations leverages 
complimentary data, technologies, expertise and 
facilities, for the development of cost-effective, 
responsive and successful Arctic operations. 


•Collaborative S&T will be essential to make the 
rapid technological advances necessary to meet 
challenges posed by increased activity in the 
Arctic in coming years.







For further discussion on 
collaboration opportunities 
with NRC contact: 


Dr. Jim Millan
Director of Research
Ocean, Coastal and River Engineering (OCRE)
Email: james.millan@nrc-cnrc.gc.ca
Tel: 709-772-2472
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Panel: Arctic Maritime Operations
Moderator
CDR Ruth Lane, Commanding Officer, Naval Ice Center
Director, US National Ice Center


Panelists


Commander Al Siegrist, USS James E Williams (DDG 95)
Mike Hicks, Chief Scientist, International Ice Patrol
Lieutenant Emily Motz, Science Officer, Arctic Submarine Lab
Lisa Hatland, XO CGC KUKUI (WLB 203)





		������Panel: Arctic Maritime Operations��






Mr. Mike Hicks


United States Coast Guard


DoD  Arctic S&T Synchronization Workshop


Arctic Maritime Operations Panel


16 May 2018







IIP Background


• In 1914, the International Convention for the Safety of Life at Sea (SOLAS)


established IIP in response to the sinking of TITANIC on 15 April 1912.


• IIP Mission:


Monitor iceberg danger in the North Atlantic Ocean and provide relevant


warning products to the maritime community.


UNCLASSIFIED







IIP Mission – Iceberg Reconnaissance


Montreal


New York


Norfolk


Miami


Strait of 


Gibraltar


English


Channel


North


Sea


St. Johns


IIP Reconnaissance Region


TITANIC


Transatlantic 


Shipping Lanes


UNCLASSIFIED







The Evolution of Iceberg


Reconnaissance


From ships


(1913-1950)


… to aircraft 


(1946-present) (2017 and beyond)


HC-130J


HC-130H


to satellites


Sentinel-1a,b


Courtesy of ESA


USS Birmingham


US Revenue Cutter 


Seneca


UNCLASSIFIED







Satellite Remote Sensing of Icebergs


Sentinel-1a,b


Courtesy of ESA


• Prior to Sentinel-1 a & b routine use of 


satellites was cost-prohibitive


• IIP began operational use of Sentinel-1


data in 2017:


 High resolution data available at no-cost


 Predictable orbits and modes allow 


operational planning


 Tremendous increase in icebergs detected


by satellite (mostly Sentinel-1)


UNCLASSIFIED







IIP Mission – Iceberg Warnings


IIP is a small US Coast Guard


organization which:


• Receives reports on 1000s of 


iceberg in New London, CT 


Operations Center


• Employs mathematical models to 


forecast iceberg drift and 


deterioration


• Provides a daily depiction of 


iceberg limit and distribution by 


various means


Example iceberg warning graphic


distributed daily by IIP


Not a single ship, heeding IIP’s 


warnings has struck an iceberg since 


its inception in 1914


UNCLASSIFIED







The North American Ice Service 


(NAIS) • An international partnership between 


the Canadian Ice Service, USNIC, 


and IIP. 


• Danish Meteorological Institute and 


NWS, Alaska are NAIS “Observers”


• Mission:  to leverage the strengths of 


these organizations to monitor and 


provide the highest quality, timely, and 


accurate ice analysis to meet the needs 


of the maritime interests of the US and 


Canadian governments in support of:


 Safe and efficient maritime operations;


 Weather and environmental modelling;


 National and environmental security;


 Research and climate understanding; and


 International treaty obligations


UNCLASSIFIED







NAIS Support of USCGC MAPLE


• Ice information support - an outstanding 


example of NAIS partnership:


 USNIC leadership and daily sea ice 


analysis product


 CIS analyst advice as MAPLE 


transited Canadian archipelago


 IIP iceberg support after NW passage 


transit


IIP Iceberg density product for 15-16 August 2017


UNCLASSIFIED


• IIP developed iceberg density product 


based entirely on remote sensing 


(Sentinel-1)







Questions?








USS JAMES E. WILLIAMS (DDG 95) “Lead from the Front” 
UNCLASSIFIED 


UNCLASSIFIED 


Destroyer Operations in the  


High North 


CDR Allen Siegrist 


Commanding Officer 


USS JAMES E. WILLIAMS (DDG 95) 







USS JAMES E. WILLIAMS (DDG 95) “Lead from the Front” 
UNCLASSIFIED 


UNCLASSIFIED 


High North Operational Tasking 


• Deployed May-Dec 2017 


• Tasked to conduct 


OPERATION TITANIUM 


CITADEL (Theater Anti-


Submarine Warfare) 


• Operated in the Arctic, 


IVO Iceland, to include 


the Denmark Strait 


• Challenged to execute 


tactical maneuvers while 


avoiding ice 


 







USS JAMES E. WILLIAMS (DDG 95) “Lead from the Front” 
UNCLASSIFIED 


UNCLASSIFIED 


Ship Sensors 


• Non-tactical use of 


sensors 


–Surface Search Radar 


–Hull Mounted Active 


Sonar Array 


–Air Search Radar 


 







USS JAMES E. WILLIAMS (DDG 95) “Lead from the Front” 
UNCLASSIFIED 


UNCLASSIFIED 


Cooperation with Other Units 


• Organic MH-60R 


Seahawk helicopters 


and inorganic P-8 


Poseidon aircraft 


–Critical for early 


detection 


– Iceberg locations shared 


with ship via datalinks 


• Allied Navy Warships 


and support vessels 







USS JAMES E. WILLIAMS (DDG 95) “Lead from the Front” 
UNCLASSIFIED 


UNCLASSIFIED 


Lessons Learned 


• Ice products? Training 


for deploying ships   


• Weather Fax receiver 


for ice reports 


• Crew training and 


familiarization 


regarding ice 


navigation 


• Sharing non-tactical 


data 







USS JAMES E. WILLIAMS (DDG 95) “Lead from the Front” 
UNCLASSIFIED 


UNCLASSIFIED 


 


 


 


Questions? 








U.S. Coast Guard Arctic 
Operations


CDR Kenneth J. Boda, U.S. Coast Guard
Icebreaker Policy & Capabilities







Ice Escort of HMNZS OTAGO







USCGC BERTHOLF at 
Base Kodiak







Harbor at Nome, AK







USCGC POLAR STAR at Dutch Harbor, 
AK







Polar Bear in Chukchi Sea







Walrus in Chukchi Sea







Musk Ox herd in Nome, AK







POLAR STAR transiting pack ice







Kotzebue, Northwest Alaska







Utqiaġvik (Barrow), AK








1U.S. National Ice Center


Operations & Challenges of Ice Exercise 2018 (ICEX-18)


LT Emily Motz, USN
Science Dept. Head, U.S. National Ice Center


16 May, 2018







2U.S. National Ice Center


ICEX-18 Strategic Objectives
• Submarine Force Readiness


• Assured access and combat credibility by sustaining submarine 
readiness in the Arctic


• Return of the UK to the Arctic (11 year absence)
• Arctic Engagement


• Enhance coordination of national efforts in the Arctic
• Support U.S. military and allied Arctic training requirements


Exercise Overview


ICEX-18 Commander’s Intent
• Execute 14 days US/UK Submarine Tactical Development 


Exercise (TACDEVEX)
• Conduct Exercise Torpedo Firings (TORPEX)
• Conduct US/UK Submarine TACDEV


• Conduct Distinguished Visitor Strategic Engagements
• Pioneer Arctic Beaufort Sea Ice and Establish Drifting U.S. 


