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PREFACE

The Second International Conference on Arctic Reseglanning (ICARP II) was held in
Copenhagen, Denmark from 10 November through 12kder 2005 and brought together over
450 scientists, policy makers, research managediganous peoples, and others interested in and
concerned about the future of arctic research. gtrgplenary sessions, breakout sessions and
informal discussions, conference participants astdre long-term research planning challenges
documented in twelve draft research plans. Follgwire conference drafting groups modified the
plans to reflect input from the conference disaussiand input from the ICARP Il web site. This
science plan is the culmination of the process.
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5.1. Introduction

Recent changes observed in the Arctic support ntintes that polar ecosystems may respond rapidly
to advective processes influenced by global clinchenge. Changes in sea-ice extent and thickness of
the scale projected by climate models are intirgdieked to the transport of waters from the Pacifi
and Atlantic Oceans through the arctic gatewaysan@hs in sea-ice concentration will alter the
timing and magnitude of biological production ahdg the cascading effects through the arctic
ecosystem. The continental margins of the Arctie@crepresent the interactive transformation zone
between the shelf and deep basin regions, andactignamic boundary for cross-slope shelf-basin
interactions. Margins play a major role in the vatibn of the deep basins by transporting dense
brine-enriched shelf waters and their associatgdroc and inorganic carbon to the abyssal region.
They are also the main avenues for boundary cuwiemd for the large-scale ocean circulation that
transports heat, salt, freshwater, biogeochemicgigsties, and particulate matter around the Arctic
Ocean. A good understanding of the formation ofghteways and margins and of the major
processes regulating interactions through thesanggts and across the margins is a central
requirement for modeling the past, present, and-éudf the Arctic Ocean and its ecosystem.

Shelf margins are important sites for ventilatiownl altimately carbon sequestration in the arctic
basins; brine-enriched waters formed over the gisedwtrain particulate and dissolved matter before
being moved across the shelf break and down tdebp basin system. The shelf break is also an
upwelling site for warm Atlantic waters. There #neee major types of shelf to shelf-break margins:
inflow margins (Chukchi and Barents Seas), intemargins (Kara, Laptev, and East Siberian Seas),
and outflow margins (Canadian Arctic Archipelageiglre 5.1). The processes occurring over
continental margins and the shelf break are ctifardarge-scale ocean circulation and thus the
transport of heat, freshwater, biogeochemical ptagse and sediments around the Arctic Ocean.
Recent studies from the SBI (Western Arctic ShasiB Interactions; http://sbi.utk.edu) projecthe t
Amerasian Arctic indicate that more heat and freslwhas passed through the Bering Strait gateway
complex in recent years (Woodgate and Aagaard,; Z¥bGrebmeier and Harvey, 2005 for an
overview of the SBI project). These studies idéadifseasonal and interannual variation in the
physical and biochemical processes involved inssroargin exchange, such as advection, eddy
formation, upwelling and along-canyon transporteyralso identified seasonal and interannual
variation in nutrient fluxes and transformationatthffect biological parameters.

Marine mammals are an important component of tbcaiood web. Polar bears, walruses, and ice
seals (i.e., ringed, bearded, spotted, ribbon,,laarp hooded seals) depend on sea ice as a pldtiorm
breeding, feeding, and resting, and so changessaifice thickness and extent have immediate impacts
on their populations. Marine mammals and seabirgl$ap predators in the short food chains common
in the Arctic and so are excellent bio-indicatorecosystem variability (Moore et al., 2003, 2006).

the Arctic, many species also serve the nutritioeebnomic, and spiritual needs of Native
communities (Riedlinger and Berkes, 2001). Thusirenmental changes that affect seabirds and
marine mammals also directly affect the healthwwatibeing of human inhabitants of the Arctic.
Ecological pathways can be explored from the toprdasing these species as guides to the
transformation and fate of carbon, which links dikgback to the human dimension and to indigenous
insights of climate change in the Arctic.

Successful scientific drilling on the Lomonosov §dduring summer 2004 has stimulated planning
for future IODP (Integrated Ocean Drilling Progradnilling legs to the central Arctic Ocean, and its
margins and gateways. A pre-proposal was subntittéte IODP from a group based at the
University of Alaska Fairbanks (USA) for drilling the Bering Sea to recover the sea level recard fo
the Bering Strait. Recognizing the scientific sfgr@ince of the history of faunal and human exchange
between North America and Asia, as well as theohystf Pacific water input to the Arctic Ocean,
IODP invited the group to submit a full drillingggosal in spring 2006. Other groups are planning to
make use of existing multi-channel seismic datiatget expanded sections on the arctic shelves to
obtain material fodetermining paleo-oceanographic records simildhdse collected on the
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Figure 5.1.Major shelf seas and deep basins in the Arctior{f@armack et al., 2006).

Lomonosov Ridge and ones planned during drillintheBering Sea. Locations of particular
interest include the Chukchi Borderland and the d&eev Ridge.

Despite progress in understanding the circulatiatier column structure, geological history, and
biochemical processes of the shelf, margins, aeg tasins of the Arctic Ocean, there are still vast
uncertainties. There are few time series obsemsitwer the continental slope. Observations in the
main gateways (Bering and Fram Straits, BarentsCoeaplex, and the Canadian Arctic Archipelago)
are limited and irregular, and causal linkagesspesulative. Episodic events are known only from
their downsteam effects. The lack of observationslastoric data is a major constraint to quamnidyi
variability in heat, freshwater, and material flaxand the sub-bottom geological structure, and to
predicting future changes in the arctic environm@ntintegrated, international network of data
management and portals for data submission isnedjéor this ICARP Il science plan.

5.2. Focus of the Science Plan

To move forward current understanding of arcticgiras and gateway this ICARP Il science plan
outlines the main scientific issues associated thigharctic margins and gateways, evaluates the
science needs for study, and presents a plan fionamver the next five to ten years.

5.2.1. Goals and Overview

The main aim of this ICARP Il science plan is teelep a plan for a coordinated, international
research strategy for the arctic gateways and mgrgased on modern, paleo-oceanographic and
geophysical studies for investigating issues a@vahce to global change and climate variability.
Priority topics for the margins and gateways wélilentified, related specifically to near-fielé¥)
and far-field (ICARP Il) objectives.

The gateways into and out of the Arctic are kewlaimrs of the forcing factors for the arctic and
global climate system, while the margins are taagformation sites for oceanic boundary currents
and the sites of water, carbon, and sediment toaihpm the shelves to the deep arctic basins. The
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shelf-break is a key location for studying the gstsm response to climate change. While the
gateways can be considered the “front doors” toAltetic, the arctic system as the “room inside” is
changing. This ICARP Il science plan proposes sith investigate the key processes of both sites.

