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Evolution of low-centered polygons into high-centered polygons under the influence of a
warming climate. Wood cuts by Ina Timling.
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Navigating the New Arctic (NNA): one of

NSF’S

NSF is mvestmg $30 m|II|on in each Blg Idea to identify and support
emerging opportunities for U.S. leadership in Big Ideas that serve the
Nation's future.



Major goals of NNA

The Arctic

Improved understanding of Arctic change,
its local and global effects, and its effects
on the natural, social, and built
environments.

Development of new research communities
at the intersections of the natural, social,
and built environments.

Research that inform U.S. security, and
economic development needs and enables
resilient sustainable Arctic communities.
Studies of feedbacks between the
infrastructure and changes in natural
ecosystems.

Studies that advance STEM education
through Arctic research activities.




“To heal the planet we first need to understand it.”

Mark Hansen
Maine seaweed harvester

The mission of our NNA project

To understand the structure, processes, evolution, and degradation
of ice-rich permafrost (IRPS) in relationship to Arctic ecosystems,
the people of the North, and the built environment.

To convey to students, government institutions and the public the
role of IRPS and its function in Arctic and global social-ecological
systems.

To use the acquired knowledge to promote better living conditions,
methods of construction, and land-use policies in the North.



Focus: Ice-rich permafrost system
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Conceptual model places ice-rich permafrost at the center of a
web of changing Arctic system component — similar to a keystone
biological species — if IRP is removed or drastically reduced, the
system is totally transformed.
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Source:International Permafrost Association, 1998.
Circumpolar Active-Layer Permafrost System (CAPS), version 1.0.

Permafrost

Ground that remains below 0 "Cfor two
Oor more years.

Occurs beneath approximately 20% of
the Earth’s surface.

Estimated to containtwice as much
water as all lakes and rivers on Earth
(0.022% vs. 0.011%).

Most landscapes with continuousand
discontinuous permafrost (darker
purple areas in this figure) are
extraordinarily sensitive to climate
change.




lce-Rich Permafrost

* |RPis permafrost with excess ice
(ice that exceeds the volume of
the pore spaces in the soil).

* Nearly 50% of the Arcticis
underlain by ice-rich permafrost.

* Includes ice-wedges, tabular ice,
lens ice, pingo ice.

* Many arctic landforms, such as ice-
wedge polygons, tabular ice, and
pingos are the result of various
forms of massive ground ice.
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Ice wedge, Misha Kanevskiy Coastal erosion of Ice wedges, USGS

Low-centered and high-centered ice-wedge polygon, Misha Kankiy



IRP is the most susceptible element
of Arctic systems to disturbance and
climate change. If the ice in IRP
melts. the soil becomes liquid and
collapses!

Thermokarst

* The process caused by melting
ground ice thatresultsin
subsidence of the ground surface
and characteristiclandforms such
as thaw ponds, irregular surfaces,

and thaw lakes.

e Common forms include thermokarst
ponds, and thaw lakes.

Thermal erosion
* Refersto the erosion of the land surface
by thermal and mechanical processes.
« Common forms include thermal erosion

A

BN

Thermal erosion gully: Polar Field Services. Themocirque and gully: https://www.21stcentech.com gullys



2 Ice-rich-permafrost systems (IRPS) |

Ground ice is at the center of a web of ecosystem
properties and processes
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Key Questions

* Where, why, and how is ground ice Regional climate

accumulated in IRPS? Infrastructure : .
Roads, gravel pads, \ Micro-climate / templ\t/lafaatr;fenr;tilwmer
e How do IRPS evolve and how are they pipelines, / Ground temperature\ warmth, SLIJmmer

Show precipitation,

. /Depth, hardness, snowfall
Ground ice ohenology

g gravel mines, I
currently changing: ceismic lines. ~ Landforms

« How do differences in vegetation, off-road ~ Micro-topography,
. . trails periglacial landforms

water, and time influence the
accumulation and degradation of

Permafrost temperature,

Soils + active-layer thickness, ™~ Hydrology

R Soil moisture, texture, ice content, Water depth,
ground ice in IRP landscapes? organic layer thickness,  Cryostructure S
 How does the loss of ground ice PH, ”“t”e{:i / velocity
change these systems and their Vegetation < Other biota
components? Species diversity, canopy ~ Microbes,
_ structure, thickness of  insects, birds,
* How can people and their moss layer, phenology ~mammals, fish

infrastructure adapt to the changes?




