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Summary

This report presents the major achievements of the first two years (April 1, 2014 to March 31,
2016) of synthesis for the NASA-LCLUC project entitled “Yamal LCLUC Synthesis: A synthesis of
remote-sensing studies, ground observations and modeling to understand the social-ecological
consequences of climate change and resource development on the Yamal Peninsula, Russia and
relevance to the circumpolar Arctic” (NASA Grant No. NNX14AD90G).

he two primary goals of the project are to develop a better understanding of variations in Arctic
ecological systems along the Eurasia and Circumpolar Arctic climate gradient to aid in
interpretation of remotely sensed imagery, and to develop remote-sensing tools that can be used
for adaptive management that will help Arctic people, government agencies and policy makers
predict and adapt to impending rapid climate change and rapid resource development. To
accomplish this, the project is first publishing disciplinary syntheses of activities for three
components of the project, which are summarized here. In the next phase of the project the focus
will shift to interdisciplinary syntheses that will summarize activities in a more cross-disciplinary
fashion. This accomplishments to date can broken down by the three main components of the
study includes:

Component 1: Eurasia Arctic Transect (EAT)

* Yamal landslide synthesis (4 chapters in Shan W, Guo Y, Wang F, Marui H and Strom A
2014 Landslides in Cold Regions in the Context of Climate Change (Cham: Springer



International Publishing) (Leibman et al., 2014; Guberkov et al. 2014, Khomutov et al.
2014, and Ukraientseva et al. 2014)

Discovery of a large deep crater on the Yamal produced by an explosive outburst of
subsurface methane (Kizyakov et al. 2015, 2016; Liebman et al. 2016)

Synthesis of active layer and n-factor data from the EAT (in progress)

ArcticBiomass workshop, Fairbanks, AK, 2-3 September 2014, and several papers in press
and submitted to a special issue of Environmental Research Letters devoted to Arctic
Biomass (Walker et al, 2016; Buchhorn et al., 2016; Epstein et al., 2016; Bhatt et al. 2016)

Nature Geoscience: Pan-Arctic ice-wedge degradation (Liljedahl et al. 2016)

Four disciplinary and interdisciplinary synthesis papers regarding the EAT:

i) Vegetation (Ermokina, Walker et al, Phytocoenologia, in. prep.)
— ii) Soils (Matyshak et al., in prep.)

— iii) Permafrost and active layer conditions (Leibman, Drozdov,
Khomutov, Romanovsky, et al., in prep.)

— iv) Spectral-reflectance characteristics of the EAT (Epstein et al., Environmental
Research Letters, in prep )

Synthesis comparing vegetation, soils, permafrost conditions along the EAT and NAAT
(Walker et al., in prep. to Environmental Research Letters)

Synthesis of sea-ice, land-temperature, vegetation interactions (Bhatt et al. 2016 in prep.
Biology Letters)

Component 2: Social-Ecological Effects of Rapid Transitions Due to Infrastructure and Climate

Change

Yamal-Synthesis Workshop at the Arctic Change 2014 conference in Ottawa, ON, Canada,
9 December 2014 (Yamal LCLUC Workshop and 27 oral presentations and posters)

62-year history of cumulative effects infrastructure and climate change in the Prudhoe
Bay region, AK (Raynolds et al. 2014, Walker et al. 2015);

Rapid Arctic Transitions due to Infrastructure and Climate (RATIC) white paper (Walker &
Peirce ed. 2015 ) Prepared for ICARP Ill, Toyama, Japan, presented at the Arctic Science
Summit Week 2016, Fairbanks, AK

Chapter on Permafrost-Infrastructure interactions in the Snow, Water, Ice, Permafrost in
the Arctic (SWIPA) Update (Romanovsky et al. 2016 in press, Mard et al. 2016 in press)
Review of Nenets social ecological systems (Forbes 2013)

Comparison of social impacts Yamal and North Slope (Kofinas, Forbes, et al. in prep.)
Synthesis of international best practices for adaptive management of Arctic local
responses to cumulative effects of climate change and resource development (Curry,
Kumpula, Kofinas, Forbes et al in prep).

“Grand synthesis” Yamal-North Slope cumulative impacts of development: Biophysical,
social, permafrost, remote sensing (Walker, Kofinas, Forbes et al. PNAS in prep.)