Shelf-basin exchange measurements and sub-bottmiestare required at key locations around the
Arctic coincident with measurements in the gatewayfsom the Arctic Ocean. The field campaigns
must be coordinated with high resolution procesdist and large-scale modeling studies to
understand the Arctic Ocean and its variabilityoasrbroad time scales. Time-series data will miake i
possible to evaluate the role of gateways and siegiens in climate change and the associated
ecosystem response. The data will be used to validgional to large-scale models and will helghwit
the prediction of future change. The science platlires a framework for moorings, process studies,
sub-bottom structural imaging, and paleo-oceandgcagoring that can be coordinated
internationally, and can help guide ongoing andipdal field operations toward the goal of a long-
term observatory network of studies at the arcticgims and gateways.

5.2.2. Gateways and Margins: Now and in the Future

A reduction in both sea-ice extent and thicknedkimfluence local and global climate. Changes in
sea-ice formation and thickness influence albeddfack, as well as the formation of brine and thus
the halocline. The greatest reduction and thinwiigea ice in the Arctic is occurring in the Paxifi
sector, with seasonal retreats in 2002 to 2005t extreme in the satellite data record (Stratve
al., 2005).

Anomalous spring and summer productivity on therm@eBea shelf has been related to decadal-scale
atmospheric/sea ice/oceanographic processes, andlsuareflect regime-induced climate changes in
the western Arctic (Stabeno and Overland, 2001ri@nd and Stabeno, 2004). These authors reported
that the Bering Sea is shifting to an earlier gptilansition based on ice melt and changes in
atmospheric circulation patterns. The shallow ayrhdhic northern Bering Sea region appears to be
responding directly to changes in climate forcimagagmeters (Overland and Wang, 2005). Grebmeier
et al. (2006) indicated coincident seawater warnaind a northward shift in the position of the
Subarctic-Arctic Front in the northern Bering Sedh ecosystem level responses evident from the
reduced benthic carbon supply and standing staskaell as a northward shift in fish and benthic-
feeding marine mammal populations.

The decrease in arctic sea ice is in part duedeased heat fluxes from the North Pacific and INort
Atlantic via the gateways and across the margidscam be magnified through positive ice-albedo
feedback. Thinner sea ice also allows more solarggrto enter the water below the ice, thus heating
the underlying water. Studies in the western Ar¢Sikimada et al., 2005) found the maximum
temperature to occur in the subsurface water, svittose correlation between sea-ice decline and
subsurface warming. Ice is also a habitat for nt@ialpgical species, from light-dependent ice algae
to higher trophic organisms such as Arctic codyusds, beluga and bowhead whales, ice seals, and
polar bears; species unique to polar regions. fiignit reductions in sea-ice cover can thus atteet
local ecosystem and local climate, which in turntdbute to global change.

Flow through gateways regulates the arctic systéitevthe margins are transformation zones. Margin
processes connect the shelves to the deep bagjnsgb.1), and ultimately to the global system.
Different chemical signatures arising in the slselis and crossing the continental margins arelusefu
tools for tracing water masses in the central Ar€icean, to establish circulation patterns, residen
times, and formation processes. Studies over #ielé&cade show considerable variability in the
circulation pattern of the upper 500 m of the calniwrctic Ocean, especially in relation to the shif

the distribution of freshwater and the positiorired front between the Pacific and Atlantic waters,
which have exposed a much larger area of sea iteetowarmer underlying Atlantic water. The shelf
break is an important site for observing ecosystsponses to climate change since this is where the
combined effects of boundary currents, shelf-bazthange, and retreating ice cover are most
pronounced.
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On geological time-scales, exchanges with the Woddan are controlled by a deepening and
shallowing of the ocean floor during tectonic opgnand closing of the gateways. The tectonic,
geodynamic, sedimentary, and paleo-topographiofist of margins and gateways provide the
framework for modeling studies that will relate $beevents to paleo-climate observations from
around the world. To better understand past enmmrial and climatic changes it is essential to
investigate these processes using paleo-biologimhlgeochemical proxies, and state-of-the-art
techniques for geophysical surveying, sedimenngernd ocean drilling.

Processes such as upwelling, advection, and thedimetltirculation redistribute water masses
vertically and horizontally along and across thelfsadge. Although little is known about preseny-da
margins, the connection between margins and gatesaygests an intimate cause-effect relationship
such that without ice the arctic slope processadavoe similar to slope processes in temperate
waters. A recent modeling study indicated thatiseaetreat is likely to enhance upwelling and
primary production at the slope (Carmack and Chapr2@03), which would have system-wide
consequences for carbon processing and sequestratitepth.

The Arctic experiences both positive and negatineerhohaline circulation depending on the season
and this strongly influences shelf-basin interai@Macdonald and Carmack, 1991). Thus, the
volume of freshwater input in summer (from rivetinge melt sources) and brine in winter will vany i
a changing Arctic. Pacific waters moving acrosswidge Bering and Chukchi shelves, and the
western part of the Beaufort Sea (Figure 5.1) &raajor importance to the physical structure of the
ocean and sea ice, and to the productivity ancbcaansport in the Amerasian Arctic (Grebmeier
and Harvey, 2005). Shimada et al. (2001, 2005) skdWwat summer Pacific water is an important
source of heat to the upper layers of the Pad#fitcs, and is particularly important over the Chhikc
Borderland. The density of winter Pacific watemuenced by ice formation and brine rejection,
such that the timing, extent, and location of takbline are intimately tied to these processes.

Certain physical, biogeochemical, and biologicaaographic features distinguish the Pacific and
Atlantic sectors of the Arctic Ocean, and theseehieportant implications for shelf-basin exchange a
the margins. Pacific water has distinctive dowrsstrend offshore effects within the upper halocline
to the Arctic Basin proper and the Canadian Aratichipelago. Although some shelf-slope processes
are common to all arctic margins (e.g., ice foromtbrine rejection, advection, and eddy production
for shelf-basin exchange), the “Pacific signatusadistinct in its large and small-scale impacts
compared to regions more influenced by North Attawiaters.

Estimates of water transport, plus knowledge opsnded material and plankton communities, can be
used to generate estimates of advective fluxesjigksbt al., 2005). Process studies involving et
and lateral export of organic matter from the shelf slope are important for identifying the soarce

of organic matter to the Arctic Ocean (Bates etZil05a,b; Moran et al., 2005). In the Atlanticteec
episodic advection of biologically-rich deep watas been detected by moored sediment traps and
shown to contribute to the vertical export of origanatter in the deep ocean from the western Barent
Sea to the Norwegian Sea (Thomsen et al., 200TerRstudies in the Chukchi and Beaufort Sea
indicate that Barrow Canyon is a major conduitdimsolved and particulate carbon transport to the
slope and basin regions (Bates et al., 2005; Costpadr, 2005; Hill and Cota, 2005; Moran et al.,
2005). Such events are probably also occurringgather arctic margins. Moorings measuring flow
in gateways and over margins should include seditnaps to monitor advective transport of organic
matter over long periods. Episodic pulses of higfanic material supply can then be included in
budgets.

While a composite of regional investigations caovpie some information on local responses to
climate change for higher trophic organisms, inisch less than can be achieved through a
coordinated pan-Arctic higher trophic research pog Such a program should include dynamic
research tools such as satellite tracking, passivastic detection, genetic and chemical (e.gtojEn
fatty acid, and contaminant) analyses, and shadds on species that can integrate conditions nvithi
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arctic ecosystems across a range of ecologicascthe species used should reflect food-web
dynamics and the geographic range of the species.