Variety of ice-wedge polygon forms
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Well developed high-centered polygons

Well developed low-centered polygons Mixed low-and high-centered polygons Well developed high-centered polygons with >0.5 m relief

with <0.5 m relief and thermokarst pits with >0.5 m relief with >0.5 m relief
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Recent abrupt changes in thermokarst

Abrupt increase in permafrost deg

M. Tomre on,” Yuni L. Shur,” and Erik |

(MAGT)

2003; (

Jorgenson et al., 2006:
Abrupt ice-wedge degradation
in northern Alaska

»al Change Bic

Cumulative geoecological effects of 62 years of
infrastructure and climate change in ice-rich permafrost
landscapes, Prudhoe Bay Oilfield, Alaska

DONALD A ALKE KENNETH J. AMBROSIUS®, JERF
MIKHAIL KANEVSK *. KOFINAS®, VLADIMIR
R” and PATRICK ). WEBE
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Raynolds et al. 2014:
Abrupt ice-wedge degradation due
to infrastructure and climate
change at Prudhoe Bay
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PUBLISHED ONLINE: 14 MARCH 2016 | DOI: 10.1038/NGEO2674

Pan-Arctic ice-wedge degradation in warming
permafrost and its influence on tundra hydrology

Anna K. Liljedahl', Julia Boike?, Ronald P. Daanen?, Alexander N. Fedorov®, Gerald V. Frost®
Guido Grosse®, Larry D. Hinzman’, Yoshihiro lijma®, Janet C. Jorgenson?, Nadya Matveyeva'®,
Marius Necsoiu™, Martha K. Raynolds'?, Vladimir E. Romanovsky™", Jérg Schulla', Ken D. Tape',
Donald A. Walker'?, Cathy J. Wilson'é, Hironori Yabuki'” and Donatella Zona'®"®

Ice wedges are common features of the subsurface in permafrost regions. They develop by repeated frost cracking and ice vein
growth over hundreds to thousands of years. Ice-wedge formation causes the archetypal polygonal patterns seen in tundra
across the Arctic landscape. Here we use field and remote sensing observations to document polygon succession due to ice-
wedge degradation and trough development in ten Arctic localities over sub-decadal timescales. Initial thaw drains polygon
centres and forms disconnected troughs that hold isolated ponds. Continued ice-wedge melting leads to increased trough
connectivity and an overall draining of the landscape. We find that melting at the tops of ice wedges over recent decades
and subsequent decimetre-scale ground subsidence is a widespread Arctic phenomenon. Although permafrost temperatures
have been increasing gradually, we find that ice-wedge degradation is occurring on sub-decadal timescales. Our hydrological
model simulations show that advanced ice-wedge degradation can significantly alter the water balance of lowland tundra by
reducing inundation and increasing runoff, in particular due to changes in snow distribution as troughs form. We predict that
ice-wedge degradation and the hydrological changes associated with the resulting differential ground subsidence will expand
and amplify in rapidly warming permafrost regions.