Component 3: Remote sensing, modeling, and visualization tools

Other:

Arctic Report Card: Annual greening synthesis (Epstein et al. 2015) Includes annual
circumpolar sea-ice, land-temperature, and greening monitoring (Bhatt, Epstein, Raynolds,
Walker, Comiso, Pinzon, Tucker, et al.) A new development is the recent decline in summer
temperature and NDVI in Eurasia probably due to more open Barent and Kara seas,
increased sea surface temperatures and increased cloudiness.

MODIS-based Circumpolar Arctic Vegetation Map (Raynolds et al., in prep.)
ArcVeg modeling synthesis (Yu, Epstein)
Arctic Biomass Special Issue of ERL (Tommervik et al. editors)

Yamal Arctic Geoecological Atlas (YA-AGA) (Walker, Ermokhina, Breen, Epstein, Raynolds,
Buchhorn, Sibik, Chasnikova, Khumotov, Bartsh, Heim, in prep.)

Decision Theater North (Curry, Kofinas et al. in prep.)

LCLUC All Scientist Meetings 2015 and 2016. Posters both years and oral presentation in 2016.
Posters and talks at the AGU Fall 2014 and 2015 meetings

The body of the report includes: (1) The proposed study objectives, (2) summaries of the highlights
from the past two years, and (3) a list of Yamal Synthesis publications and presentations from 2015-
16. A full list of the publications from the entire LCLUC Yamal project along with other project-
related information including annual reports, proposals, photos, participants, and workshops is on
the new Yamal-Synthesis web page (http://www.geobotany.uaf.edu/yamal/).



Yamal-synthesis study objectives

The two primary goals of the Yamal synthesis activities are to 1) develop a better
understanding of variations in Arctic ecological systems along the Eurasia and Circumpolar
Arctic climate gradient to aid in interpretation of Arctic remotely sensed imagery and 2)
develop remote-sensing tools that can be used for adaptive management that will help
Arctic people, government agencies and policy makers predict and adapt to impending
rapid climate change and rapid resource development.

During two earlier rounds of LCLUC funding our Yamal studies had three primary
components devoted to: (1) a Eurasia Arctic Transect (EAT) that was originally proposed as
part of the International Polar Year (IPY, 2007-2008) activities, (2) analysis of the effects of
climate change and infrastructure development on the local social-ecological system that
includes indigenous reindeer herders, and (3) modeling and remote sensing studies needed
to exatrapolate the results to a larger circumpolar region.

Highlighted accomplishments

The Yamal LCLUC project began in 2007 as an endorsed project of the International Polar
Year 2007-8 called “Greening of the Arctic”, which focused on the trends in sea-ice,
summer land temperature, greening trends, and human interactions with greening along
two Arctic transects in North America and Eurasia (Fig. 1).
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Figure 1. Conceptual diagram of the Greening of the Arctic Project. The Yamal Synthesis project focuses on
activities along the Yamal transect, which was later called the Eurasia Arctic Transect.

A major achievement during previous rounds of LCLUC funding was the completion of the
1500-km Eurasia Arctic Transect (EAT), which traverses all five Arctic bioclimate subzones
from the forest-tundra transition south of the Yamal Peninsula to the extreme High Arctic
in Franz Josef Land. The synthesis of the biophysical data from these expeditions is first
being accomplished in variety of disciplinary papers that synthesize the vegetation, soil,
permafrost, and remote-sensing information from the EAT. The results from these papers



will then be used in an interdisciplinary overview paper that summarizes the main results
and conclusions from the EAT transect. We will further address science questions related
to landscape and spectral-reflectance variation along the EAT in comparison to a similar
transect in North America, which is much less intensively grazed, and has more loamy soils
and a more continental climate. At a circumpolar scale, the results from both transects will
be combined with Arctic-wide climate, sea-ice, and land temperature data to help interpret
spatial and temporal variations of regional and Arctic-wide patterns of productivity as
indicated by the Normalized Difference Vegetation Index (NDVI).