There were no arctic shelves at lower sea levealdtaa paleo-record shows that shelf break margins i
the past played a central role as upwelling siteghe Arctic Ocean. A continued reduction in sEa i
and changing atmospheric and seawater temperatizngsesult in shelf-to-shelf connectivity
changing spatially to shelf-to-basin exchange gf@ample with freshwater inflow to the Arctic Basin
from the Kara Sea. The relocation of freshwatergpart from shelf to basin would strongly affect
boundary current dynamics. This emphasizes theiitapce of a circum-arctic “snapshot” study,
followed by time series monitoring at key sitegha Arctic. In addition, if the Yermak Plateau and
Chukchi Plateau are considered deeper parts dfrittee Ocean margin, circulation dynamics will
probably change there as well.

To better understand the Arctic Ocean and its kit at different time scales, the paleo-recordstn
be interpreted within the context of contemporawgd®s. The Arctic Ocean has passed through
various geometrical, physical and chemical stalgatsshow that it has changed over geological time
scales from a stagnant and oxygen-deficient ode@augh a temperate upwelling basin to a cold and
ventilated ocean. However, little information isadable for the early (stagnant) period of the Arct
Ocean. In contrast, the sediments of the margintagopaleo-oceanographic records of depositional
facies, sea level, and sea ice history that proaigeod body of information to provide the longater
context for contemporary margin studies. The imgrurpaleo-oceanographic information includes
changes in geometrical shape arising from tectamécsedimentary processes and the physical and
chemical changes in water masses. Better undeimstpofithese processes is essential for more
realistic parameterization of models for climatelation through the Cenozoic Era to the present,
particularly during the “hothouse-icehouse” traiosii the beginning of northern glaciation, and othe
periods of dramatic changes in climate. This caadheeved through geophysical data acquisition
programs and reconstructions of the plate-kinersaie paleo-bathymetry.

The continental slopes play an important role artiass transport of sediments with consequences for
the physical and ecological status of the basimd far the global carbon budget. Erosion, slope
stability, and slope failures, evident at contiméntargins around the world, have been little mdppe

in the Arctic, except in the area of the Yermaké&da (Winkelmann et al., in press). Studies must be
undertaken on the causes and potential for slapedalong the arctic margins, because these fast
high-volume downslope sediment events affect lacal regional ecosystems and cause burst release
of methane when a shift in pressure and temperahaeges the gas hydrate stability. Such studies
require a systematic survey with multi-oeam mapjingd seismic profiling as well as a search for
methane seeps.

Four gateways provide the “front and back doorgh®Arctic and regulate forcing for the arctic
system: the Fram Strait Complex, the Bering S€aimnplex, the Barents Throughflow Complex, and
the Canadian Arctic Archipelago Complex (Figure)5The continental margins are the interactive
zones between the shelf systems (addressed by ITARReNnce Plan 6) and the deep basins
(addressed by ICARP Il Science Plan 4). This ICAR&ience plan identifies eight regions (Figure
5.2) and several key processes for focused, pait-atadies over the next decade.

1. Fram Straits the primary deep connection between the Aatid the World Ocean and represents
the main gateway for the flux of warm water frondratitudes to the Arctic Ocean. The oceanic heat
imported from the North Atlantic has the potent@hffect the ice cover in the Eurasian Arctic émd

be released to the arctic atmosphere. The outffdveshwater and sea ice in the East Greenland
Current to the south initiates the global thermwigatirculation cell. Fram Strait is the outflowusoe

for North Atlantic Deep Water and is a major sowt&eshwater to the Nordic Seas deep water
convective regions (Aagaard and Carmack, 1989).bHdakrectional flow also allows the exchange of
Atlantic and Arctic species. Recent findings showrecreased northward heat flow through Fram
Strait into the central Arctic (Schauer et al., 20@nd that this pulse of warm water took fivergda
make its way along the continental margins to tete¥n Eurasian Basin.
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Regional Areas:
Margins and Gateways

1. Fram Strait Complex (gateway)
2. Barents Throughflow Complex
(gateway)

Santa Anna Trough (margin)

e

Kara/Laptev/East Siberian Sea
(margin)

Bering Strait Complex (gateway)
Beaufort Sea (margin)

Northern Canada (margin)

© N o o

Canadian Arctic Archipelago

Complex (gateway)

Figure 5.2.Distribution of eight regional areas for margirdagateways studies within this ICARP |l
science plan (figure courtesy of Eddy Carmack).

Plate-tectonic opening and ocean spreading of ritwa Strait occurred about 10 million years ago.
However, it is unclear when the first major deepenvpassage developed, because the reconstruction
of sediment deposition and erosion in this gateisaycomplete. Large sediment drift bodies have
been observed along the eastern side of the Strete drift systems are a result of strong bottom
currents and may have blocked substantial propwrtid deep water flow at various times.

Knowledge of the dynamic behavior of these sedindeifts is an important prerequisite for a detailed
paleo-bathymetric reconstruction and will enabledeimg of past ocean current systems in this
gateway.

2. The Barents Sea Throughflasvthe second major region of Atlantic inflow tetBarents Sea shelf
and thus the transformation site critical for stxfin exchange across the northern margins of this
sea. Advection is a major factor influencing icel @eawater dynamics in the region. This is an
important site for the inflow of Atlantic speciegd the Arctic proper.

3. Santa Anna Trougtonnects the high production on the Barents shigifthe substantial water
transport through the Barents Sea and this is\umliéo be an important route for allochthonous
material to the Arctic Ocean. The trough regioresaso important for dense water transport to the
margins and Arctic Basin. Modifications to the Adi@ water (cooling, brine formation, and mixing)
that occur during advection through the Barents(Sieailar to Pacific water modifications during
advection through the Chukchi Sea) determine timsitleof this flow and thus the relative
contributions to the upper, middle, or deeper Iaydrthe Arctic Ocean. Vertical position of water
type is important for basin circulation as welfasenergy input to the food web, and can change as
density is influenced by climate change.

4. Kara/Laptev Sea/East Siberian S&d® largest amounts of sediment enter the Arctiead with

the Siberian rivers as they flow into the Sibehelf seas (Figure 5.2, areas 4 and 5) and thef@eau
Sea (Figure 5.2, area 6) bringing particulate mattgtrients, dissolved inorganic and organic carbo
as well as heavy metals and other pollutants. Safrttés material is buried on the shelves, while th
rest enters the deep central Arctic Ocean. Thep@mh and deposition of this material plays an
important role in the formation of the continergldpe and its stability.
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5. The Bering Strait Complefdnadyr Strait, Shpanberg Strait, and Bering $traithe northern
Bering Sea and Bering Strait region is a valveesyisior regulating inputs of heat, freshwater and
nutrients into the Arctic proper (Cooper et al.979Shimada et al., 2005; Woodgate and Aagaard,
2005; Woodgate et al., 2005), as well as fluxdsiaibgical organisms and organic carbon
(Grebmeier, 2003; Walsh et al., 2004, 2005). Sinatfsformation processes are critical for
biochemical processing of carbon and for excharigardon and nitrogen products at the margins.
The canyons and troughs, particularly Barrow anchidecanyons, play a central role for water
current transport and biogeochemical and biologicatluct exchange between the shelf and basin
(Codispoti et al., 2005; Grebmeier and Harvey, 28UBingartner et al., 2005). The freshwater inflow
through Bering Strait provides around 40% of thaltireshwater input to the Arctic Ocean
(Woodgate and Aagaard, 2005). Eddy formation isrgortant mechanism for cross-shelf exchange
of physical and biochemical tracers. Changes irirgrgwater flux from increased inflow through
Bering Strait, sea-ice melt, and river inflow te tArctic Basin may also influence global climate
systems via connectivity to meridional overturnimgter on the Atlantic side.