Liliedahl et al. 2016:
|lce-wedge degradation is occurring
widely across the whole Arctic:



Lake Colleen observatory
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Summer warmth index (SWI)
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Climate change at Prudhoe Bay

Time-series of
temperature and thaw depth

SWI: T5°Cmoin47 years

MAPT: 13.7 °Cin 39 years

MAAT: 3.1 °Cin 29 years

ALT: 120 cmin 30 years
Data:

SWI: ARCO (1969-1989) & Deadhorse (NWS, 1990-2016)
MAPT, MAAT, & ALT: Romanovsky, Deadhorse station



Thermokarst collapse
due to flooding along the
Dalton Highway

Underground thermal
erosion of ice wedges
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Dalton nghway near Deadhorse, May 25 2015

Shur et al. 2016. TICOP and in prep.
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2015 Sagavanirktok River Icing and Flood
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Repeat of aufeis and flooding in 2016

016

Flooding & thermokarst are major
issues for oilfield operation

2015 aufeis and flooding disrupted road traffic and
communication for over 3 weeks in April and May.
Alaska Governor declared a disaster twice.

Major economic impacts.

National security issue.

Serious flooding also occurred in 2016 and 2018.

Endicott Road




Example of unpredictable
cumulative effects:

2015-2016 Quintillion fiber-optic
cable

Cable to deliver high-speed telecommunication
services.

The cable was buried in a trench, much of
which was dug in summer with extensive
damage to the vegetation and permafrost.
Especially visible in tundra of North Slope
parallel to the Dalton Highway.

Cable trench provided a pathway for flood
waters to penetrate to the base of ice-wedge
facilitating very rapid thermal erosion.
Decision letter by AK-DNR permitted the
project without a thorough environmental
review.




3D-seismic surveys

Seemingly minor initial impacts cover large areas but with unknown long-term
consequences to hydrology, vegetation, and permafrost regimes

% . . o e s .

- SR e 3 > N
S i - R4y XE \

. 33 o % ) =1

\ " AL g - S

> Ry ¢ T R 0y

T - 3 .

. N S IR
T R =

2D-seismic trail from 1960s. 3D-seismic grid south of Prudhoe Bay. 3D-seismic white paper
Photo: Matt Nolan Photo: Heather Buelow

https://www.geobotany.uaf.edu/library/pubs/
WalkerDA2019_seismic_exploration_whitepap
er.pdf



PL 96-487
Wdl AK Moritime NWR
Chukchi Sea Unit

SEC. :
Bat. N3. 50-90-0649

Cuilly-Corpofation Inc.

ws 4o
Pt No; 5080
Cm ¥ Cofpbmt\pn

&,
§,
> oz
}mcq(ed for % \

R Furposed )

EC. 10
Pat. Na. 50-90-0649
Cully Cerporation ine

oD USKF %
HANGAR

Survéy No. 5251

Lot 7
PLO 1851 %
US. Alr Force

47 &4 W
60 ROW:Per. - [\¢
PlatNoB6=7 .\

“ Cully Corporation Iney

KAS

-
U:S. Survey No. 5251

A < NEW-ROU

: T LAY
Lot 6
; ronn SRR AT PEs SR TOWNSITE
: ) US. Air Force
g, Fomver 3 « \‘
“PEW LINE STATION e
17"y (Dismantled) % pe—— == \

60"_Wide Existing Aécess
< Road/Trail Easement.
EN3

U.S. Survey N@ 5251

o
Pat. Na 50% 2014 ODAD
North Slope Horough

X v Fo2027
POINT LAY RN 60" RO
AIRPORT % e Sipuns
12 ” |, ond Access Road
P

3

4 60" ROW
Sewage Pipeline
/unn Access Rood_
. rvey Not
U.S. Su No® 6251
e ]

PLO 1851
U.s. ‘Air Farce~
!

o

APPROX|MATE Locmow
50" Wide Exiating
RS Eamme
N3 63

SECH4
Pat. ‘No: 50-90-0649
Cully’ Corporation né.

us. Survey No, 5251

5
¥ PLD 1851
UsS. Air‘Farce

EGALUK

BOAT
LANDING

IN

: SEC. 36
. Pat, No. B50-90-0649
Sodv Fents/blic iCally. Corporation Inc.
Use Easement to
North Slope Barough
2005-000440-0
6/9/2005
Porcels A &8

'APPROXIMATE  LOCATION

50" Wide Existing- Access

o ngusseg%em

1S

PR

& 55 SkC 3
Pat.: N&:250~90-0849
€ully Gorparation Incs

“6550= 0649
orpBratiaging..