Navy Ice Camp







3U.S. National Ice Center


Ice Camp Site Selection & Monitoring


• NAVICE/UAF began 
tracking multi-year 
ice floes in mid-Jan


• Aerial reconnaissance 
for visual observations 
and GPS beacon 
tagging in late-Feb


• Pioneering flights for 
ice core measurements 
& EM surveys


• Regional Ice 
Fracturing Risk 
Assessment


Ice floe criteria: multi-year ice for camp operations co-located next to first-year ice 
for flight operations, 150-250NM range from Prudhoe Bay and west of 144oW







4U.S. National Ice Center


• Goal #1: Measure snow and ice thickness before
landing aircraft


– Airborne or undersea sensor


• Goal #2: Predict risk of fracturing on a micro-scale, 
individual floe level


– CRREL demonstrated ice stress and breakup 
monitoring system at Camp SKATE


– Automate ice stress monitoring and give early 
warning of fracturing


– Extend ice stress monitoring to site selection phase


Ice Camp Site Selection & Monitoring
Challenges


Camp SKATE







5U.S. National Ice Center


• Goal #1: Cold-resilient equipment
– Frost accumulation effected weather sensors
– Blowing snow effected heaters
– Condensation effected large Air-Beam shelters


• Goal #2: Low cost, secure communications designed for cold 
weather & high latitude


– Iridium handheld phones antenna v. battery
– Fixed antennas not designed for high latitude & drifting platform
– Iridium Pilot is reliable, but slow and expensive


Equipment & Communications
Challenges







6U.S. National Ice Center


Command Duty Officer
nic.cdo@noaa.gov


nic.cdo@navy.smil.mil


Watch floor: (301) 817-3975 
Cell phone: (301) 943-6077 


www.natice.noaa.gov
www.facebook.com/nationalnavalicecenter


Questions & Comments



mailto:nic.cdo@noaa.gov

mailto:nic.cdo@navy.smil.mil

http://www.natice.noaa.gov/

http://www.facebook.com/nationalnavalicecenter
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Arctic Infrastructure & 
Domain Awareness Research


within the


Presented by
Aaron D. Dotson, P.E., Ph.D., Associate Professor


for 
Thomas Ravens, Ph.D., Associate Dean of Research


Prepared for
2018 DoD Arctic Science & Technology Synchronization Workshop


Hanover, NH, CRREL, May 16th – 18th, 2018
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Permafrost Characteristics of Alaska 


Continuous


Discontinuous


Isolated


2008,  Institute of Northern Engineering, University of Alaska Fairbanks
December update to July NICOP map


Projection: Albers Alaska, NAD 83
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Other Features


Major Roads


Trans-Alaska Pipeline


Sporadic


Torre Jorgenson, Kenji Yoshikawa, Mikhail Kanevskiy, and Yuri Shur 
University of Alaska Fairbanks, Institute of Northern Engineering, Fairbanks, Alaska, USA 


Vladimir Romanovsky, Sergei Marchenko, and Guido Grosse 
University of Alaska Fairbanks, Geophysical Institute, Fairbanks, Alaska, USA 


Jerry Brown 
International Permafrost Association, Woods Hole, Massachusetts, USA 


Ben Jones 
U.S. Geological Survey, Anchorage, Alaska, USA 


A new permafrost map of Alaska, using a terrain-unit approach for 
mapping permafrost distribution based on climate and surficial geology is 
presented in conjunction with the Ninth International Conference on 
Permafrost held at the University of Alaska, June 29 to July 3, 2008. This map 
represents the third iteration of a permafrost map for Alaska, following the 
circum-arctic permafrost map (Brown et al. 1997), which made minor 
modifications to the initial map by Ferrians (1965). To map permafrost, we 
developed a rule-based model (see color-coded table) that incorporated mean 
annual air temperatures (MAAT) from the PRISM climate map and the 
surficial geology map (see back), of Karlstrom et al. (1964). We used terrain-
permafrost relationships developed by Kreig and Reger (1982) and our 
knowledge of permafrost distribution to assign permafrost characteristics to 
each surficial deposit under varying temperatures. Surficial geology greatly 
affects permafrost characteristics because of differences in topography, soil 
texture (which affects moisture and thermal properties) and hydrology 
(surface-water and groundwater). We modified the surficial geology map to 
update some areas with new information (e.g., eolian loess and sand, and 
glaciomarine deposits).  


We coded the permafrost map with surficial geology, MAAT, primary 
soil texture, permafrost extent, ground ice volume, and primary thermokarst 
landforms. The map focuses on the top 10 m of permafrost, where permafrost 
can be more readily mapped from surface features, determined by simple field 
measurements, and where ground ice usually is most abundant. Distribution of 
permafrost shown on the map is therefore also based on our knowledge about 
the presence or absence of permafrost within the upper 10 m. Although we 
used recent MAAT in our rule-based model, we note that permafrost 
distribution is greatly affected by past climates. 


We relied on many sources for the effort but are not able to cite all 
references here. The main map shows permafrost thickness values based on 
MacCarthy (1952), Brewer (1958), Ferrians (1965), Péwé (1975), Osterkamp 
and Payne (1981), Lachenbruch et al. (1987), and Collett et al. (1989). Depths 
were determined by temperature logging or interpretation of ice-bearing 
permafrost from geophysical data. Southerly sites are included when the 
presence of permafrost is evident even if permafrost thicknesses were not 
determined. 


The following characteristics are shown on small thematic maps on the 
reverse side of the main map: 


Ground temperatures (usually measured at depths 20-30 m) were obtained 
from boreholes by V. Romanovsky, G. Clow, K. Yoshikawa, and T. 
Osterkamp as part of the Thermal State of Permafrost project for the 
International Polar Year (Brown and Romanovsky 2008). Only recent data are 
used. 


Ground ice volumes were estimated for the upper 5 m of permafrost using 
terrain relationships established by Kreig and Reger (1982) and our field data. 
Ground ice volume near the surface is higher in colder regions due to active 
ice-wedge formation and ice segregation in fine-grained deposits. Buried 
glacial ice in old or stagnant young moraines is included, but is irregularly 
distributed at this map scale. 


Pingo distribution was compiled mostly from Holmes et al. (1968), 
Galloway and Carter (1978), and Walker et al. (1985) and by satellite image 
interpretation. There are >1500 known pingos in Alaska. In central Alaska and 
nearby Yukon areas, there are ~760 pingos, mostly open-system. Closed-
system pingos predominate in the North Slope, Seward Peninsula, and Noatak 
regions. Not all pingos have been inventoried.   


Bedrock
Colluvium: Hillside
Colluvium: Retransp.
Glacial: Old
Glacial: Young
Eolian: Sand
Eolian: Loess
Glaciofluvial: Old
Glaciofluvial: Young
Glaciolacustrine
Glaciomarine
Fluvial: Aband./Terr.
Fluvial: Active/Inact.
Alluvial-Marine
Coastal: Beach
Coastal: Delta
Water
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See color legend below
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Permafrost Distribution


Glacier


Continuous (>90%)


Discontinuous (50-90%)


Sporadic (10-50%)


Isolated (>0-10%)


Absent (0%)


Large Waterbodies (unfrozen below)


Permafrost_Zones Generalized


Permafrost Depth (m)


! 5 - 50
!( 51 - 100


!( 101 - 200


!( 201 - 300


!( 301 - 500


!( 501 - 600
# Permafrost present but depth unknown


The distribution of ice wedges was determined from the literature, from 
polygonal patterns evident on remote sensing imagery, and from our field 
experience. Ice wedges actively form mainly in the continuous permafrost 
zone, and are inactive to weakly active in the discontinuous zone (Péwé 
1975). Holocene ice wedges, which are limited to the top 3-5 m of permafrost, 
are smaller than large, deep (up to 35 m) syngenetic ice wedges formed during 
the Late Pleistocene. Symbols for abundant ice wedges denote general 
locations, whereas, symbols for sparse Holocene and Late Pleistocene wedges 
indicate specific areas, though distribution remains poorly known. 


Thermokarst landforms are abundant in all permafrost zones (Jorgenson 
et al. 2008). They are varied, due to differences in temperature, ground ice 
volume, soil texture, slope, and hydrologic conditions. Abundance of 
thermokarst is difficult to map because of the wide range in size of features 
from small pits to large lakes, and similar landforms may have different 
origin. 


The permafrost zones underlie 80% of Alaska, including continuous 
(32%), discontinuous (31%), sporadic (8%), and isolated (10%) permafrost. 
Glaciers and ice sheets occupy 4% of the area.  


Many improvements are needed for a better permafrost map, including: a 
surficial geology map with updated information and better spatial accuracy; 
more information of terrain/ground ice/temperature/permafrost relationships, 
more temperature boreholes, and improved spatial models. 
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Permafrost is highly variable in its:


• Occurrence 


• Physical Properties


• Climate Interactions
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A new permafrost map of Alaska, using a terrain-unit approach for 
mapping permafrost distribution based on climate and surficial geology is 
presented in conjunction with the Ninth International Conference on 
Permafrost held at the University of Alaska, June 29 to July 3, 2008. This map 
represents the third iteration of a permafrost map for Alaska, following the 
circum-arctic permafrost map (Brown et al. 1997), which made minor 
modifications to the initial map by Ferrians (1965). To map permafrost, we 
developed a rule-based model (see color-coded table) that incorporated mean 
annual air temperatures (MAAT) from the PRISM climate map and the 
surficial geology map (see back), of Karlstrom et al. (1964). We used terrain-
permafrost relationships developed by Kreig and Reger (1982) and our 
knowledge of permafrost distribution to assign permafrost characteristics to 
each surficial deposit under varying temperatures. Surficial geology greatly 
affects permafrost characteristics because of differences in topography, soil 
texture (which affects moisture and thermal properties) and hydrology 
(surface-water and groundwater). We modified the surficial geology map to 
update some areas with new information (e.g., eolian loess and sand, and 
glaciomarine deposits).  