6. The Beaufort Sea margisia narrow and poorly understood site for shaBib exchange of
freshwater and terrigenous sediments. Boundargctidynamics play a significant role in shelf-basin
exchange through eddy formation and along-shorespart.

7. The northern Canada marggnthe least studied margin due to its extremeder, yet is the main
site for shelf-basin exchange between the Canaifietic Archipelago and the deep Arctic Basin.
There is virtually no understanding of water cutfémw and processes in this region. There is an
assumption that water exits the Arctic Ocean thinowayious passages leading from the northern
Canada margin, but there is no evidence to supipisrt

8. The Canadian Arctic Archipelag®an important shelf system for carbon processtagific water
outflow, and freshwater exchange. It provides awag passage for water and organisms out of the
Arctic. The outflow of Arctic Ocean water is an iorpant freshwater source for the Baffin and
Labrador Seas. Water passing through the Canadiztic Archipelago contains progressively higher
nutrient levels, with silica increasing by a factdithree to four (although nitrogen:phosphorusosat
stay relatively constant). The presence of icdwén@anadian Arctic Archipelago affects partitioning
within the ecosystem and tidally-driven fluxes enportant in the formation of biological “hot spbts
The Nares Strait is the shortest passage betwefin Bay and the Arctic Ocean. The tectonic motion
and separation between Greenland and Ellesmerallganot well understood. Recent mapping of
vertical tectonic faults indicates recurrent strilip motion. It is possible that there has nevesrba
deep water passage, and that sedimentation predes¥ares Strait have blocked shallow water
transport at various times. Farther south, DawvigilSt underlain by a block of thinned continental
crust, separating the deep basins of Baffin Baythad abrador Sea and forcing the Greenland
Current to turn back into the Atlantic.

5.3. Scientific Questions

A fundamental objective is to understand how anttézgins and gateways regulate the physical and
biogeochemical processes in the Arctic that ateelino sea-ice dynamics, air-sea interactions, the
freshwater balance, and associated ecosystem dgsahhie shelf-break is a key site for studying
ecosystem responses to climate change as it ahZone for evaluating system responses in tefms o
changing sea-ice cover, boundary current dynaraics shelf-basin exchange. The gateways can be
considered the “front doors” to the arctic syst&macause the “room inside” is changing this ICARP Il
science plan outlines studies to investigate tlyepkecesses operating within the arctic systems&he
should include contemporary oceanographic and gicéb studies, with longer-term paleo-
oceanographic studies that include geophysicalcéspe establish the detailed tectonic, geodynamic,
sedimentary and paleo-topographic histories ofithggins and gateways. Central issues for
evaluating the system response to ongoing clinamtitecosystem changes in the Arctic are grouped
below according to four overarching themes: seaxkheat transport; freshwater; ice-ecosystem
reorganization; and climate change.
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The focal questions should address how changingceezover alters exchange (e.g., sediment
transport) with the margins in different regiongfué Arctic, and how overall sea ice concentration
and heat content are affected (e.g., shifts inrobeat transport, interaction with
ice/atmosphere/climate). Marine production anderial inputs should be addressed in process
studies, carbon budgets, and modeling studiesniPigrshould include coordination with ongoing and
planned field programs especially in relation te work of other marine groups (see ICARP I
Science Plans 4 and 6).

There is a need to identify the major processesroiog at the margins and gateways, especially in
relation to natural versus forced variability aaage of temporal scales as this is necessaryethqbr
forcing functions and impacts under future scersapiioclimate change. Process studies are necessary
as well as a characterization of the biological samity and the physical and chemical properties of
waters in the marginal seas, such as the Baredt€hnkchi Seas. Moorings are important for
generating short- and long-term time series daiaekample, an episodic advection of biologically
rich deep water is known to make a significant bation to the vertical export of organic material

in the deep ocean from the western Barents SéeetNarwegian Sea, and this process is also likely t
be important on the northern shelf. Thus, modethgaleo-oceanographic studies and time series
measurements need to be expanded and integrabea marine pan-Arctic observational network that
includes sites at the margins and gateways andhéisalbeen coordinated with coupled modeling
efforts.

Questions concerning the role of gateways underdutlimate change scenarios (e.g., decreased ice,
increased/decreased temperature, increased paticipjthighlight potential areas of investigatiam f
field and modeling studies. For example, a changeimd transport is anticipated in the Barents Sea
that would influence ice on and off shelf. In theesp this region may have been a Baltic gateway.
Studies in the eastern Arctic using moored physicahnographic arrays in Fram Strait and
hydrographic transects indicate an increase irhm@ntd heat flow from Atlantic water from 1997 to
2000 and observations show that this is still carntig (Schauer et al., 2004). A stronger (or weaker
inflow through Fram Strait will influence the stggh of recirculation and compensation within the
arctic system having global implications.

The establishment of an international pan-Arctarfework for future studies at the margins and
gateways in the Arctic will be an IPY legacy.

Specific scientific questions concerning the cogttital margins and oceanic gateways in the Arctic
are grouped below according to the four overarchiregnes. Examples of sub-questions thought
necessary to better understand the dynamic precassieese sites are also listed.

5.3.1. Sea Ice and Heat Content

Sea ice and heat content, especially shifts inrobeat transport, interaction with
ice/atmosphere/climate, including Western (Pa@#gctor) and Barents Sea (Atlantic Sector)
interactions with the Arctic Basin.

What roles do processes at margins and gatewaysipléne recently observed changes in sea-ice
extent and thickness in the Arctic?

What is the relative role of oceanic versus atmesigtcontributions to the changing sea-ice
cover at the slope regions and gateways in theiédct

How will changing Atlantic and Pacific inflows infnce sea-ice cover and atmospheric
exchange and what are the potential feedbacksetayktem?

Over what lateral extent will the Atlantic and Picinflows provide heat to the Arctic Basin and
its ice cover?
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How will the rates of exchange between the ardted\ees and deep basin be altered by retreating

ice cover and how will these affect halocline fotimraover the slope and in the Arctic Basin?

How will a trend of decreasing sea-ice cover attex annual cycle of sea-ice formation and air-sea
carbon dioxide flux?