Progress on Eurasia Arctic Transect Synthesis

Our first Yamal Synthesis project meeting was held in Ottawa, Canada, during the Arctic
Change 2014 conference (AC2014), 8-12 December 2014. We received $10,000 from the
International Arctic Science Committee (IASC) for Association of Polar Early Career
Scientists (APECS) to attend, and four of these were Russian students who participated in
the LCLUC activities. There were 8 participants from the USA, 9 from Russia, and 2 from
Finland. The meeting focused on review of the commitments in our NASA proposal. Seven
disciplinary synthesis papers and three interdisciplinary synthesis papers focused on

results from five Euarasia Arctic Transect expeditions (Fig. 2) are currently in progress. One

early highlight is our contribution to a cover story in Nature Geoscience that documents
the circumpolar occurrence of recent ice-wedge thermokarst (Lijledahl et al. 2016)(Fig. 3).
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Figure 3. Cover of April 2016 issue of
Nature Geoscience with article entitled
@ooN “Pan-Arctic ice-wedge degradation in
warming permafrost and its influence on
tundra hydrology” (Liljedahl et al. 2016).
Five members of the Yamal Synthesis
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Figure 2. Location of the Eurasia Arctic Transect. The transect is
about 1500 km long. It includes study locations in all 5 Arctic
bioclimate subzones and two locations in the forest-tundra
transition. The transects were established during during five LCLUC- project contributed to the article.
sponsored expeditions in 2007-2011.



Tundra Greenness and the Greening trends and NOAA Arctic Report Card
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Figure 4. Analysis of trends in sea ice, summer land temperatures and greening. a. Spatial distribution of trends in open water
and summer warmth index (SWI), b. spring sea-ice trends and time-integrated NDVI (TI-NDVI). ¢ and d. Trends in seasonal
maximum NDVI, open water, and SWI for the Beaufort Sea and W. Kara. Bhatt et al. 2010 updated to 2015.

The EAT the North America Arctic Transect (NAAT) (Fig. 1) are well situated to examine two
areas of the Arctic that are most strongly affected by rapid sea-ice changes, the Beaufort
Sea in the in the vicinity of the NAAT and the Barents/ West Kara seas in the vicinity of the
EAT (Fig. 4a & b). Recent analysis of sea ice, land temperature and AVHRR NDVI trends
from these two transects show (1) particularly strong positive open water and negative
sea-ice trends in the Beaufort and W. Kara seas, (2) summer temperatures increasing in
most areas except the Yamal and NW Siberia; and (3) greening is occurring in most areas of
the Arctic except NW Siberia, Canadian Archipelago, and Y-K delta. Similar levels of sea ice

retreat (blue trend lines, Fig. 4c & d)
within 100 km coast along the
Beaufort and W. Kara seas, a decline
in summer land temperatures (red
trend lines, Fig. 4c) on the Yamal vs.
a small increase along the Beaufort
coast (Fig. 4d). The MaxNDVI (green
trend lines) has increased slightly
along the W. Kara Sea and strongly
increased along the Beaufort. The
cooling summer temperature and
muted NDVI response in NW Siberia
is thought to be linked to
midsummer cloudiness and cooling
associated with much more open
water in the Barents and Kara Seas.
These trends are now being
reported annually in NOAA’s Arctic
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Highlights

« Following a general increase over nearly three decades, tundra greenness, derived from remote sensing data,
has been declining consistently for the past 2-4 years throughout the Arctic.

« MaxNDVI in 2014 in the Eurasian Arctic and the Arctic as a whole was below the 33-year (1982-2014) average.
Temporally-integrated greenness (TI-NDVI) in 2014 had the lowest value on record for Eurasia and the second
lowest value for the Arctic as a whole.

« Long-term MaxNDVI and TI-NDVI trends (1992 2014) show lundrs "browning" extending over larger areas.

« In contrast to remote sensing 3 studies continue to report
increased tundra shrub growth in response lo nsmg air lsmperalures

Figure 5. Tundra Greenness home page for the NOAA Arctic Report Card.
http://www.arctic.noaa.gov/reportcard/tundra_greenness.htmi.

Report Card (Epstein et al. 2015) (Fig. 5).



ArcticBiomass Workshop, Fairbanks, AK, 2-3 Sep 2014 and Environmental Research
Letters focus issue

Hans Tommervik, Norwegian Institute for Nature Research (NINA), and Scott Goetz, Woods
Hole Research Center, were the primary organizers of the ArcticBiomass Workshop,
Members of the Yamal LCLUC project assisted in the conference organization and local
logistics for the field trip. Twenty papers were presented during the workshop:
http://www.geobotany.uaf.edu/yamal/workshops/arcticbiomass-agenda.php. The main
topics were biomass estimation and monitoring from plot scale to satellite. Presentations
on related themes, e.g. circumpolar arctic and boreal monitoring of vegetation, application
of Unmanned Aircraft Systems, and hypersectral spectroscopy were also presented, The
workshop resulted in ArcticBiomass special issue for Environmental Research Letters
(Figure 6) http://iopscience.iop.org/journal/1748-9326/page/Arctic%20Biomass. Six
articles have been published to date, with many more coming.