We coded the permafrost map with surficial geology, MAAT, primary 
soil texture, permafrost extent, ground ice volume, and primary thermokarst 
landforms. The map focuses on the top 10 m of permafrost, where permafrost 
can be more readily mapped from surface features, determined by simple field 
measurements, and where ground ice usually is most abundant. Distribution of 
permafrost shown on the map is therefore also based on our knowledge about 
the presence or absence of permafrost within the upper 10 m. Although we 
used recent MAAT in our rule-based model, we note that permafrost 
distribution is greatly affected by past climates. 


We relied on many sources for the effort but are not able to cite all 
references here. The main map shows permafrost thickness values based on 
MacCarthy (1952), Brewer (1958), Ferrians (1965), Péwé (1975), Osterkamp 
and Payne (1981), Lachenbruch et al. (1987), and Collett et al. (1989). Depths 
were determined by temperature logging or interpretation of ice-bearing 
permafrost from geophysical data. Southerly sites are included when the 
presence of permafrost is evident even if permafrost thicknesses were not 
determined. 


The following characteristics are shown on small thematic maps on the 
reverse side of the main map: 


Ground temperatures (usually measured at depths 20-30 m) were obtained 
from boreholes by V. Romanovsky, G. Clow, K. Yoshikawa, and T. 
Osterkamp as part of the Thermal State of Permafrost project for the 
International Polar Year (Brown and Romanovsky 2008). Only recent data are 
used. 


Ground ice volumes were estimated for the upper 5 m of permafrost using 
terrain relationships established by Kreig and Reger (1982) and our field data. 
Ground ice volume near the surface is higher in colder regions due to active 
ice-wedge formation and ice segregation in fine-grained deposits. Buried 
glacial ice in old or stagnant young moraines is included, but is irregularly 
distributed at this map scale. 


Pingo distribution was compiled mostly from Holmes et al. (1968), 
Galloway and Carter (1978), and Walker et al. (1985) and by satellite image 
interpretation. There are >1500 known pingos in Alaska. In central Alaska and 
nearby Yukon areas, there are ~760 pingos, mostly open-system. Closed-
system pingos predominate in the North Slope, Seward Peninsula, and Noatak 
regions. Not all pingos have been inventoried.   
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The distribution of ice wedges was determined from the literature, from 
polygonal patterns evident on remote sensing imagery, and from our field 
experience. Ice wedges actively form mainly in the continuous permafrost 
zone, and are inactive to weakly active in the discontinuous zone (Péwé 
1975). Holocene ice wedges, which are limited to the top 3-5 m of permafrost, 
are smaller than large, deep (up to 35 m) syngenetic ice wedges formed during 
the Late Pleistocene. Symbols for abundant ice wedges denote general 
locations, whereas, symbols for sparse Holocene and Late Pleistocene wedges 
indicate specific areas, though distribution remains poorly known. 


Thermokarst landforms are abundant in all permafrost zones (Jorgenson 
et al. 2008). They are varied, due to differences in temperature, ground ice 
volume, soil texture, slope, and hydrologic conditions. Abundance of 
thermokarst is difficult to map because of the wide range in size of features 
from small pits to large lakes, and similar landforms may have different 
origin. 


The permafrost zones underlie 80% of Alaska, including continuous 
(32%), discontinuous (31%), sporadic (8%), and isolated (10%) permafrost. 
Glaciers and ice sheets occupy 4% of the area.  


Many improvements are needed for a better permafrost map, including: a 
surficial geology map with updated information and better spatial accuracy; 
more information of terrain/ground ice/temperature/permafrost relationships, 
more temperature boreholes, and improved spatial models. 
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A new permafrost map of Alaska, using a terrain-unit approach for 
mapping permafrost distribution based on climate and surficial geology is 
presented in conjunction with the Ninth International Conference on 
Permafrost held at the University of Alaska, June 29 to July 3, 2008. This map 
represents the third iteration of a permafrost map for Alaska, following the 
circum-arctic permafrost map (Brown et al. 1997), which made minor 
modifications to the initial map by Ferrians (1965). To map permafrost, we 
developed a rule-based model (see color-coded table) that incorporated mean 
annual air temperatures (MAAT) from the PRISM climate map and the 
surficial geology map (see back), of Karlstrom et al. (1964). We used terrain-
permafrost relationships developed by Kreig and Reger (1982) and our 
knowledge of permafrost distribution to assign permafrost characteristics to 
each surficial deposit under varying temperatures. Surficial geology greatly 
affects permafrost characteristics because of differences in topography, soil 
texture (which affects moisture and thermal properties) and hydrology 
(surface-water and groundwater). We modified the surficial geology map to 
update some areas with new information (e.g., eolian loess and sand, and 
glaciomarine deposits).  


We coded the permafrost map with surficial geology, MAAT, primary 
soil texture, permafrost extent, ground ice volume, and primary thermokarst 
landforms. The map focuses on the top 10 m of permafrost, where permafrost 
can be more readily mapped from surface features, determined by simple field 
measurements, and where ground ice usually is most abundant. Distribution of 
permafrost shown on the map is therefore also based on our knowledge about 
the presence or absence of permafrost within the upper 10 m. Although we 
used recent MAAT in our rule-based model, we note that permafrost 
distribution is greatly affected by past climates. 


We relied on many sources for the effort but are not able to cite all 
references here. The main map shows permafrost thickness values based on 
MacCarthy (1952), Brewer (1958), Ferrians (1965), Péwé (1975), Osterkamp 
and Payne (1981), Lachenbruch et al. (1987), and Collett et al. (1989). Depths 
were determined by temperature logging or interpretation of ice-bearing 
permafrost from geophysical data. Southerly sites are included when the 
presence of permafrost is evident even if permafrost thicknesses were not 
determined. 


The following characteristics are shown on small thematic maps on the 
reverse side of the main map: 


Ground temperatures (usually measured at depths 20-30 m) were obtained 
from boreholes by V. Romanovsky, G. Clow, K. Yoshikawa, and T. 
Osterkamp as part of the Thermal State of Permafrost project for the 
International Polar Year (Brown and Romanovsky 2008). Only recent data are 
used. 


Ground ice volumes were estimated for the upper 5 m of permafrost using 
terrain relationships established by Kreig and Reger (1982) and our field data. 
Ground ice volume near the surface is higher in colder regions due to active 
ice-wedge formation and ice segregation in fine-grained deposits. Buried 
glacial ice in old or stagnant young moraines is included, but is irregularly 
distributed at this map scale. 


Pingo distribution was compiled mostly from Holmes et al. (1968), 
Galloway and Carter (1978), and Walker et al. (1985) and by satellite image 
interpretation. There are >1500 known pingos in Alaska. In central Alaska and 
nearby Yukon areas, there are ~760 pingos, mostly open-system. Closed-
system pingos predominate in the North Slope, Seward Peninsula, and Noatak 
regions. Not all pingos have been inventoried.   
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The distribution of ice wedges was determined from the literature, from 
polygonal patterns evident on remote sensing imagery, and from our field 
experience. Ice wedges actively form mainly in the continuous permafrost 
zone, and are inactive to weakly active in the discontinuous zone (Péwé 
1975). Holocene ice wedges, which are limited to the top 3-5 m of permafrost, 
are smaller than large, deep (up to 35 m) syngenetic ice wedges formed during 
the Late Pleistocene. Symbols for abundant ice wedges denote general 
locations, whereas, symbols for sparse Holocene and Late Pleistocene wedges 
indicate specific areas, though distribution remains poorly known. 


Thermokarst landforms are abundant in all permafrost zones (Jorgenson 
et al. 2008). They are varied, due to differences in temperature, ground ice 
volume, soil texture, slope, and hydrologic conditions. Abundance of 
thermokarst is difficult to map because of the wide range in size of features 
from small pits to large lakes, and similar landforms may have different 
origin. 


The permafrost zones underlie 80% of Alaska, including continuous 
(32%), discontinuous (31%), sporadic (8%), and isolated (10%) permafrost. 
Glaciers and ice sheets occupy 4% of the area.  