—487

PL 96-
Wdl AK Moritime NWR
Chukchi Sea Unit F\

\

\@oxmm LOCATION
80"

Rood Easement

Wide Existing
EN 3 C3

25

Pat. No. 50800649
Cully Corporgtion Inc.

SEC30
Pat. Na._50-+90-0649
Cully Corparation Ine.

FISHING AREAS
(Through Entire River)

SEC. 30
P@t No. 50-90-0649
Cully Corperation Inc,

OLD VILLAGE-SITE
| —tsetond Point Lay)

SEC. 29
Pats No. 50-90-0643
Cully Corporationgife.

SEC. \
Pat. No. 50-90-0649 ™=
Cully Carporation-Inc.

Pat *No.#50-80-0649
Cully Corporation Inc.

<
N

SEC. 29
Pat. No. 50-90=0649
Cully Corporation Ine:

Change at
Point Lay:

Rapidly changing
ice-wedge

polygons
Eroding coastal

bluff

Changing drainage
systems

Loss of water
source

Unstable housing
Compromised
utilities




Major impacts to housing due to
ground subsidence at Point Lay, Alaska

Subsiding ice-wedges: Base of steps was at ground
level and there was no thermokarst when house
was built in late 1980s.

Photo: Courtesy of CCHRC.



Cumulative impact analyses of oil and gas activities

: Prudhoe Bay: Walker et al., Science 2003: North Slope, 2003 NRC report

Cumulative Impacts of Oil Fields on
Northern Alaskan Landscapes

D. A. WALKER, P. J. WEBBER, E. F. BINNIAN, K. R. EVERETT,
N. D. LEDERER, E. A. NORDSTRAND, M. D. WALKER

plain ccosys
by law
al Plain raise questions about cumulative cffects on arctic
tundra ccosystems of development of multiple large oil
ficlds. Maps of historical changes to the Prudhoc Bay Oil
Ficld show indircct impacts can lag behind planncd
developments by many years and the total area eventually
disturbed can greatly e i the planned area of construc-
tion. For example, in the wettest parts of the oil ficld (flat
thaw-lake plains), flooding and thermokarst covered
more than twice the area directly affected by roads and
other construction activities. Protecting critical wildlife
habitat is the central issue for cumulative impact analysis
in northern Alaska. Comprehensive landscape planning
with the use of geographic information system technolo-
gy and detailed geobotanical maps can help identify and
protect arcas of high wildlife use.
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Current areas of active development, northern Alaska, 2018

g North Slope O|| and Gas Act|V|ty

e of Alaska, Department of Natural Resol s, Div n of Ol and Gas of May 2018
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Trends at regional-scale

Direct infrastructure-related impacts direct impacts (footprint)

All North Slope oilfields
80 Area impacted
27.4 km?gravel mines
23.5 km?gravel drill sites & construction
" Gravel roads pads
12.6 km? gravel roads
10.8 km? other (airstrips, off-shore
drilling islands, peat roads, etc.)
74.3 km? total footprint
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* \Very rapid during main development phase
1968—-1989.

0 e Reduced rate during production phase to 2010.
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Integrated geoecological and historical-change mapping
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Prudhoe Bay region, Alaska. CRREL Report 80-14.

2010 Historical change analysis: Raynolds et al. (2014) Global Change Biology, 20:
1211-1224




Comparison of direct, indirect infrastructure- and
climate-related impacts in Areas A, B, C

Direct infrastructure impacts Indirect infrastructure impacts Climate-related impacts
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Area of indirect impacts exceeded area of direct impacts after 1982.
Anthropogenicdirectimpacts slowed rate of increase after about 1983.