Environmental Research Letters

Focus on Recent, Present and Future Arctic and Boreal Productivity and
Biomass Changes

Scope

* Recent changes in phenology, biomass and
productivity and the mechanisms and drivers that
control such changes, along with the consequences for
local, regional and global scale processes. This includes
impacts on vegetation, ecosystems and effects on
human communities that are dependent on the
resources in Arctic and Boreal regions.

* Changes in the physical environment over high latitude

Guest Editors regions and associated ecological changes in Arctic/

Hans Temmervik Norwegian Institute for Nature Research Boreal vegetation.
* Changes in phenology of Arctic vegetation. Actual and

potential biomass change influenced by (local) climate,
natural disturbances, human impacts (e.g. resource
extraction) and impacts on humans (e.g. reindeer
herders).

* Transformation of open tundra vegetation to a more
shrub dominated landscape.

* Integration of in situ observations and manipulation
experiments with remote sensing.

Bruce Forbes University of Lapland
Donald Walker University of Alaska Fairbanks
Scott Goetz Woods Hole Research Center

Credit: Bruce C Forbes, July 2014.

Figure 6. ArcticBiomass special issue of Environmental Research Letters.

Hierarchical remote-sensing analysis of greening trends in Russia

The greening documented at the regional scale in northern Russia is also documented in
the hi-res satellite record is reflected in landscape-scale patterns of greening in Landsat
time-series across northwestern Siberia (Frost et al. 2013, 2014) (Fig. 7 & 8).

At the plot level, shrub mostly alders is commonly occurring in disturbed sites such as on
frost-boil patterned-ground features (Fig. 7). Field studies showed that alder establishment



is closely linked to disturbed mineral soils. The highest rates of shrub expansion were
found in northwestern Siberia, where active frost boils are common.

Alder density
(alders m*-2)

Figure 8. High-resolution imagery from two eras of satellites reveal broad patterns of alder establishment.
Comparison of 1966 (Gambit; left) and 2009 (GeoEye-1; right) imagery showing alder shrubland expansion on hilltops
at Dudinka study landscape, northwest Siberia,; alder abundance increased 25.9%. GeoEye-1 image © Digital Globe,
Inc. (Frost et al. 2014, Global Change Biology).



Synthesis of social-ecological effects rapid infrastructure and climate changes

Yamal LCLUC Synthesis: Comparison of infrastructure development and conseqeunces to social-ecological systems in the
Bovanenkovo Gas Field, Russia and the Prudhoe Bay Oilfield, Alaska

Donald A Walker?, Howard E EpsteinZ, Martha K Raynolds?, Marcel Buchhorn?, Timo Kumpula?, Bruce C. Forbes®, Marina O Leibman®, Artem Khomutov’, George V Matyshak®, Tracie Curry!, Gary Kofinas?, Vlad Romanovsky?,
Yuri Shur?, Mikhail Z Kanevskiy*

Alasko Fakrbonks, Fairbanks, AK U i vir ille, VA, US i Joensuy, Finlar
Universty of aplom, Banannt tend aeth & rattuie, Shesion Soamls A e, Mostaw b Tyames; s et Moscow Stote Univrsiy e
Abstract
Many areas of the Arctic are rapid and resulting from a of industrial and climate change as summer sea ice retreats and abundant Arctic natural resources
become more for The Gas Field (BGF) in Russia and the Prudhoe Bay Oilfield (PBO) in Alaska are among the oldest and most extensive industrial complexes in the Arctic, and both are situated in

areas with extensive ice-rich permafrost. Case studies of the two hydrocarbon fields provide an overview of the socio-ecological conditions, rates of hydrocarbon development, and perceptions of change by local cultures in these
two remote Arctic areas.