What are the feedback mechanisms affecting icatextehe continental margins and what are
their thermodynamic impacts?
What are the consequences for carbon dioxide ugtake the atmosphere of the changing sea

ice and river run-off with regard to phytoplanktassemblages, dense shelf water production and

ventilation, and biogenic matter fluxes at the niasg

What are the physical and biological impacts onbear dioxide fluxes of a reduction in sea ice
extent and thickness and changes in solar heatitigeamargins and gateways?

Will changes in the timing and extent of ice forimainfluence halocline formation and its
thickness at the continental margins, and if thigek is altered, what are the implications of a
reduction in the density gradients across the Haledn this region?

What are the implications of a change in the fremiewand heat flux at gateways on near-field
(Pacific and Atlantic sector) and downstream (CanadArchipelago and Arctic Basin)
ecosystems?

5.3.2. Fresh Water

What are the main areas of water mass modificatidhe circumpolar boundary current, and its
extension into the North Atlantic Ocean?

How sensitive to environmental change are the mweg that maintain water sources for the
arctic boundary current?

What impact might these changes have on the maignitithe meridional overflow and on the
sequestration of anthropogenic carbon dioxide?

What are the strength and variability of the Fratra@ and Barents Sea branches of the Atlantic
Water? What types of new water masses will be ftimere?

What are the mechanisms by which the Atlantic samifie waters are transformed on their
pathways along the slope?

How have changes in tectonics, sedimentation, aedhgrphology of the arctic gateways and
margins controlled the paleo-climate?

What is the temporal and spatial interaction betw#e past and present plate kinematics,
mantle processes, margin formations, and crusthsglence and uplift processes?

When did the gateways open, and what is the exaictg for shallow and deep water mass
exchange between the Arctic and the global ocean?

What can records of change, preserved in sedimepdits in the gateways and along the
margins, reveal for understanding past ocean cursgstems and the evolution of deep-water
circulation?

What can be learned from understanding the long¥paleo-climatic history from Mesozoic-
Early Tertiary “Greenhouse” conditions to upper Tiary-Quaternary “Icehouse” conditions?
What role do gateway openings/closures play irgibbal carbon cycle, the bio-evolution, and
the development of ice sheets and climatic changes?

5.3.3. Ice—Ecosystem Reorganization

How do gateways and margins regulate physical, éeapemical, and biological processes in the
Arctic?
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How do the margins and gateways interact in (a)rttfantenance of arctic sea-ice cover, (b) air-
sea interactions, (c) freshwater balance, and @jagiated ecosystem dynamics ranging from
primary production to consumption by top trophiedkspecies?

How does water column structure at different sitethe margins and gateways change over
seasonal and interannual time scales and whataegrhpacts of this variability on shelf-basin
exchanges?

How will changes in the valve dynamics of the BgBirait continental shelf complex and the
Fram Strait/Barents Sea shelf-complex associatéid aliered ice cover affect downstream arctic
ecosystems?

How will a shift northward in the Subarctic-to-AstiFront influence food web dynamics and
ecosystem structure?

Will a reduction in ice cover change the standit@rks of major arctic species toward temperate
species and shift the boundary between them norththeough the gateways and over the
margins?

If warming surface and bottom waters shift northavawill there also be a northward shift in
subarctic predators through the gateways and oremhargins, both pelagic and benthic fish
species and epifaunal predators, that will compéta arctic species or will biological
adaptations occur along contiguous domains?

If ecosystem reorganization occurs due to climaamning, will it be reversible, and if not, what
future impacts can be forecast for the arctic aysés a whole?

5.3.4. Climate Change
Climate change via impacts by regions, includingakality vs. anthropogenic forcing.

What are the dominant processes occurring at tlsi@continental margins and gateways, both
contemporary and inferred from the paleo-record?

How do water masses as inferred from the paleofckueract at the margins, and what are
their resulting physical, chemical, and biologigmbperties?

What is the water column structure in the Santaa®frough and in certain other physiographic
areas of the continental slope (e.g., East SibeBaa slope, Herald and Barrow Canyons)?

Are there any biological indicators at the margarsd gateways (e.g., benthic faunal
composition/biomass, Arctic cod, beluga whales) taa act as sentinel indicators of key trophic
pathways responding to environmental change?

What sediment records can be used as indicatocBroéte change in water mass circulation and
biogeochemical regimes and can paleo-records pesgidonnection between contemporary
studies and the modeling of future change?

How will physical and biogeochemical fluxes varainircum-arctic sense and in relation to
climate variability and change at lower latitudes?

How can sedimentary transport and deposition preesslong the slopes be quantified?

What is the role of slope failures in material tsport and methane hydrate stability? Which
regions have a high potential for catastrophic nagith release and slope failure?

How can natural vs. anthropogenic change in thdiamcosystem be differentiated?

What is the magnitude of the interannual variapilit physical, chemical, biological, and
sedimentological properties at the margins now emthe future?

Can an evaluation of natural variability acrossange of temporal scales in gateways and at
margins be used to evaluate forcing functions amgkicts under future climate change
scenarios?
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How will the roles of margins and gateways changeeu future climate change scenarios, such as
decreased ice, increased/decreased temperatureinaneased precipitation?

What field and modeling efforts will best enabledictions of future environmental change
scenarios and allow the linking of current and paata records to the margins and gateways?
What are the key influences of the arctic margimd gateways on global processes, for example
the Atlantic convection and overturn, and how cardating advance understanding of far-field
impacts of arctic system change on lower latitudes?

5.4. Scientific Approach

A flexible, system-scale observation network compated by state-of-the-art numerical models is
required to describe the Arctic Ocean circulatioa,cover, and ecosystem in order to predict its
variability and change in future decades. Focusgdiess at the arctic margins and gateways are
germane to this task. This ICARP Il science plavigans an internationally coordinated research
effort addressing shelf-basin exchange in the pipplar margins and through the gateways in the
Arctic (Bering Strait, the Canadian Archipelagc Barents throughflow complex, and Fram Strait).
The variability observed and modeled in those megjio the past can be used to help identify thet mos
important parameters and processes for currentuanie studies in the gateways and margins to
detect, understand, and predict potential charmtetarctic system.

Available historical data must be retrieved andnaigsted particularly on ice thickness and
concentration, on paleo-climate proxies from seditmecords, and on tectonic evolution, to
place contemporary changes within the context sf ggsponses to climate forcing, and to apply
this knowledge to predict future impacts of envirmmtal change.

This ICARP Il science plan includes (a) the intéigiraof classical observation methods with
multi-sensor observatiortd the ocean and ice cover to undertake studiesathe Arctic Ocean
boundaries and within the gateways; and (b) longr-tebservatoriescomprising oceanographic
sections and moorings as well as geophysical mamit@t the margins and gateways to provide
continuity for scientific measurements and inteioral collaboration during the ICARP I
process, IPY 07/08, and in future years.

Models must be developed that can properly repmdnd assimilate past and present
observationsThe models should include improved parameterinataf critical gateway and
margin processes and sufficient details of the lmligeo-bio-physical system to determine
linkages from the local to the pan-Arctic scale haglond to the global ocean (both North
Atlantic and Pacific). The models should also liegnated in time over decades and centuries to
millions of years to differentiate long-term trerfdsm mid-term trends and mid-term trends from
interannual variability.