Indirect impacts slowed in 1983 but continued to increase.

Climate-related thermokarst started to occurin 1983 and increased dramatically after 1990.



Plot-level monitoring
IRPS observatories

Node: Corridor: Village Housing:
Prudhoe Bay Oilfield Dalton Highway Point Lay

AlaskaTeenMedia



Network of NNA-IRPS observatories

Romanovski

Beaufort

Chukchi
Sea

Sea

1002 Area

permafros *
boreholes {




Plot-level monitoring:

IRPS roadside observatory,
Prudhoe Bay

* Aerial photo time Vegetation
series Soil

* Transect surveys Snow
* Micro-topography * Dust
* Permafrost cores Flooding

* Active layer
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Ground-ice characterization and evolution

Boreholes Scenarios of IRP change
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Adapting to change at Point Lay:
Cold Climate Housing Research Center (CCHRC)

Working with village stakeholders, the school,

and the IRPS research team to:

Develop solutionsto address infrastructure issues
pertaining to changing subsurface conditions.

* Drill and place subsurface monitoringinstrumentation.

* Work with the Point Lay School to develop material for
the education of students and local residents.

* Develop permafrost outreach materials for
homeowners and contractors, includingvideo on
permafrost foundations.

* Best practices guidelinesto build new and retrofit
existing foundations.




CCHRC housing prototypes

Anaktuvuk Pass prototype: Super insulated Atmautluak prototype: Integrated truss Buckland prototype: Thermal raft
home with thermal-raft foundation house, adjustable piling foundation foundation, integrated truss house with

single-piece, floor, walls, roof adjustable
piling foundation

Photos courtesy of the Cold
Climate Housing Research Center

R e :
Point Lay, thermal raft piles

Quinhagak octagon prototype



International collaboration: RATIC
Rapid Arctic Transitions due to Infrastructure and Climate

* |ASC-sponsored forum for developing
and sharing new ideas and methods
regarding sustainable development
in the face of rapid arctic change

* White paper




RATIC white paper:

Five international case studies of infrastructure impacts to social systems
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International

Arctic Drift . '
Expedition.-

AVAAAS Become a Member Login ScienceMag.org Q. Search

Arctlc research expedition

SCience Contents ~ News ~ Careers ~ Journals ~

What's coming up in 2019

Sep 2019
Polarstern departs
from Tromso

MOASAIC: One of Science magazine’s 10 stories likely Current position of the Polarstern
to make headlinesin 2019



Objective: Coordinate
complementary activities
that aid and benefit from
MOSAIC by extending the
work to the lands
surrounding the Arctic
Ocean and to the
northern communities
who live on those lands.

The Infrastructure
Action Group
of T-MOSAIC




NNA-IRPS
2020 Summer
Field Course

2019 Brooks Range & Beyond

Student photos of 2018 BIOL 495/695 Student Expedition

'..-~ *(1 \ AEA

e 17-day expedition
along the Dalton
Highway

* Instructors: Members
of the NNA-IRPS team.

* Focusedonice-rich
permafrost systems,
infrastructure,
landscape evolution,
arctic ecosystemes,
arctic plants




Co-investigators and collaborators

University of Alaska Fairbanks (* co-Pl):

Geophysical Institute
Dmitri Nicolsky

*Vlad Romanovsky
Institute of Arctic Biology
Lisa Druckenmiller
Anja Kade

*Gary Kofinas
Jana Peirce
Marth Raynolds

* Skip Walker
Institute of Northern Engineering
Billy Connor
Misha Kanevskiy
*Yuri Shur
International Arctic Research Center
Amy Breen
Water and Environmental Research Center
Ben Jones

*Anna Liljedahl

Cold Climate Housing Research Center
Robbin Garber-Slaght
Jack Hébert
Vanessa Stevens

Alaska Division of Geological and Geophysical Surveys
Ronnie Daanen

Native Village of Point Lay

Kali School

Tagiugmiullu Nunamiullu Housing Authority (TNHA)
NSB Department of Planning and Community Services
BP Alaska (now Hillcorp)