Bovanenkovo gas field, Yamal Peninsula Russia: Highly erodible sands and the presence of massive tabular ground ice near the surface contributes to landslides and th ion of slopes. A large set of cryogenic landslides

occurred in Bovanenkovo region in Central Yamal peninsula, Arctic Russia in late 1980’s. Mega size Bovanenkovo gas field was found in 1970’s and in 2012 production began after large infrastructure construction. In central Yamal peninsula both natural and
anthropogenic changes has occurred during the past 40 years. These range from physical obstructions, such as roads, railways, and pipelines, to direct and indirect ecological impacts, such as changes in vegetation and hydrology. Analysis summarized from
Kumpula et al. (2011), Kumpula et al. (2012), Khomutov & Leibman (2010), Khomutov et al. (2012) and Leibman et al. (2014).
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Prudhoe Bay ollﬁeld Alaska in the form ice-wed ion, is expanding along ice-wedges adjzcent to roads and in areas away from roads. Between 1990 and 2001, coincident with strong atmospheric warming during the
1990s, natural ed in d ice-wedge polygons to high-centered polygons, more active lakeshore erosion and increased landscape and habitat heterogeneity. These geoecological changes have local and regional
consequences to wildlife nabuu, land-use, and lnfusnmure Analysis summarized from Raynolds et al. (2014), Walker et al. (1980, 2014), Romanovsky et al. (2012), Kanevskiy et al. (2013).
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« The smalBoth fields were discovered at about the same time (PBO: 1968; BGF: 1972). The PBO Infrastructure network developed rapidly and by 1977 was connected to the rest of Alaska by the Dalton Highway and the Trans-Alaska Pipeline, which permitted additional

development of adjacent olifields, and export of the oll to the Ice-free port at Valdez. The BGF development proceeded much slower. Transport of gas out of the region still awalts construction of pipeline linkages to other gas fields on the Yamal and points further south In
Russia and Europe.
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Figure 9. Poster focusing on infrastructure and human dimension at Bovanenkova and Prudhoe Bay presented at the
2016 LCLUC All Scientists Synthesis meeting, Rockville, MD.

The consequences of rapid climate change and resource development vary with different
social-ecological systems across the Arctic. This human-dimension component of the study
focuses on the different effects hydrocarbon development in the Bovanenkovo gas field
and compares the results from a similar analysis of 62-years of history in the Prudhoe Bay
oil field, Alaska. It also compares the effects on the reindeer-herding culture of the Yamal
Nenets people on the Yamal compared to the hunting culture of the Iiupiat people in
Alaska. Project collaborators conducted social-ecological studies in these two regions
primarily with funds from other sources. Both studies relied heavily on remote-sensing
information to trace the history of development and for use in studies of local perceptions
of change.
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To date several posters focused on
the comparison of the effects of
development on the Yamal
Peninsula with those in northern
Alaska. These have been
presented at the Arctic Change
2015 meeting in Ottawa, AGU
2015 in San Francisco, and the
Arctic Science Summit Week in
Yohama, Japan, and the LCLUC All
Scientist meeting in Rockville, MD
(Fig. 9). Synthesis papers are in
preparation that will focus on the
remote-sensing aspects of these
two studies and a grand synthesis
of the biophysical and social
cumulative effects.

An important synthesis paper was
published by Bruce Forbes as part
of a special feature in the journal
Ecology and Society called
“Heterogeneity and Resilience of

Human-Rangerfer Systems: A
CircumArctic Synthesis”. The paper
(Fig. 10) presents an integrated
view of two groups of Nenets

F&S
Research, part of a Special Feature on Heterogene! d Resilience of Human-Ran, r Systems: A CircumArctic Synthe:
Cultural Resilience of Social- ecologlcal Systems in lhe Nenets and Yamal
Nenets Autonomous Okrugs, Russia: A Focus on Reindeer Nomads of the
Tundra

Bruce C. Forbes'

ABSTRACT. Empirical data on resilience in social-ecological systems (SESs) are reviewed from local and regional scale case
studies among full-time nomads in the ing Nenets and Yamal-Nenet Okrugs, Russia. The focus is on
critical cultural factors contributing to SES resilience. In partcular, this work presents an ntegated view of people stuated in
specifictundralandscapes that face significantly different prospects for ad:

associated with oil and gas development. Factors contributing to general resilience are compared to those that are adapted to
certain spatial and temporal contexts. Environmental factors include ample space and an abundance of resources, such as fish

and game (e.g., geese), to augment the diet of not only the migratory herders, but also residents from coastal settlements. In
contrast to other regions, such as the Nenets Okrug, Yamal Nenets households consist of intact nuclear families with high
retention among youth in the nomadic tundra population. Accepting attitudes toward exogenous drivers such as climate change
and industrial development appear 10 play a significant role in how people react to both extreme weather events and piecemeal
o of territory. C of their role as ible stewards of the territories they occupy has
likely been a factor in maintaining viable wildlife ions over centuries. ing reindeer herding have
remained flexible, especially on Yamal, and so accommodate decision-making that is sensitive to herders’ needs and timetables.