The potential change in the seasonality of shelfadyics and shelf break upwelling is likely to have
major impact on the total carbon budget and shadirbcarbon fluxes in the Arctic. To investigate
potential oceanographic changes with ice retreghward over the margins, a network of gateway
transects and pan-Arctic marginal exchange trassegrroposed on which standard physical,
biogeochemical, geophysical, and geological measenés would be built around a backbone of
moorings and observatories at the arctic shelfofeeocess studies along these transects would plac
times series stations within the spatial conteXteyf forcing and/or responding-to-change regions in
the Arctic. Remote sensing data from satellitesséa-ice extent and thickness, ocean color
(chlorophyll), and for tracking marine mammals @edbirds relative to the shelf and shelf break will
provide additional information as well as validatiof field measurements and numerical model
output.



ICARP Il — Science Plan 5 12-5

Coupling tectonic and geophysical data will endbteised scientific drilling that will generate aogb
database for reconstructing the paleo-oceanograpidclimatic history of the high latitude areas of
the northern hemisphere. With increasing computatipower, high-resolution gridded paleo-
bathymetric reconstructions will replace the geaioak boundary conditions for paleo-current and
coupled paleo-climate model runs. Other developmieriude the installation of deep-water swath-
bathymetry systems on ice-strengthened researclelgethe availability of magnetic survey
equipment on helicopters operated from ships, dwdreces in tectonic and sedimentary
reconstruction techniques (e.qg., utilization ofiged datasets and animated reconstructions).

5.4.1. Circum-Arctic Observational and Modeling Netvork

The observational network includes the followingasierements from icebreakers and ice-
strengthened ships, with reduced data collectiomfaircraft in spring when ice cover limits ship
access, coincident with moorings and satellite cye. An observation-oriented, multi-disciplinary,
and multi-environmental approach must be undertakéime next decade to capture both ongoing and
unforeseen change. Areas of paleo-oceanographitgoon the slope and in the gateways will make it
possible to place current arctic change observatiathin the perspective of past events in order to
predict the impact of future climate change scersaon the arctic system.

Time Series Hydrographic Transects across and al@sgteways and Margins

The standard suite of measurements along thesetrtsnshould include: temperature, salinity,
transmissivity, fluorescence, nutrients, dissolggggen, stable oxygen isotopes, carbon
measurements (particulate organic carbon, dissehadanic carbon, dissolved organic carbon), pH,
atmospheric measurements, incident and underwigkey &nd chlorophyll. Knowledge of the levels

of the various carbon fractions in the brine forrdeding sea-ice formation at the circum-arctic scal

is required to establish the role of sea ice pradnan air-sea carbon dioxide fluxes. Tracers &sid

(for transient and conservative tracers) acrosbthmdaries and at the gateways are needed taedefin
pathways and rates. Chlorophyll, ice algae, phgtoktion, zooplankton, and benthic and higher
trophic level species must be sampled to estatilisieffect of ice decline on population distribago
and interactions. Summer and, where possible, motteanographic surveys are needed to investigate
pan-Arctic synoptic marginal exchange transectisgusebreakers and ice-strengthened ships. A
reduced data suite collected from aircraft in gprooincident with mooring emplacement and sagellit
coverage, would allow a temporal and spatial nétvedishelf-basin exchange studies. Higher trophic
level species (e.g., marine mammals and seabiatishe indicators of climate change in the Arctic
and can provide an important link between enviromaechange and impacts on Native community
lifestyle and indigenous knowledge.

International Mooring Arrays focused at the ShelfrBak and in the Gateways

International mooring arrays focused at the shelék around the Arctic and in the gateways will
provide time series data sets of physical, biochamand biological parameters. Standardized
measurements will form the “backbone” to the pacti&rstudy. Standard measurements include
temperature, salinity, current velocity, oxygerm thickness, nutrients, fluorescence, and
transmissivity, and if feasible, sediment trapgrAgottom benthic sensors, and profiling sensars fo
mixed layer biochemical measurements.

Process Studies around the “Backbone” of Observat&ites, at 300 to 600 m Depth on the Shelf
Break and at the Gateways

Process studies around the “backbone” of obsenyattas, at 300 to 600 m depth on the shelf break
and at the gateways, are necessary to understarmatipling of physical forcing and ecosystem
processes associated with change. Physical, biochkiiological, and geological measurements
should be measured simultaneously during the IPMfdwide a “snapshot” of conditions, with the aim
of identifying key regions for future spatial amsfrtporal monitoring. Coordination of synoptic
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transects to provide high-resolution measuremamdgeocess studies within the transect regions are
essential within an “observatory network”. Higherphic level organisms (whales, seals, and walrus)
can be used as indicator species of ecosystens statlichange as they integrate conditions within
arctic ecosystems across a suite of ecologicaéschbng-lived marine mammals, such as belugas,
seals (e.g., ringed seal), polar bears, seabirgs (gving seaduck, frontal feeders), and Arctid that
search for prey through key spatially productivgioas should be tagged.

Paleo-oceanographic Studies in Canyons, Troughsdaver Slope Regions

Paleo-oceanographic studies are required in capyanghs, and over slope regions. Records of past
events and gateway transport should be studieccbhasvthe history of freshwater inputs and changes
in ice cover in response to sedimentation on margid in gateways. The lack of adequate site survey
data in some areas of the Arctic hampers the dpreat of drilling proposals. Good target areas for
paleo-oceanographic, climatic and tectonic studiemargins and in gateways include:

the Yermak and Morris Jesup Plateaus to evaluatétiantic inflow over time, to describe

events when glacier ice was present in the Arctiedd, and to capture the earliest glacial input
into this region;

the upper slope (east) Laptev Sea, East SiberianCmadian/Alaska Arctic margins to study the
history of sea-ice development and glaciationgntla¢ and hydrogeological processes controlling
methane release from destabilized permafrost-ag®gogas hydrate accumulations, and the
history of Pacific water influx through Bering Strand

the upper slope (west) Lincoln Sea, North Greentaadgin, Fram Strait, and Northern Barents
Sea to study the earliest glaciation of northeree@land and the history of Atlantic inflow to the
Arctic Ocean, and to evaluate variability in sea-gover through glacial cycles, paleo-
productivity, and paleo-oceanographic circulatielated to climate change (see Kristoffersen and
Mikkelsen, 2004).

Systematic Geophysical Surveys of the Continentap8s from the outer Shelf to Deep Basins

Swath-bathymetric surveys along the margins coimstihe@ present seafloor morphology at high
resolution. A prerequisite for systematic bathymeetrapping will be bathymetric data acquisition,
and the compilation and archiving of these datau@h a coordinated international infrastructure.
Seismic investigations are needed to determinerigenal limits of continental margins, to image
areas of potential slope instability, and to idigrithe nature and origin of shallow banks that nigh
have blocked water passage through gateways. Teagguired as pre-site investigations for deep
drilling at sites in gateways to obtain stratigrigpmd biostratigraphic data. Dense marine magnetic
and aeromagnetic surveys reveal the precise positibkey marine magnetic lineations and tectonic
boundaries in the vicinity of the gateways. Dethidshore geological studies will further constrain
the deformation of the continental areas flankinggateways during and since their opening.