Many improvements are needed for a better permafrost map, including: a 
surficial geology map with updated information and better spatial accuracy; 
more information of terrain/ground ice/temperature/permafrost relationships, 
more temperature boreholes, and improved spatial models. 
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Temporary Infrastructure


• Pile Load Tests Using Spiral Legs to support 
Temporary Drilling Platform 
• Took place in Prudhoe Bay, AK
• Could be repeated anywhere where removal of 


foundations is important
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A new permafrost map of Alaska, using a terrain-unit approach for 
mapping permafrost distribution based on climate and surficial geology is 
presented in conjunction with the Ninth International Conference on 
Permafrost held at the University of Alaska, June 29 to July 3, 2008. This map 
represents the third iteration of a permafrost map for Alaska, following the 
circum-arctic permafrost map (Brown et al. 1997), which made minor 
modifications to the initial map by Ferrians (1965). To map permafrost, we 
developed a rule-based model (see color-coded table) that incorporated mean 
annual air temperatures (MAAT) from the PRISM climate map and the 
surficial geology map (see back), of Karlstrom et al. (1964). We used terrain-
permafrost relationships developed by Kreig and Reger (1982) and our 
knowledge of permafrost distribution to assign permafrost characteristics to 
each surficial deposit under varying temperatures. Surficial geology greatly 
affects permafrost characteristics because of differences in topography, soil 
texture (which affects moisture and thermal properties) and hydrology 
(surface-water and groundwater). We modified the surficial geology map to 
update some areas with new information (e.g., eolian loess and sand, and 
glaciomarine deposits).  


We coded the permafrost map with surficial geology, MAAT, primary 
soil texture, permafrost extent, ground ice volume, and primary thermokarst 
landforms. The map focuses on the top 10 m of permafrost, where permafrost 
can be more readily mapped from surface features, determined by simple field 
measurements, and where ground ice usually is most abundant. Distribution of 
permafrost shown on the map is therefore also based on our knowledge about 
the presence or absence of permafrost within the upper 10 m. Although we 
used recent MAAT in our rule-based model, we note that permafrost 
distribution is greatly affected by past climates. 


We relied on many sources for the effort but are not able to cite all 
references here. The main map shows permafrost thickness values based on 
MacCarthy (1952), Brewer (1958), Ferrians (1965), Péwé (1975), Osterkamp 
and Payne (1981), Lachenbruch et al. (1987), and Collett et al. (1989). Depths 
were determined by temperature logging or interpretation of ice-bearing 
permafrost from geophysical data. Southerly sites are included when the 
presence of permafrost is evident even if permafrost thicknesses were not 
determined. 


The following characteristics are shown on small thematic maps on the 
reverse side of the main map: 


Ground temperatures (usually measured at depths 20-30 m) were obtained 
from boreholes by V. Romanovsky, G. Clow, K. Yoshikawa, and T. 
Osterkamp as part of the Thermal State of Permafrost project for the 
International Polar Year (Brown and Romanovsky 2008). Only recent data are 
used. 


Ground ice volumes were estimated for the upper 5 m of permafrost using 
terrain relationships established by Kreig and Reger (1982) and our field data. 
Ground ice volume near the surface is higher in colder regions due to active 
ice-wedge formation and ice segregation in fine-grained deposits. Buried 
glacial ice in old or stagnant young moraines is included, but is irregularly 
distributed at this map scale. 


Pingo distribution was compiled mostly from Holmes et al. (1968), 
Galloway and Carter (1978), and Walker et al. (1985) and by satellite image 
interpretation. There are >1500 known pingos in Alaska. In central Alaska and 
nearby Yukon areas, there are ~760 pingos, mostly open-system. Closed-
system pingos predominate in the North Slope, Seward Peninsula, and Noatak 
regions. Not all pingos have been inventoried.   
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The distribution of ice wedges was determined from the literature, from 
polygonal patterns evident on remote sensing imagery, and from our field 
experience. Ice wedges actively form mainly in the continuous permafrost 
zone, and are inactive to weakly active in the discontinuous zone (Péwé 
1975). Holocene ice wedges, which are limited to the top 3-5 m of permafrost, 
are smaller than large, deep (up to 35 m) syngenetic ice wedges formed during 
the Late Pleistocene. Symbols for abundant ice wedges denote general 
locations, whereas, symbols for sparse Holocene and Late Pleistocene wedges 
indicate specific areas, though distribution remains poorly known. 


Thermokarst landforms are abundant in all permafrost zones (Jorgenson 
et al. 2008). They are varied, due to differences in temperature, ground ice 
volume, soil texture, slope, and hydrologic conditions. Abundance of 
thermokarst is difficult to map because of the wide range in size of features 
from small pits to large lakes, and similar landforms may have different 
origin. 


The permafrost zones underlie 80% of Alaska, including continuous 
(32%), discontinuous (31%), sporadic (8%), and isolated (10%) permafrost. 
Glaciers and ice sheets occupy 4% of the area.  


Many improvements are needed for a better permafrost map, including: a 
surficial geology map with updated information and better spatial accuracy; 
more information of terrain/ground ice/temperature/permafrost relationships, 
more temperature boreholes, and improved spatial models. 
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ß Broadly Applicable


Permafrost is highly variable in its:
• Localized Occurrence 


• Physical Properties


• Interaction with Infrastructure







Localized Occurrence
Geophysics – Goldstream Road


Fairbanks, AK 
a) Ground Penetrating Radar
b) DC – Electrical Resistive Tomography
c) Conceptual model 
d) CC – Electrical Resistive Tomography 
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A new permafrost map of Alaska, using a terrain-unit approach for 
mapping permafrost distribution based on climate and surficial geology is 
presented in conjunction with the Ninth International Conference on 
Permafrost held at the University of Alaska, June 29 to July 3, 2008. This map 
represents the third iteration of a permafrost map for Alaska, following the 
circum-arctic permafrost map (Brown et al. 1997), which made minor 
modifications to the initial map by Ferrians (1965). To map permafrost, we 
developed a rule-based model (see color-coded table) that incorporated mean 
annual air temperatures (MAAT) from the PRISM climate map and the 
surficial geology map (see back), of Karlstrom et al. (1964). We used terrain-
permafrost relationships developed by Kreig and Reger (1982) and our 
knowledge of permafrost distribution to assign permafrost characteristics to 
each surficial deposit under varying temperatures. Surficial geology greatly 
affects permafrost characteristics because of differences in topography, soil 
texture (which affects moisture and thermal properties) and hydrology 
(surface-water and groundwater). We modified the surficial geology map to 
update some areas with new information (e.g., eolian loess and sand, and 
glaciomarine deposits).  


We coded the permafrost map with surficial geology, MAAT, primary 
soil texture, permafrost extent, ground ice volume, and primary thermokarst 
landforms. The map focuses on the top 10 m of permafrost, where permafrost 
can be more readily mapped from surface features, determined by simple field 
measurements, and where ground ice usually is most abundant. Distribution of 
permafrost shown on the map is therefore also based on our knowledge about 
the presence or absence of permafrost within the upper 10 m. Although we 
used recent MAAT in our rule-based model, we note that permafrost 
distribution is greatly affected by past climates. 


We relied on many sources for the effort but are not able to cite all 
references here. The main map shows permafrost thickness values based on 
MacCarthy (1952), Brewer (1958), Ferrians (1965), Péwé (1975), Osterkamp 
and Payne (1981), Lachenbruch et al. (1987), and Collett et al. (1989). Depths 
were determined by temperature logging or interpretation of ice-bearing 
permafrost from geophysical data. Southerly sites are included when the 
presence of permafrost is evident even if permafrost thicknesses were not 
determined. 


The following characteristics are shown on small thematic maps on the 
reverse side of the main map: 


Ground temperatures (usually measured at depths 20-30 m) were obtained 
from boreholes by V. Romanovsky, G. Clow, K. Yoshikawa, and T. 
Osterkamp as part of the Thermal State of Permafrost project for the 
International Polar Year (Brown and Romanovsky 2008). Only recent data are 
used. 


Ground ice volumes were estimated for the upper 5 m of permafrost using 
terrain relationships established by Kreig and Reger (1982) and our field data. 
Ground ice volume near the surface is higher in colder regions due to active 
ice-wedge formation and ice segregation in fine-grained deposits. Buried 
glacial ice in old or stagnant young moraines is included, but is irregularly 
distributed at this map scale. 


Pingo distribution was compiled mostly from Holmes et al. (1968), 
Galloway and Carter (1978), and Walker et al. (1985) and by satellite image 
interpretation. There are >1500 known pingos in Alaska. In central Alaska and 
nearby Yukon areas, there are ~760 pingos, mostly open-system. Closed-
system pingos predominate in the North Slope, Seward Peninsula, and Noatak 
regions. Not all pingos have been inventoried.   
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The distribution of ice wedges was determined from the literature, from 
polygonal patterns evident on remote sensing imagery, and from our field 
experience. Ice wedges actively form mainly in the continuous permafrost 
zone, and are inactive to weakly active in the discontinuous zone (Péwé 
1975). Holocene ice wedges, which are limited to the top 3-5 m of permafrost, 
are smaller than large, deep (up to 35 m) syngenetic ice wedges formed during 
the Late Pleistocene. Symbols for abundant ice wedges denote general 
locations, whereas, symbols for sparse Holocene and Late Pleistocene wedges 
indicate specific areas, though distribution remains poorly known. 