This affects factors such as herd demography, mobility and energetics. Resilience is further facilitated within the existing

governance regimes by herders’ ownagen cy, most recently in the post-Soviet shi u msmaller pn\alely m;maged herds that can

betterutilize available esinahighlydy nd land use chang;

Key Words: Climate change; Hydrocarbon extraction; Nomadism; Rangifer tarandus; Siberia; Stewardship; West Siberian
Tundra

INTRODUCTION

Tundra Nenets nomadism is well known within and outside
Russia for both the high quality of the intensive or ‘close’
reindeer herding (sensu Ingold 1980) techniques used and the
iconic imagery of a long-distance migratory lifestyle that has
all but vanished from most other sectors of the circumpolar
Arctic (Stammler 2005a). Nenets reindeer herding within the
tundra zone straddles the Polar Ural Mountains, i

from shrub- to graminoid-dominated tundra that s persistent
over sizable areas in the vicinity of active and abandoned ol
and gas. Forbes etal. 2009, K: laetal 2011,

2012). Atthe same time the availablit ofish,  critcal source

of protein for herders during summer mig

This is a result of direct and indirect impacts from road,

railway, and bridge construction combined with increasing
ion from new workers, who fish in rivers and lakes

encompassing >70% of the Nenets Autonomous Okrug
(NAO) of the East European Arctic and the Yamal-Nenets
Autonomous Okrug (YNAO) of West Siberia (Stammler
2005a, Rees et al. 2008). As neighboring federal districts they
share key common characteristics. These include the presence
of large semidomestic reindeer herds managed by the
indigenous Nenets, ongoing large-scale hydrocarbon
development and climate warming in the past few decades
(Rees etal. 2008, Forbes etal. 2009). Other indigenous peoples
practice reindeer herding on the tundra pastures of these
regions, such as Komi-Izhemtsy and Khanty in YNAO and
Komi-Izhemtsy in NAO, but the present analysis will be
limited to tundra Nenets. Ecological drivers are certainly

during their free time (Forbes et al. 2009). Symptoms of
warming air temperatures commented on by herders in recent
years include earlier break up of rivers and lakes in the spring,
later freeze up in autumn, more frequent and intensive rain-
on-snow events in winter, and hotter summers with a greater
degree of insect harassment (Rees et al. 2008, Forbes and
Stammler 2009, Forbes et al. 2009, Bartsch et al. 2010).

Observers have often commented on the apparent flexibility
of the Nenets when faced with a wide range of exogenous
forces during the Soviet and post-Soviet eras (Golovnev and
Osherenko 1999, Stammler 2002, Tuisku 2003, Zenko 2004).
The Yamal Nenets social-ecological system (SES), in

particular, has stood outas being resilient in the face of extreme
shocks and pressures in the past 20-30 years (Forbes et al
2009) and its tundra nomads are generally considered by other
herding cultures within modern Russia to be the ‘real reindeer

important, and there is evidence for extensive terrestrial and
freshwater degradation across these regions from
anthropogenic disturbance. Specifically, there has been a shift

Arctic Ceatre, University of Lapland, Finland

Figure 10. Paper published in special feature “Heterogeneity and
Resilience of Human-Rangerfer Systems: A CircumArctic
Synthesis” . Forbes 2013, Ecology and Society.

situated in specific tundra landscapes that face significantly different prospects for
adaptation depending on existing or planned infrastructure associated with oil and gas

development. The Nenets on the Yamal are affected by a suite of positive environmental
factors the have contributed to their relatively positive success compared to the Nenets in
another region just to the west of the Yamal, including an abundance of food resources on
the Yamal, intact nuclear families with high retention among youth, the accepting attitudes

toward climate change and industrial development, consciousness of their role as

responsible stewards of the territories, Russian institutions administering reindeer herding

accommodate decision-making that is sensitive to herders’ needs and timetables, and
smaller, privately managed herds that can better utilize available pastures.