Coupled Paleo-climate Models

Integration of the gateway development historiesluiding paleo-bathymetry, with the latest ocean
and coupled climate models will enable predictiohthe impact of these events on the earth system.
Testing these predictions would provide the bawisuture geological and ocean drilling
investigations.

Satellite Coverage focused on the Polar Region

Satellite coverage focused on the polar regiortjquéarly during IPY, then selectively during
subsequent years to place the “snapshot” measuteiném a more spatially expansive study. The
time series and process studies should be cooedingth remote sensing observations to place the
regional studies into a pan-Arctic framework.
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Modeling Effort

Modeling effort, using a variety of approaches (ggocess-specific, and coupled biophysical
regional and pan-Arctic models), is essential t@lsysize retrospective studies, to plan the “snatpsh
pan-Arctic SBE/gateway studies during IPY, andvalgate current and future scenarios of arctic
change. Modeling is necessary to understand the-sualle observations and to enable scenario
building and the prediction of climate change intpam shelf-basin and gateway exchanges.

Technological Development

Technological development is needed to incorpdratehemical sensors into the slope and gateway
mooring arrays, and to develop new physical arzktriechnology for autonomous sampling in

rapidly changing margin systems. Autonomous undemwxeehicles, as well as gliders and ice-tethered
moorings are examples of advanced technology thdtde used within a snapshot gateways and
margins study. Drilling in the ice-covered Arctica serious problem and new ship-borne drill
platforms must be developed.

Public Outreach

A public outreach component is essential. The Aiistidefined by the people who live there — their
harvestable production, resource use, and trarsmrtissues associated with ice retreat from gselv
are important societal issues. Including arcti@abitants (students to adults to elders) in scientif
discussions will engage the public in the imporéaatobserving and understanding the arctic system
and the complex factors influencing and respontiinchange.

5.4.2. Data Management

There is a need for data rescue and archiving sifrpaults related to gateway dynamics and shelf-
basin exchange in the Arctic. There is also a neelvelop a strategy to achieve this ICARP I
science plan in IPY and beyond through an intedratgernational network of data management and
portals for data submission. A data managementplast be developed that includes national and
international cooperative agreements for data ssion, access, and release, and allows free access
to data across international boundaries. Data neamegt could be approached through an
internationally agreed, web-linked “virtual electig’ data base for linking the international arctic
margin and gateways data from each country viatapege to the data housed in national data
archives. Ultimately, it will be necessary to degeh protocol for long-term archiving of marginglan
gateway data within the context of the entire arstistem, and which will require a dedicated wagkin
body across all the ICARP Il working groups. A datanagement group is under development for
IPY and this body should be consulted in relatmthe development of a coordinated data
management plan.

5.5. Linkage / Users
5.5.1. Coordination with Planning Groups

International efforts to establish time series obm®ries are already underway, comprising
oceanographic sections and moorings at the maagidgateway regions of the Arctic, together with
geophysical surveys and geological sampling/dgllitans. A circum-Arctic internationally
coordinated gateways and margins effort would m®waontinuity for scientific measurements and
international collaboration as part of the ICARPHbcess, during IPY07/08 and beyond. The work of
ongoing planning groups should be coordinated W@#RP Il planning, such as the Arctic Ocean
Sciences Board (AOSB), the International Shelf-B&sichange planning committee, the IASC
International Study of Arctic Change working grothe Arctic-Subarctic Ocean Fluxes Study efforts,
and IPY planning. The AOSB SBE planning commiteeorking to coordinate the following IPY
projects within the integrated Arctic Ocean Obsggvsystem IPY network:
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Canadian Arctic Margin Expedition (CAME) for a aimm Arctic slope study;
Chinese CHINARC Chukchi/Arctic Ocean studies;

German Synoptic Pan-Arctic Climate and Environng&oidy (SPACE);
Greenland shelf-margins study;

International Study of Arctic Change (ISAC) program

Joint Pacific Arctic Climate Study (JPACS);

Nordic Land-Shelf-Basin Interactions Study for wiagkin the Russian Arctic;
Russian Kara Sea margins project;

US-Russian-Canadian MAOSS project for studies atidtboundary current;
US-led Shelf-Basin Exchange Study (US-SBE) fordilohysical, biogeochemical and
biological measures at the shelf break;

US-led Study of Environmental Arctic Change (SEARQbgram.

5.5.2. Outreach to the Public

Circum-Arctic projects should engage coastal conitragthrough active participation in

international research projects and through eduicatiopportunities. For example, educational web-
based opportunities would bring research-base@gtoio both the near-field arctic communities and
far-field global communities, thus highlighting tAectic as a region of global interest. The changes
being observed in the arctic oceanographic andyiseems could lead to dramatic impacts for higher
trophic level fauna, including benthic-feeding aalmsuch as walrus, bearded seals, and grey whales,
and pelagic-feeding bowhead and beluga whalesatieadf cultural and subsistence significance to
Native peoples. Sea ice conditions and their efiaanarine mammals and seabirds are of particular
interest to Native peoples as they are importaditional food items. These higher trophic orgarsism
integrate and so demonstrate ecological changays that human experimentation can not.
Community-based circum-arctic studies can conteilvital information to climate change research. A
synergistic research approach that combines toaditiscience and local expertise could be the
vanguard of a pan-Arctic climate change programyiging key data to scientists and relevant
information to local inhabitants. Coordination wittarine-related aspects of ICARP 1l Science Plan 2
is important. Ultimately, the educational outreaomponent of this ICARP Il science plan could
coordinate with bodies such as the “Nordic Netwptké Canadian ArcticNET, and the University of
the Arctic.

5.5.3. Interactions with other ICARP Il Planning Groups

The integrated approach of this ICARP Il scien@pkquires an overarching approach. Strong
coordination during the planning process is exgketiéh ICARP 1l Science Plans 6 and 4. Good
coordination is necessary to address issues of-sbhaH-slope-basin transport and exchange rates of
physical, biochemical and biological products, pasrdinated investigations of opening and
subsidence within gateways and the Arctic Basivestigations of sea-ice extent and thickness,
seasonality of sea ice and melt, and the assoaihtathe in coincident seasonal biochemical and
biological processes for all marine groups sholgd be coordinated. Evaluation of coupled heat-ice-
wind connections are important to understand chanigh less sea ice there will be more flow
through the marginal seas, and coincidently moeaoic heat is likely to be transported into the
Arctic through both the Pacific and Atlantic gatgwaThe boundary current is an integrating pan-
Arctic linkage that influences heat budgets andsiegial variability of vertical heat fluxes, both
upstream and downstream of the gateways. Pale@titirextremes establish boundary conditions that
help with an understanding of the Arctic and itelia global climate change. They are relevant to
predictions of future climate change and providgets for models. Extremes include marine and
terrestrial glacial minima and maxima, sea-levelima and maxima, ice-shelf extent, paleo-
oceanographic circulation and freshwater budgééte Pectonic events, such as gateway opening and
closure, are the main drivers of climatic changethe earth history. Coordination with ICARP I
Science Plan 3 will also be important to coordirstitelies on these issues.
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points of magnitude and frequency behavior (e.g@ximum ice-sheet extent, very fast ice flow,
maximum air temperatures, rapid changes in paleawwagraphy).