Thermokarst landforms are abundant in all permafrost zones (Jorgenson 
et al. 2008). They are varied, due to differences in temperature, ground ice 
volume, soil texture, slope, and hydrologic conditions. Abundance of 
thermokarst is difficult to map because of the wide range in size of features 
from small pits to large lakes, and similar landforms may have different 
origin. 


The permafrost zones underlie 80% of Alaska, including continuous 
(32%), discontinuous (31%), sporadic (8%), and isolated (10%) permafrost. 
Glaciers and ice sheets occupy 4% of the area.  


Many improvements are needed for a better permafrost map, including: a 
surficial geology map with updated information and better spatial accuracy; 
more information of terrain/ground ice/temperature/permafrost relationships, 
more temperature boreholes, and improved spatial models. 
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ß Broadly Applicable


Permafrost is highly variable in its:
• Localized Occurrence 


• Physical Properties


• Interaction with Infrastructure







• Cold room facilities for permafrost specimen preparation
• Lab for permafrost mechanical and creep property testing
• Permafrost thermal property during thawing including salinity effects


Quantifying Structure of Frozen Soils







Simulating Fluid-thermal-structure interaction


Types of Potential Studies


• Heat transfer and phase change of permafrost;
• Fluid motion in porous media;
• Transport of water and water soluble 


components;


• Correlating water and permafrost properties;
• Dynamic mesh for subsidence and frost heaving. Image from: https://www.ufz.de/index.php?en=37482
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A new permafrost map of Alaska, using a terrain-unit approach for 
mapping permafrost distribution based on climate and surficial geology is 
presented in conjunction with the Ninth International Conference on 
Permafrost held at the University of Alaska, June 29 to July 3, 2008. This map 
represents the third iteration of a permafrost map for Alaska, following the 
circum-arctic permafrost map (Brown et al. 1997), which made minor 
modifications to the initial map by Ferrians (1965). To map permafrost, we 
developed a rule-based model (see color-coded table) that incorporated mean 
annual air temperatures (MAAT) from the PRISM climate map and the 
surficial geology map (see back), of Karlstrom et al. (1964). We used terrain-
permafrost relationships developed by Kreig and Reger (1982) and our 
knowledge of permafrost distribution to assign permafrost characteristics to 
each surficial deposit under varying temperatures. Surficial geology greatly 
affects permafrost characteristics because of differences in topography, soil 
texture (which affects moisture and thermal properties) and hydrology 
(surface-water and groundwater). We modified the surficial geology map to 
update some areas with new information (e.g., eolian loess and sand, and 
glaciomarine deposits).  


We coded the permafrost map with surficial geology, MAAT, primary 
soil texture, permafrost extent, ground ice volume, and primary thermokarst 
landforms. The map focuses on the top 10 m of permafrost, where permafrost 
can be more readily mapped from surface features, determined by simple field 
measurements, and where ground ice usually is most abundant. Distribution of 
permafrost shown on the map is therefore also based on our knowledge about 
the presence or absence of permafrost within the upper 10 m. Although we 
used recent MAAT in our rule-based model, we note that permafrost 
distribution is greatly affected by past climates. 


We relied on many sources for the effort but are not able to cite all 
references here. The main map shows permafrost thickness values based on 
MacCarthy (1952), Brewer (1958), Ferrians (1965), Péwé (1975), Osterkamp 
and Payne (1981), Lachenbruch et al. (1987), and Collett et al. (1989). Depths 
were determined by temperature logging or interpretation of ice-bearing 
permafrost from geophysical data. Southerly sites are included when the 
presence of permafrost is evident even if permafrost thicknesses were not 
determined. 


The following characteristics are shown on small thematic maps on the 
reverse side of the main map: 


Ground temperatures (usually measured at depths 20-30 m) were obtained 
from boreholes by V. Romanovsky, G. Clow, K. Yoshikawa, and T. 
Osterkamp as part of the Thermal State of Permafrost project for the 
International Polar Year (Brown and Romanovsky 2008). Only recent data are 
used. 


Ground ice volumes were estimated for the upper 5 m of permafrost using 
terrain relationships established by Kreig and Reger (1982) and our field data. 
Ground ice volume near the surface is higher in colder regions due to active 
ice-wedge formation and ice segregation in fine-grained deposits. Buried 
glacial ice in old or stagnant young moraines is included, but is irregularly 
distributed at this map scale. 


Pingo distribution was compiled mostly from Holmes et al. (1968), 
Galloway and Carter (1978), and Walker et al. (1985) and by satellite image 
interpretation. There are >1500 known pingos in Alaska. In central Alaska and 
nearby Yukon areas, there are ~760 pingos, mostly open-system. Closed-
system pingos predominate in the North Slope, Seward Peninsula, and Noatak 
regions. Not all pingos have been inventoried.   
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The distribution of ice wedges was determined from the literature, from 
polygonal patterns evident on remote sensing imagery, and from our field 
experience. Ice wedges actively form mainly in the continuous permafrost 
zone, and are inactive to weakly active in the discontinuous zone (Péwé 
1975). Holocene ice wedges, which are limited to the top 3-5 m of permafrost, 
are smaller than large, deep (up to 35 m) syngenetic ice wedges formed during 
the Late Pleistocene. Symbols for abundant ice wedges denote general 
locations, whereas, symbols for sparse Holocene and Late Pleistocene wedges 
indicate specific areas, though distribution remains poorly known. 


Thermokarst landforms are abundant in all permafrost zones (Jorgenson 
et al. 2008). They are varied, due to differences in temperature, ground ice 
volume, soil texture, slope, and hydrologic conditions. Abundance of 
thermokarst is difficult to map because of the wide range in size of features 
from small pits to large lakes, and similar landforms may have different 
origin. 


The permafrost zones underlie 80% of Alaska, including continuous 
(32%), discontinuous (31%), sporadic (8%), and isolated (10%) permafrost. 
Glaciers and ice sheets occupy 4% of the area.  


Many improvements are needed for a better permafrost map, including: a 
surficial geology map with updated information and better spatial accuracy; 
more information of terrain/ground ice/temperature/permafrost relationships, 
more temperature boreholes, and improved spatial models. 
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ß Broadly Applicable


Permafrost is highly variable in its:
• Localized Occurrence 


• Physical Properties


• Interaction with Infrastructure
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A new permafrost map of Alaska, using a terrain-unit approach for 
mapping permafrost distribution based on climate and surficial geology is 
presented in conjunction with the Ninth International Conference on 
Permafrost held at the University of Alaska, June 29 to July 3, 2008. This map 
represents the third iteration of a permafrost map for Alaska, following the 
circum-arctic permafrost map (Brown et al. 1997), which made minor 
modifications to the initial map by Ferrians (1965). To map permafrost, we 
developed a rule-based model (see color-coded table) that incorporated mean 
annual air temperatures (MAAT) from the PRISM climate map and the 
surficial geology map (see back), of Karlstrom et al. (1964). We used terrain-
permafrost relationships developed by Kreig and Reger (1982) and our 
knowledge of permafrost distribution to assign permafrost characteristics to 
each surficial deposit under varying temperatures. Surficial geology greatly 
affects permafrost characteristics because of differences in topography, soil 
texture (which affects moisture and thermal properties) and hydrology 
(surface-water and groundwater). We modified the surficial geology map to 
update some areas with new information (e.g., eolian loess and sand, and 
glaciomarine deposits).  


We coded the permafrost map with surficial geology, MAAT, primary 
soil texture, permafrost extent, ground ice volume, and primary thermokarst 
landforms. The map focuses on the top 10 m of permafrost, where permafrost 
can be more readily mapped from surface features, determined by simple field 
measurements, and where ground ice usually is most abundant. Distribution of 
permafrost shown on the map is therefore also based on our knowledge about 
the presence or absence of permafrost within the upper 10 m. Although we 
used recent MAAT in our rule-based model, we note that permafrost 
distribution is greatly affected by past climates. 


We relied on many sources for the effort but are not able to cite all 
references here. The main map shows permafrost thickness values based on 
MacCarthy (1952), Brewer (1958), Ferrians (1965), Péwé (1975), Osterkamp 
and Payne (1981), Lachenbruch et al. (1987), and Collett et al. (1989). Depths 
were determined by temperature logging or interpretation of ice-bearing 
permafrost from geophysical data. Southerly sites are included when the 
presence of permafrost is evident even if permafrost thicknesses were not 
determined. 