Rapid Arctic Transitions due to Infrastructure and Climate (RATIC) initiative

The Rapid Arctic Transitions due to Infrastructure and Climate (RATIC) initiative is a forum

for developing and sharing new ideas and methods to facilitate the best practices for
assessing, responding to, and adaptively managing the cumulative effects of Arctic
infrastructure and climate change. The initiative is endorsed by the International Arctic

Science Committee (IASC).
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The indigenous people within the Arctic
keenly feel the effects of the combination
of resource development and climate
change, as do governments, agencies, and
industries operating in these regions. The
effects of the combination of infrastructure
and climate change, however, have not
received much interdisciplinary scientific
study.

The RATIC initiatve was developed during
workshop and topical sessions at the Arctic
Change 2014 conference in Ottawa, 8-12
December 2014, and the Arctic Science
Summit Week in Yohama, Japan 23-30 April
2015. The workshops were organized
around infrastructure case studies from
Alaska, Russia, Norway and Canada. The
white paper was presented during the 2016
Arctic Observing Summit in Fairbanks, AK
15-18 Mar 2016. (Fig. 11). The intent of the
white paper is to direct more scientific
attention to complex infrastructure-related
issues during the next decade. As first steps,

Rapid Arctic Transitions due to Infrastructure and
Climate (RATIC): A contribution to ICARP III

Five case studies and a summary of RATIC workshop activities at the
Arctic Change 2014 conference in Ottawa, Canada, 8m 12 December
2014, and the Arctic Science Summit Week, 23m 30 April 2015

Edited by D.A. Walker and J. Price

Figure 11. RATIC white paper. The paper was
developed during workshops in 2014 and 2015 and
presented at the Arctic Observing Summit, Fairbanks,
11-18 Mar 2016
http://www.geobotany.uaf.edu/library/pubs/Walker
DAed2015-RATICWhitePaper-ICARPIIl.pdf.

the RATIC group recommends that the combined IASC Cryosphere, Human and Social, and
Terrestrial Working Groups work together to (1) develop an IASC interdisciplinary RATIC
Network, (2) incorporate infrastructure-related issues more explicitly in the working

groups’ research priorities, and (3) promote
scientific meetings.

regular RATIC workshops at international

Toward adaptive management of infrastructure: UAF Decision Theater North

Figure 12. Decision Theater North at the University of Alaska Fairbanks.
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A new visualization facility at University of Alaska Fairbanks is designed to facilitate

dialogue and decision-making by agencies, industries, communities and academia. The
facility contains 7 high definition monitors, high-performance computing and storage, and
is configurable to serve as either a conference room or theater. A current focus is a

demonstration project that highlights the cumulative effects of road dust and other social-

environmental factors along the Dalton Highway in Alaska. The project is the part of a
Ph.D. thesis by Tracie Curry at the UAF. She is developing Interactive video with narration
and visual media (maps, info-graphics, animations, etc.) to enhance multi- stakeholder
communication and collaborative planning efforts.

Special recognition for the Russian contributions.

Figure 13. Members of the 2010 LCLUC Expedition at the Krenkel Hydrometeorological Station, Hayes Island, Franz
Jozef Land, 80°38’ N, the furthest north location on the EAT. Members of the expedition from left to right: Marina
Liebman, Artem Khomutov, Andrey Abramov, Dmitriy Drozdov, Elena Slagoda, G.V. (JJ) Frost, Pavel Orekhov, Ina Timling,
Andrey Ermak, D.A. (Skip) Walker, lvan Gameev, Grigory Matyshak.

The Russian participants, several of which are shown in Fig. 13, have made the Yamal
Synthesis possible through their major logistic efforts in arranging five expeditions along
the Eurasian Arctic Transect (EAT) and with their many scientific achievements.
Participants are from the Earth Cryosphere Laboratory in Moscow and Tyumen, led by
Marina Leibman; Moscow State Univeristy, and the Komarov Botanical Institue in St.
Petersburg. Their achievements have been made during a time of a difficult political and
funding environment between the U.S. and Russia.
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A brief summary of their achievements includes:

= Organized field studies and assisting in fieldwork along the EAT. Organized expeditions in 2007 (Nadym,

Laborovaya, Vakiny Dachi), in 2008 (Kharasavey), in 2009 (Bely island), 2010 (Hayes island), and 2011
(Kharp).

=  Permafrost, active layer, and soil studies at all locations, and revisit of locations to collect data. Annual
visits to Nadym and Vaskiny Dachi before and after 2007. Revisited Laborovaya and Bely Island three
summers.

= Continued research and recent major publications regarding the unusual landslides on the Yamal
Peninsula.