5.6. Outcome / Achievements

A major outcome of this ICARP Il science plan viié a network of internationally coordinated arctic
slope and gateway transect lines, survey areassangling stations, at which standardized
measurements are undertaken; continued opportsifaiigorocess studies; and moored
instrumentation at key sites in the Arctic. An atedserving network of moored technology on the
slope region will increase understanding of sedsamdinterannual variability at the pan-Arctic ékv
Coincident regional modeling studies will allowuéts to be scaled to a pan-Arctic and ultimately
global perspective. A coordinated, sustained irt#onal network of pan-Arctic margin and gateway
measurements, interfaced with a public educationpoment, will be a lasting legacy of the ICARPII
process.

The paleo-studies will focus on data acquisitiod analyses of select projects within the arctic
gateways and margins that are critical for undadstay large time-scale paleo-climatic processes. Th
new data on the lithospheric and crustal structuhesr ages and evolution, sedimentary formations,
petrological fabrics and chemistries, as well ghiresolution bathymetry, will be integrated to
provide a basis for paleo-topographic and paleayggahical grids. Existing data sets will be
compiled and integrated with these new data. Dyoanddels will be developed to reveal the links
between tectonic evolution, sedimentary processespaleo-oceanography. For instance, modeling
will demonstrate when opening/closing of oceanwgate became effective for global paleo-
oceanographic changes, and will help understarafibipdiversity evolution. These highly resolved
spatial and temporal paleo-grids allow more aceupaleo-climatic reconstructions using earth
system models. Paleo-topographic grids will be namessible through data centers to other groups
working on global paleo-climatic processes.

A key achievement will be to develop and facilitateetwork for international research cooperation
on understanding the extent of the Pacific, Atlaraind freshwater influence in the Arctic. Additbn
outcomes would be to identify the drivers and resigos to change, and to evaluate the downstream
impacts on the arctic system, including its coninggtto the World Ocean. Internationally
coordinated margin transects and mooring emplacemiéth standardized measurements, will help
scale regional models to a pan-Arctic perspective.

5.7. Implementation

Limiting factors — people, icebreakers, functioniog camps — must be identified in order to
implement this ICARP Il science plan. Logisticshiriclude utilizing multiple-country assets, such a
ships (icebreakers and ice-strengthened shipsyaéirice camps, and satellites. Questions related
the implementation of this science plan have ba&ed, such as what are the minimum standardized
measurements needed versus those achievable afithimernational network of regional studies to
scale the regional to the pan-Arctic? There isedrte scale regional models to a pan-Arctic
perspective, and ultimately to a global level. &bigtcollected, standardized measurements willsass
in developing scenarios to evaluate the decreaise iextent, the change in ice melt/brine produnctio
and ventilation events, and ultimately the ecosystapacts of climate change.

5.7.1. Ships

Field studies will include moorings, process stadsub-bottom structural imaging, and paleo-
oceanographic coring that can be coordinated iatemally, used to validate and improve models and
their predictions of change, and to leverage orggaimd planned field operations. There is a
requirement for open-water ships, ice-strengthestiigs, and icebreaker use for pan-Arctic sections
and for gateway access into national waters byimational science projects, especially acceshdo t
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Russian EEZ by non-Russian countries since Russers cover over half the total arctic shelf and
margin area.

There is a finite limit to the availability of sade ships (icebreakers and ice-strengthened) for
scientific studies in the Arctic. Moorings (curreneters, ice-profiling sonar, CTD profilers,
biochemical sensors, marine mammal acoustic recgrtdenthic video cameras), ice-strengthened
marine geophysical survey equipment, and air sugpowork in heavy ice regions and marginal land
regions are needed. Implementing this ICARP llrsméeplan requires international logistical assets,
specifically ships (e.g., GermarRolarstern Maria S. Merian(ice strengthened); Chinxuelong
U.S.:Healy, Polar Star Nathaniel B. PalmerSwedenOden RussiaFederoy Dranitsyn Khromov
(open water); JapaMirai; CanadalLouis. S. St. LaurenfdmunsenSir Wilfrid Laurier, Henry
Larsen Norway:Lance Jan Mayen(ice-enforced); EUAurora Borealispending; FinlandAranda
(ice-strengthened); Polan@ceania(open-water to Spitsbergen)), and private iceteesator lease.
Logistical needs also include aircraft and ice/laachps for work in late winter and spring.

A pan-Arctic approach requires that these assethéieed among oceanographic and geo-scientific
projects, or at least closely linked, meaning thase cooperation is needed with national
vessel/logistic operators. FARO (Forum of ArcticsBarch Operations) is a critical body for
addressing the needs of this ICARP Il science plan.

5.7.2. Remote Sensing

Morein situ observations are needed to study the warming psdbeough spring to autumn in
marginal seas and the ice edge area. Remote seatadmfpr infrared and visible wavelengths will be
used to establish ice thickness and the extradisairbed by seawater due to thinner ice.

5.8. Funding

Many of the research objectives outlined in thisRP Il science plan are included in the planning fo
the International Study of Arctic Change (ISAC) tBU-funded DAMOCLES project, and the US-led
Study of Environmental Arctic Change (SEARCH) piagr as well as national and international
planning for IPY.

There are several potential sources of nationalifignfor this ICARP Il science plan. Canada has
committed Can$150 million to the IPY, with Chinaoado commit a substantial sum for IPY. The EU
has initiated IPY-type activities by funding the BI®CLES project. The National Science
Foundation is the lead coordinating agency withWnited States for IPY, with funding support
pending from the NSF (National Science FoundatibiASA (National Aeronautics and Space
Administration), and NOAA (National Oceanic and Atspheric Administration). The EU-funded
EUROPOLAR ERA-NET is a potential source of arragginnding. There is also a Nordic initiative
for future co-operation in arctic studies (Arctiohtiers, lead in Tromsg, Norway). In addition,
ECORD (European Consortium for Ocean Researchiigyyjlias a part of the IODP has been
developed internationally to provide mission sgegifatforms to arctic paleo-oceanographic drilling
targets.

5.9. Summary

The purpose of this ICARP Il science plan has lieexvaluate the current understanding of arctic
margins and gateways, to identify the science n&mdstudy, and to present a plan for action oker t
next five to ten years. A fundamental objectiveisinderstand how arctic margins and gateways
regulate the physical and biogeochemical procéadbe Arctic that are linked to sea-ice dynamics,
air-sea interactions, the freshwater balance, asddcated ecosystem dynamics. An “arctic snapshot
approach is presented for short-term IPY studié$, leng-term transects and moorings proposed for
an arctic observing network that is intended toease understanding of margin and gateway
dynamics and future impacts of climate warminglwse key processes.

”
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