The following characteristics are shown on small thematic maps on the 
reverse side of the main map: 


Ground temperatures (usually measured at depths 20-30 m) were obtained 
from boreholes by V. Romanovsky, G. Clow, K. Yoshikawa, and T. 
Osterkamp as part of the Thermal State of Permafrost project for the 
International Polar Year (Brown and Romanovsky 2008). Only recent data are 
used. 


Ground ice volumes were estimated for the upper 5 m of permafrost using 
terrain relationships established by Kreig and Reger (1982) and our field data. 
Ground ice volume near the surface is higher in colder regions due to active 
ice-wedge formation and ice segregation in fine-grained deposits. Buried 
glacial ice in old or stagnant young moraines is included, but is irregularly 
distributed at this map scale. 


Pingo distribution was compiled mostly from Holmes et al. (1968), 
Galloway and Carter (1978), and Walker et al. (1985) and by satellite image 
interpretation. There are >1500 known pingos in Alaska. In central Alaska and 
nearby Yukon areas, there are ~760 pingos, mostly open-system. Closed-
system pingos predominate in the North Slope, Seward Peninsula, and Noatak 
regions. Not all pingos have been inventoried.   
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The distribution of ice wedges was determined from the literature, from 
polygonal patterns evident on remote sensing imagery, and from our field 
experience. Ice wedges actively form mainly in the continuous permafrost 
zone, and are inactive to weakly active in the discontinuous zone (Péwé 
1975). Holocene ice wedges, which are limited to the top 3-5 m of permafrost, 
are smaller than large, deep (up to 35 m) syngenetic ice wedges formed during 
the Late Pleistocene. Symbols for abundant ice wedges denote general 
locations, whereas, symbols for sparse Holocene and Late Pleistocene wedges 
indicate specific areas, though distribution remains poorly known. 


Thermokarst landforms are abundant in all permafrost zones (Jorgenson 
et al. 2008). They are varied, due to differences in temperature, ground ice 
volume, soil texture, slope, and hydrologic conditions. Abundance of 
thermokarst is difficult to map because of the wide range in size of features 
from small pits to large lakes, and similar landforms may have different 
origin. 


The permafrost zones underlie 80% of Alaska, including continuous 
(32%), discontinuous (31%), sporadic (8%), and isolated (10%) permafrost. 
Glaciers and ice sheets occupy 4% of the area.  


Many improvements are needed for a better permafrost map, including: a 
surficial geology map with updated information and better spatial accuracy; 
more information of terrain/ground ice/temperature/permafrost relationships, 
more temperature boreholes, and improved spatial models. 
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MOTIVATION
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Acceleration in Historical Erosion Rates
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 Long-term regional study [1]


 84% of the coast showing retreat 
between ~1940 & ~2010


 Accelerating rates of erosion 
 American and Russian coasts (m/yr): 


 Anecdotal:


Drew Point, AK [2] 1955-1979: -6.8 1979-2002: -8.7 2002-2007: -13.6


Eastern Siberia [3] 1961-1968: -0.6 1990-1998: -2.8 1998-2010: -4.8


Decades ahead of “schedule” at Oliktok:  degree of erosion 


expected in 2040 achieved in 2015 [4] 


[1]


[5]


; 6.8m/yr


; 8.7m/yr


; ~13.6 m/yr


Source:  Ben Jones, in development for paper


See poster by Li Erikson & Ann Gibbs for regional look and by Ben Jones for Drew Point to get more details on erosion rates!


~1940-1980 ~1980-2010


Icy Cape to Border [25] -1.2m/yr -1.4m/yr


Chukchi Sea [25] -0.5m/yr -0.1m/yr


Beaufort Sea [25] -1.5m/yr -1.9m/yr
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 Increasingly Energetic Arctic Ocean
 66 more open water days than in 1979 (skewed 


towards fall) [7]


 Wind-seas  swell-seas [8]


 Increase in wave energy and storm surge levels


 Increase in storm prevalence: ~5 (2010)~30 (2100) [13]


 Warming Permafrost 
 Accelerating trend in permafrost temperature [14]


Key Environmental Dynamics 
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~1990's - 2010's  
[9,10,11,12,13]


~2020's - 2100’s [13]


RCP 4.5 RCP 8.5 


Hs rate +3-6 cm/yr +4cm/yr +5cm/yr


Max Hs ~4m ~6m ~8m


Max storm 


surge level
~1.3m ~2m


Arctic sea ice on September 10, 2016 (minimum) 


Gold line marks the 36 year average minimum sea ice extent (1979-2014)


[6]


See poster by Li Erikson & Ann Gibbs for more details on evolving oceanographic conditions!


[14]
[14]


Northern AK plain 
[14]


1980-2016:                     


+0.36-0.8 ⁰C/decade


2000-2016:


+0.44-0.65 ⁰C/decade
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Permafrost: Unique Degradation Process
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retrogressive thaw slumping


active layer detachment


block failure


[16]


[16]


[17]


[18]


 Permafrost
 Permafrost extends from the Brooks Range to the 


Continental Shelf and is up to 600m deep


 Ice acts to bind unconsolidated material 


 Thermal, chemical, and mechanical processes can 
alter state of ice 


 Predominant Geomorphology:  ice-wedge 
polygons


 State of the art erosion modeling
 Trend projection, empirical relationships, 1-D 


steady state heat flow, … 
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Impacts
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Wainwright


Barrow


Bullen 


Point


Oliktok
Barter 


Island


Active DOD sites


 Infrastructure
 6 active DOD sites along                  


northern coastline [19,20]


 30 coastal villages threatened [21]


 Anticipated economic impact is  
~1Billion [21,4]


Anticipated infrastructure 


development should consider 


spatially varying erosion and


deposition rates along Northern 


Alaska coastline 


 Coastal food webs
 biogeochemical influx into ocean effects  ecological stability of region


 Carbon-climate feedbacks
 Permafrost stores half of all terrestrial organic carbon (1,330-1,580Pg [22], twice the amount in the 


atmosphere); degrading coastline mobilizes the carbon content 


[1]
[19]
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Project Goals


This project will deliver a field-validated predictive model of thermo-chemical-
mechanical erosion for the permafrost Arctic coastline. 


 The event-based projections will provide a quantitative tool 
 for guiding military and civil infrastructure investments, and


 understanding coastal food webs and carbon-climate feedbacks.


 Redistributed eroded sediment in the environment enables 
 prediction of deposition locations,


 tracing of toxic eroded materials, and


 Establish enduring relationships with Arctic invested parties
 University of Alaska Fairbanks, 


 UT Austin, 


 BLM,


8


 Geological Survey of Canada (GSC), 


 USGS,


 CRREL


 estimates of biogeochemical fluxes. 


 USAF,


 Army Corp of Engineers,


 …
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ENVISIONED MODEL PROGRESSION
FY18 – FY20
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Mechanistic 
Model


Probabilistic 
Model


Predictive 
Model







FY18 focus, FY19 Validation.


Single Event Mechanistic Modeling
validated, single storm, tightly coupled thermo-chemical-mechanical model


 Time-varying input variables over 
the duration of a storm:
 Water level, temperature, & salinity


 Multi-physics finite element 
model of coastline 
 Physics:


 Finite deformation plasticity model


 3-D unsteady thermal flow and 
chemical characteristics 


 Multiple archetypes to capture 
variability in coastline


 Validation campaign 
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5m


Ice wedge


Permafrost
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Oceanography in Mechanistic Model
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W
W


3 Development of 
wave field in the 
Arctic to develop 
nearshore BC’s


• surface winds


• ice cover


• temperature (surface 
and ocean)


• solar radiation


• persistent currents


S
W


A
N Wave set-up 


conditions 2-way 
coupled with 
circulation


• high resolution near 
shore environment


• capture set-up 
(storm surge and 
runup)


• wave energy 
inclusive of induced 
current effects


D
e


lf
t3


D Circulation and 
thermodynamic 
mixing 2-way 
coupled with 
waves


• ability to model 
mixing  of 
temperature and 
salinity clines


• capture induced 
currents in 
nearshore


 Potential Key Advances
 Inclusion of ice coverage for fetch limited wave growth 


 Knowledge of wave energy along broad coastline


 Set-up determination inclusive of bathymetry and wave energy


 Ability to accurately predict temperature at bluff face through 
mixing of clines in the ocean 
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Thermo-chemical


• Sediment type


• Ice volume


• Water volume


• Pore size


• Salinity


• Temperature field


Mechanical


• Strength relationships as a 
function of thermo-chemical 
state


• Morphology of coastline


• Stress-strain relationships of 
permafrost and ice   


Thermo-chemical-mechanical Finite 
Element Mechanistic Model


 Potential Key Advances
 Tightly coupled strength and thermo-chemical states


 Failure modes develop from constitutive relationships 
in FEM model (no empirical relationships!)