International collaborators
Jozef Sibik, Slovak Republic
Helga Biiltmann, Germany
Warwick Vincent, Canada






www.geobotany.uaf.edu/library/pubs/
NNA-IRPSproposal2019.pdf




Our NNA-IRPS proposal
Major themes and linkages

LANDSCAPE EVOLUTION ADAPTATIONS TO CHANGE
Drivers of change: : ad Infrastructure

Ice-rich permafrost Arctic Social Ecological System

Arctic systems:
system (IRPS) (ASES)

Major research Characterization and Adaptive approaches to
topics: evolution of natural IRPS manage change
Geographic foci: Node: Corridor: Village

Prudhoe Bay Dalton
Oilfield Highway

Housing:

Point Lay
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giﬂnate Sensitivity of High Arctic Permafrost Terrain Th e r m O ka rSt O n Ba n kS | S I a n d

Demonstrated by Widespread Ice-Wedge
Thermokarst on Banks Island
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Abstract: Ice-wedge networks underlie polygonal terrain and comprise the most widespread form of
massive ground ice in continuous permafrost. Here, we show that climate-driven thaw of hilltop
ice-wedge networks is rapidly transforming uplands across Banks Island in the Canadian Arctic

72°55'0"N

Archipelago. Change detection using high-resolution WorldView images and historical air photos,
coupled with 32-year Landsat reflectance trends, indicate broad-scale increases in ponding from

72°55'0"N

ice-wedge thaw on hilltops, which has significantly affected at least 1500 km? of Banks Island and
over 3.5% of the total upland area. Trajectories of change associated with this upland ice-wedge
thermokarst include increased micro-relief, development of high-centred polygons, and, in areas
of poor drainage, ponding and potential initiation of thaw lakes. Millennia of cooling climate
have favoured ice-wedge growth, and an absence of ecosystem disturbance combined with surface

72°54'30"N

denudation by solifluction has produced high Arctic uplands and slopes underlain by ice-wedge

networks truncated at the permafrost table. The thin veneer of thermally-conductive mineral

soils strongly links Arctic upland active-layer responses to summer warming. For these reasons,

72°54'30"N

widespread and intense ice-wedge thermokarst on Arctic hilltops and slopes contrast more muted
responses to warming reported in low and subarctic environments. Increasing field evidence of T e e
thermokarst highlights the inherent climate sensitivity of the Arctic permafrost terrain and the need for 119°20'0"W 119°18'0"W 119°16'0"W
integrated approaches to monitor change and investigate the cascade of environmental consequences.

Keywords: permafrost; climate change; ice-wedge polygons; Landsat; Banks Island; Arctic; terrain sensitivity R. H. Fraser et 3 I. 2018, Remote SenSing, 10: 984.




Thermokarst on Banks Island

R.H. Fraser et al. 2018, Remote Sensing. 10: 984.

Extensive ponding at top of ice-wedges in previously barren
sparsely vegetated upland terrain with large ice-wedge
polygons.

Banks Island, high-centered polygons. Aerial photos taken enroute to Mould Bay, 2002.



Northern Alaska oilfields,
Dalton Highway & Point Lay
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International V International Collaboration
Arctic Drift
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Polarstern

Modern (2019-2020) repeat of Nansen’s .
(1893—-1896) Fram Expedition Science observations




NSF’s Navigatingthe New Arctic Program

Bringing the arts and humanity into NNA

 / Water and Ws

T N

Organizers — UVa:
Matthew Burtner: Dept. Music

Howard Epstein: Dept. Env. Sci.
Leena Cho & Matthew Jull: Dept. Architecture

———

Sponsors:

NSF’s Navigating the New Arctic Program

UVA
Institute for Humanities and Global Cultures,
Center for Global Inquiry and Innovation
Environmental Resilience Institute (ERI)