=  General physiographical and climate information for all sites along the EAT transect collected from a
number of key publications, and presented at Workshops in Moscow, Rovaniemi, and Canada.

=  Summary of existing information on vegetation, soils and permafrost for the transect locations and
Yamal as a whole. Collected partially and published in a number of papers, mainly in Russian.

=  Geobotanical studies at at all sites jointly with US colleagues.

= Organized a Workshop (First Yamal Land-Cover Land-Use Change Workshop Moscow, Russia — January
2008).

=  Translation of two Russian (PhD dissertations). 20-page summaries translated.

= Discovery and publication regarding deep craters in Central Yamal.

= Publishing and presenting results at Russian at a number of international conferences, NICOP, EUCOP3,

TICOP, EUCOP4, and AC2014.

A new book, Landslides in Cold Regions in the Context
of Climate Change (Shan et al. 2014) (Fig. 12),, contains

four chapters produced by Marina Leibman and her i
colleagues at the Earth Cryosphere Institute in Tyumen :’*‘:'q‘:h‘:'

and Moscow that synthesize information from several Faws Wang
aspects of the landslide situation in the central Yamal e S s

Peninsula. The landslides are the result of unusual
geologic conditions that create highly dissected
landscapes typical of the central Yamal region and
which present hazards to gas development and other
land uses in this region. Leibman and her colleagues
have studied these features since 1989 during annual
expeditions to Vaskiny Dachi and other key research
sites on the Yamal and Yugorsky peninsulas. These
expeditions have examined the strong impact of
cryogenic landslides on all components of the
geosystem including vegetation, soils, active layer,
ground water, but detailed information on these

studies were mainly available only in Russian and Figure 12. Cover of Landslides in Cold
English abstracts from international permafrost Regions in the Context of Climate
conferences. The overview chapter describes Change. Four chapter in the book were

. L K K written by Marina Leibman and
discovery, description, dating and mapping of the colleagues.

Yamal landslides, and suggests mechanisms, forcing
factors and triggers of landslide processes (Leibman et al. 2014b). Another chapter
assesses the geohazards and mapping of these features using remote sensing methods
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(Khomutov and Leibman 2014). A chapter by Anatoly Gubarkov describes the erosional
processes involved with the formation of complex drainage networks associated with
landslide terrain (Gubarkov and Leibman 2014). The fourth chapter describes the complex
relationships between permafrost, soils, and vegetation (Ukraintseva et al. 2014). This
study showed that the landslide process causes desalinization of marine sediments and
enriches the active layer with salts that cause unique successional processes for plant
communities that colonize the landslide surfaces. This is an important peculiarity of
cryogenic landslides in the region with saline permafrost distribution.

The most exciting and
totally unexpected event
was the discovery of a
deep crater that probably
formed in fall of 2013
about 25 km southeast of
the Bovanenkovo gas field
(Fig. 13). Marina Leibman
and colleagues described
the crater in summer and
fall 2014, and published a
paper in the Russian
journal Geography,
Environment,
Sustainability (Leibman et
al. 2014a) and another is
in press in Earth
Cryosphere (Kizyakov et
al. n.d.).

The Yamal crater is now
known to be one of 3 or 4
that appeared within the
last 2 years. A parapet
that resulted from
expulsion of ice and rocks
from beneath to the
surface surrounds the
crater. The authors
conclude that the origin
of this crater can be
attributed to the air-
temperature-warming
trend along with the
extreme temperatures of
2012. The increased

Figure 13. Yamal crater in summer and winter. The crater is believed to have
formed recently during explosive release of methane that is present in the
permafrost. (Photos courtesy of Live Science http.//www.livescience.com/49966-
siberian-craters-gallery.html).
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ground temperature and amount of unfrozen water in the permafrost, combined with
expanding of pockets of methane gas that were produced by gas hydrate decomposition
within permafrost, created a pingo-like mound that burst due to high pressure. The event
was widely reported in the worldwide media. Two of the best accounts are a 2014
interview of Marina Leibman by Andrew Rivkin, NY Times climate change opinion writer
and author of the blog Dot Earth https://www.youtube.com/watch?v=E5fK3TT2GAQ.
Another film by the Russian documentary channel RTD provides shows more details of the
crater since 2014 and provides video footage of the winter exploration of the crater, the
local Nenets people, and good photographs of several other lakes and "pingo-like" features
that are hypothesized to be precursors of the craters
https://www.youtube.com/watch?v=jc-FFhdNG9A.
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