 3-D unsteady heat flow inclusive of the chemistry 
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A
L


B
A


N
Y


*


*Albany is an implicit, unstructured grid, finite element code for the solution and analysis 


of multiphysics problems developed by SNL and released in public domain
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FY18 – FY20


Validation Data:  Drew Point
Obtaining data at resolution needed to validate mechanistic model


Atmosphere


Permafrost


Oceanography
Coastal 


Morphology


Biogeochemical
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FY19 & FY20 


Probabilistic Modeling 
Parameterization enabling coastline view & historical validation


 Model Parameterizations
 Identify the variable sensitivities that manifest distinct erosional behavior


 Coastline Parameterizations
 Identify coastline stretches with characteristics that cause unique model parameterizations


 Multiple Archetype Runs
 Create a “catalog” of coastline archetypes and their overall response to a set of storms 


 Historical Validation
 Using historical data for oceanographic conditions, coastline and model parameterizations, and 


documented shoreline retreat rates, work to match aggregate shoreline retreat rates 
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Barrow


Oliktok
Drew Point


~200 miles
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 Using IPCC RCP8.5* project 
oceanographic conditions into the 
future


 Employ the statistical model and 
coastline architecture in concert with 
projected conditions to estimate 
future levels of erosion  


 Use estimates of future erosion 
levels:
 infrastructure impact analysis 


 nearshore ecological studies


 tracing of eroded material 
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*The RCP8.5 combines assumptions about high population and relatively slow income growth with modest rates of technological change and energy intensity 


improvements, leading in the long term to high energy demand and GHG emissions in absence of climate change policies.


(credit: B. Jones, U.S. Geological Survey)


FY20


Predictive Modeling
Parameterizations combined with earth climate models to enable future predictions


[23]
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Technological/Scientific Impact


 Chief impacts of this model
 predicted erosion rates over time (given climatic input data or weather forecasts)


 designed to couple with infrastructure impact models


 facilitates ecological impact studies key to understanding food-webs


 aids in tracking eroded sediment for deposition or toxic tracing studies


 enables informed and sustainable risk management decisions with respect to infrastructure
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(credit: B. Jones, U.S. Geological Survey) [24]
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Technical Approach
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FY18 – FY20


Validation Data:  Drew Point
Obtaining data at resolution needed to validate mechanistic model


• Oceanographic
• Wave Spectra (Significant wave height, direction and period); Water Temperature; Water 


Salinity; Water Depth; Water Currents; Bathymetry; Ice Thickness and Velocity


• Atmospheric
• Air Temperature; Incident / reflected solar flux; Wind speed / direction @ 3 m above 


ground; Snow depth; Atmospheric pressure; Ground temperature (10 depths:  5-120cm); 
Soil Moisture; Rainfall 


• Permafrost
• Ice content (cryostructure & unfrozen content); Salinity content; Grain size 


characteristics; Silt / sand fraction; Stress-Strain Analysis (soil strength testing) as a 
function of temperature (up to thawing); Permafrost Temperature; Active Layer Depth


• Coastal Morphology
• Ice Wedge Geometry; Shoreline positions; 3-D bluff mapping; Niche Geometry 
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Albuquerque, New Mexico


Waste Isolation Pilot Plant,
Carlsbad, New Mexico


Pantex Plant,
Amarillo, Texas


Kauai, Hawaii


Livermore, California


Tonopah,
Nevada


Sandia National Laboratories







Mission: Fostering development of practical, 
innovative and cost effective energy solutions for 
Alaska and beyond 


Alaska Center for Energy & Power


Applied energy research program
Technology testing & optimization 
Energy systems modeling & analysis
Knowledge network creation 
Commercializing energy innovation


Industry
Utilities
Policy makers


Communities
Practitioners
Students


acep.uaf.edu
Department of Defense







Energy for arctic operations


• Broadly shared energy requirements
– Heat – space, water
– Power – shelter, equipment, tools
– Transportation – people, systems, supplies
– Robust - Reliable – Resilient – Deployable


• Rich experience base - university, utility, 
industry,  community, defense sites


• Many capability / affordability synergies







► High energy costs
► Fragmented electric grid
► Harsh & changing climate 
► End of supply lines
► Stranded resources
► Dispersed population
► Limited road network
► Challenged economy


Alaska Realities


In rural Alaska:
• Electric power: 0.50-1.50 $/kWhr 
• Heating fuel: 3.50-10.00 $/gallon
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Off-grid settlements in the North


66


Nearly 2 million 
people living in the 
Arctic.


About 80% without 
connection to the 
energy, gas, and 
often even the roads 
of their neighbors to 
the south.


Note: preliminary / in-
progress (10/21/2016)
Credits: University of 
Saskatchewan, University 
of Alaska Fairbank







250+ remote systems  & 70 communities renewable-diesel systems 


Alaska & hybrid energy 
microgrids







Microgrids …integrate & manage 
diverse, distributed assets


Renewable 
Energy 


Resources


Diesel 
Power Plant


Managed 
Customer 


Loads


Diversionary 
Loads


Energy 
Storage


System 
Contro


l


Lab recreates a microgrid at full power levels (500 kW)







Facilitating technology transition







Technology Needs


• Biomass
• Diesel Generator
• Energy Storage
• Heat Pump
• Hydroelectric Power
• Integration
• Organic Rankine Cycle
• Solar Photovoltaic
• Electrical Transmission
• Wind Power


• Summary
• Technology trends
• Gaps and Barriers to Successful 


Project Development & Operation 
• Recommendations


Feedback?  Updates?  Usage?



http://www.akenergyauthority.org/Portals/0/Policy/AKaES/Documents/Reports/TechnologyDevelopmentNeeds.pdf?ver=2016-08-08-152005-117

http://www.akenergyauthority.org/Portals/0/Policy/AKaES/Documents/Reports/TechnologyDevelopmentNeeds.pdf?ver=2016-08-08-152005-117





Helping communities define needs


11


Fuel savings for primary objective:
• 430-1150 gal/wk (med-high wind)
• Slight increase in stand-by fuel


Potential value add:
• Diesel demand smoothing


Required for meeting 
objective 99% of times:
• 959 kW power capacity
• 58 kWh energy capacity
• High cycle life 







AK Center for Microgrid Technologies 
Commercialization (ACMTC)
• Economic Development Administration i6 Challenge award
• 500K$ EDA / 500K$ UA, July 2015 – July 2018
• Providing technical and business assistance to accelerate 


commercialization, and implementation, of technologies for 
affordable and reliable microgrid energy systems. 


Develop 
Sustained
Microgrid


Industry in AK


Microgrid R&D Competition


Guidance Document


Extend Lab Capacity


Provide information and support to businesses







Food-Energy-Water nexus


• NSF grant / 3.5 years
• What are the linkages between 


renewable energy generation 
and the local food, energy, and 
water (FEW) security in Arctic 
and Subarctic communities?


• To what extent can 
combinations of renewable 
energy generation and FEW-
related energy loads be 
optimized to enhance FEW 
security in these communities?







Idaho National Laboratory
Pacific Northwest National Laboratory
Sandia National Laboratory


Resilient Alaskan Distribution system Improvements using 
Automation, Network analysis, Control, and Energy storage 
(RADIANCE)


• Resiliency Enhancement Methods
• Resilience Metrics Framework
• Cyber-security Architecture 
• Rapid Prototyping of Controls 
• Multiple Networked Microgrids 
• Field Validation







Additional microgrid research areas
• Grid fault emulator
• Fuel meter
• Line loss & inertia
• Real time simulator (RTS)
• Genset with heat recovery
• Training & workforce development
• Grid bridge system
• Asynchronous generator functionality
• Combined heat & power
• Model validation
• PV bi-facial arrays
• Hydrokinetic resource & integration


…



https://youtu.be/L0hTVEB6RYM

https://youtu.be/L0hTVEB6RYM





Thermal energy storage - applications


 Vehicle heating – interior, battery, engine
 Wind-to-heat buffering
 CHP & exhaust heat recovery optimization
 Season-shifted space heating
 Container refrigeration & cold storage
 Process heat resource
 …







Fuel & stranded renewables
• Electrical grid connecting resource to 


loads not always economically viable
• What mix of technologies could allow 


conversion, delivery, & use as fuel?


Store ConsumeConvert Transport


• Safety?
• Efficiency?
• Environmental 


Hazard?


• Compatibility?
• Affordability?
• Carbon 


Footprint?







Waste-to-Energy (W2E)
• Community, industry & defense applications
• Multiple issues & feedstock options
• Defense & industry investments in 


transportable W2E technology
• Heat as preferred energy off-take


Priorities: waste management & community health


Joint Deployable Waste to 
Energy Initiative







• Resource assessment
• Community development
• Modular infrastructure
• Affordable
• Resilient
• Sustainable
• Replicable 
• Scalable


Re-location as business catalyst?







Alaska & Electrical Energy Storage 
Opportunities


Geophysical sensors
Border security
Communication systems
Tools & displays
Off-grid renewable energy
Diesel-off facilitation
Uninhabited vehicles
Transportation







Navigation & communication


• 10,000 commercial vessels currently sail the 33,000 miles of 
Alaska coastline every year


• Changes in maritime traffic could drive requirements for 
additional AIS terrestrial stations with high reliability Internet
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Emergency response


• Economics are event-driven
• Equipment: containment boom, skimmers, 


vessels, barges, tanks & bladders, ground 
vehicles, aircraft, buildings, communications







Electric maritime







Northern region solar initiative?
• Local & regional resource analysis
• Solar panel & hardware = commodities
• “Bundled” customers for market scale
• Regional / state expertise collaboration


• System financing & contracting
• Permit, interconnection, inspection
• Installation hardware & skills
• Operations & maintenance


• What size market is needed?
• How low must the soft costs be?
• Community / military “Solarize”?
• Veteran work force leverage







S&T synchronization opportunities


• Lessons learned from Alaska operations of energy, shelter and water 
systems at remote and austere locations, including failure modes, 
recommended practices, and areas of need of advances in engineering.


• Cold-weather performance characteristics of renewable energy 
technologies, communications, sensing and battery components.


• Engineering to address electrical and thermal functionalities as part of 
integrated design for energy, water and shelter systems.


• Research to mitigate challenges and requirements for extreme 
temperature range operations (from -60F to 90F) to include battery 
performance, fluid protection, space heating, mechanical systems, 
inspection and service provisions, equipment temperature regulation.


• Component and system test standards (conditions, criteria, apparatus 
and procedures) to evaluate reliability and robustness for arctic 
conditions (e.g., temperature, humidity, resource, load profiles)


• Shared collaborative knowledge base for component and system 
design, testing, operations and maintenance.







Alaska National Lab Day - Fairbanks 5/30-31 


5/31: Breakout panels  
• 6 Arctic research themes
• UA, DOE, Industry, community


5/29: Research center open houses
• Climate science, geosciences, natural 


resources and engineering


5/30: Plenary sessions
• Alaska as a living lab
• What is a national lab?
• Alaska industry and energy
• University / lab collaboration


6/1-3: Local & remote site tours
• Poker Flat Research Range
• Arctic energy systems
• Evidence of climate change
• Barrow environment & 


atmospheric research sites
• Toolik Point / Prudhoe Bay


https://aknatlabday.org/







Thank you for your attention.
We look forward to speaking with you more!
Please join us during the poster session.
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In  this  presentation…


• NSF’s Arctic mission


• Geographic reach and NSF’s Arctic Operations & 
Logistics 


• Synergistic activities between NSF and partner 
agencies


• Requirements for key capabilities: technology 
development and areas for synergism/collaboration







NSF  Arctic  Sciences  Program  Mission


NSF supports fundamental research at the forefront of understanding the Arctic, 
including its human and natural components and its global linkages. The scope entails 
research targeting basic processes through to system-scale studies and linkages to 
global questions. 


NSF supports good Arctic stewardship through:
• Efficient research support and logistics capabilities
• Education and training of the next generation of STEM practitioners
• Dialogue with Arctic residents to understand priorities and increase participation
• Planning with the research community
• Partnerships with other U.S. agencies
• Partnerships with  international government organizations
• Open data sharing


Program Context: 
4 million people live in the Arctic
– The NSF Arctic program utilizes a number of local services
– The NSF Arctic program recognizes health services, search and rescue capabilities and other 


resources of Arctic communities


2017 Footprint
1260 people
30,797 person days







Geographic  Reach  and  NSF’s  Arctic  
Research  Support  &  Logistics  (RSL)  


RSL Program Vision 
• Improve efficiency and safety of U.S. researchers 


working in the Arctic by providing equipment, 
services, infrastructure, communication, and 
training 


• Develop agreements that increase access to the 
Arctic 


• Improve communication and collaboration 
between Arctic people and Arctic researchers


• Manage prime logistics support contract 
• Provides services, on a reimbursable cost basis, 


to other USG research programs (DoD, NOAA, 
NASA, Smithsonian)


• Relies on partnering with other organizations
• USAF, USACE-CRREL, Air National Guard, 


USCG, etc.
• Primary Research Hubs: Toolik and Utqiaġvik, AK; 


Summit, Kangerlussuaq, Raven, Thule, GR







USCG I/B Healy and STARC


• I/B capabilities complement UNOLS fleet capabilities
• NSF funds research projects to work aboard the Healy, paying for ship time
• NSF fully funds the Ship-based Science Technical Support in the Arctic (STARC) 


Capabilities on the Healy – services available on reimbursable basis
1. to plan, coordinate and deliver science technical support onboard Healy and 


Polar Sea, augmenting the role of the USCG marine science technicians and 
2. to coordinate with NSF, USCG and the academic community to provide for the 


operation, maintenance and upgrade of science equipment installed or used 
on Healy and Polar Sea.







Air National Guard 109th Airborne supports 
science in the Arctic


• Through SAAM’d missions, 
ski-equipped LC-130’s support 
science by delivering PAX, 
cargo, and fuel to remote 
locations, including on the 
GrIS


• Synergistic relationship allows 
ANG/109th to complete 
training in Greenland prior to 
deploying to Antarctica


• Conduct landings on prepared 
skiways, open snow, and air 
drops


• IcePod, developed by 
scientists, mounts to rear PAX 
door and measures ice 
properties.







“The mission of the 821st Air Base Group is to enable 
force projection, space superiority and scientific 
research in the Arctic Region for our nation and allies 
through integrated base support and defense 
operations.” …science was added ~5 years ago. 


Smithsonian-led Telescope Installation - First light occurred in 2018


Greenland Inland Traverse (GrIT)
• 740 mile tractor traverse hauling fuel/cargo to inland stations
• Low emissions compared to aircraft
• Hauls cargo too large or heavy for LC 130s 
• First 60 miles heavily crevassed, takes ~6 weeks to Summit


Deep water port enabled Joint US/European 
Research Cruise in 2015 to study Nares Strait 
and Petermann Glacier
Working out of Thule 
saved nearly 2 
weeks of ship transit 
time, next nearest 
port was Halifax


Thule Air Base Enables Scientific Research


Thule High Arctic Atmospheric Observatory (THAAO)







Arctic Digital Elevation Model (DEM)


• Produced through a close collaboration between NGA St Louis, University of Minnesota and Ohio State University
• Covers the Arctic an average of 4 times
• Produced using NGA licensed DigitalGlobe imagery, NSF’s Blue Waters supercomputer and open source software
• Product is fill source for T-Rex
• Final public 500TB release in September 2018


A National Science Foundation/National Geospatial Intelligence Agency initiative to 
produce a publically available two meter posting, one meter accuracy Digital Elevation 
Model of the Earth north of 60o including Alaska, Greenland and Kamchatka


ArcticDEM extent







Technology Development and Capability Advancement -
Areas for Synergism/Collaboration


Areas of mutual interest?
• Transportation


• Air Ships, Access Points, Overland Vehicles, Aircraft and 
Vessels


• Energy, Fuel Efficiency, and Renewables
• Energy production and storage advancements, cold wx


capabilities, autonomous ops
• Facilities 


• Arctic construction advancements, shared resources
• Autonomous instruments and operation


• Energy storage, data collection and transmission, 
winterization capabilities







Arctic Research Coordination across the U.S. 
Government and Internationally


Interagency Arctic Research Policy Committee (IARPC) 
• NSF lead agency, Dr. France Cordova, Chair
• White House Office of Science and Technology Policy (OSTP)
• Collaboration website http://www.iarpccollaborations.org


Forum of Arctic Research Operators (FARO)
• 20 member nations, Dr. Jennifer Mercer is US NPOC and serves on ExComm
• Aims to facilitate/optimize logistics and operational support across the Arctic
• Encourages international collaboration for all involved in Arctic research
• Acts as a forum for information exchange, establishment of cooperation, and 


development of new ideas among the national logistics operators in countries 
with Arctic research activities 







Contact Information


Questions/Discussion: jmercer@nsf.gov, +1-703-292-7453


The presenter thanks the photographers for use of their excellent photos. Photo credits available upon request.





