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Sea-ice system
services & ice use

e Sea ice provides
services & hazards
to people fromthe .
global to the local o e a—— et
scale ’ s ‘

» Slow onset
— Climate regulation
— Coastal protection
— Geologic agent
— Subsistence activities

 Rapid onset
— Marine & coastal hazard

— Transportation corridor
— Platform



Sea-ice system
services & ice use

What sea-ice pro-
perties & processes
are relevant to key
ice users?

How do these relate
to sea-ice mass-
balance and climate
data variables?

What is the range of
iInterannual variability and what are
longer-term trends in ice use variables?

Focs on sea-ice use by Alaska coastal
communities



Freeze-up & first persistent ice —
Barrow region

Last day of navigation (ice chart)
Freeze-up (passive microwave sat. data)
Freeze-up (J.C. George, Barrow)
Persistent ice (J.C. George, Barrow)
Persistent ice (J.M. Leavitt, Barrow)
First shore ice (Radarsat SAR)
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Freeze-up (passive microwave sat. data)
Freeze-up (J.C. George, Barrow)
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Billy Adams, Barrow, 26 Oct 2015:

* There is a 4-6 foot berm of frozen slush that has been made naturally as the
Point is always a place where many things land to; [...] new ice and waves
have just [accumulated] slush there.

» Brown slush and young ice mixed that is what is coming in now from the north
and east. At about 1 mile there is whiter clean ice that we can see further out.
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Key collaborators & partners

i

7 R - . Weyapuk,
4 = Jr. (Wales)
j ° J. Leavitt,

B. Adams
(Barrow)

« S. John

. North Slope Borough,  (Toksook Bay)
Barrow Whaling - P.&L.
Captains Association, Apangalook Sr.
Eskimo Walrus (Gambell)
Commission, Calista
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AK Native Tribal National
Health Consortium Weather
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A database for community-based ice

observations through ELOKA support

Local Observations Exchange for Local Observations and pup

Seasonal Ice Zone Observing Knowledge of the Arctic
Network (SIZONet)

Research Methods | Public Information Add observation Logged in as Joe Leavitt

General observation information || Weather detail || Ice detail || Wildlife || Activity detail || Photos/Video
Observation ID: BARLE120301 Conditions: | Storm/blizzard v
Recorder: Joe Leavitt T —
Precipitation: | v|
Observer:  Leavitt, Joe v Skies: iCIoudy V:
, ) ' ‘ Wind speed: {Strong v
Observation Location: | Barrow v == :
: : Visibility: | Limited v |
If known, enter location in decimal degrees: Change wind dir: | v
Lat: | ' (Between 45 and 90) wind direction: ENE v
Lon: | | (Between -180 and -125) Ice fog: [J : . - :
Air temperature | is approximately ¥ | | B °C ™}
Observation date : Wind speed  is approximately v | ‘m/sec v |
Glra el Visibility [is approximately ¥ | / [ Tkm  ~|
(yyyy-mm-dd) . . :
[ Update observation ]
Observation time
v/ : v (hh:mm)

SIZONet ELOKA National Snow and Ice Data Center.

Access database at: https://eloka-arctic.org/sizonet



Status of database & associated projects

« >5000 observations from <« Wales Sea Ice Dictionary

five core communities e Sea Ice for Walrus
(Barrow, Wales, Outlook (with NWS,
Shishmaref, Toksook EWC, ARCUS)

Bay, Kwigillingok) from | \;sF\ws W-AK LCC: Ice-

2006 through 2015 coastal interaction during
« Additional observations freeze-up 2012-14 (with

from Shishmaref, Nome, ANTHC)

Shaktoolik and other - ELOKA Phase 3: Build-

communities out of database &
archive for community
use in education



Seasonal sea-ice cycle at Barrow
J. Leavitt, 2006/07

Freeze-up & ice advance
12/2/06: Land-fast 1/21/07: Land-fast ice extends 5-7
ice begins to form km out, seal hunters put in trail

11/22/06: Young ice floes
form along coast \ l

10/12/06: \

Elson Barrow / Stable

Lagoon |
and-fast
frozen 1/21-4/1/07: :
Ice

over Seal hunting on
shorefast ice <4 3/21/07:

4/1-5/25/07: Ice rubble

forms 1 km
Whalers out on
Op en the ice & in lead offshore

water 7/2-7/20/07:
sSeason Seal hunt by boat 5/24/07: Melt sets in,

. % snowmobile breaks
through thin ice
7/31/07: Last, small \ 6/4/07: Melt ponds appear
pieces of ice off town ’ f on shorefast ice

2/28/07 First 17/2/07: Shorefast ice gone  Melt & ice
barge arrives off town, first boats out retreat

2/27/07: Ice pack closes in,
first grounded ridges form




From unstructured observations to protocols

Western Alaska LCC

Fall Freeze Up Log Sheet

It is important to understand the details of how sea ice is changing along Alaska’s shorelines, and how this change affects
the coastline and coastal communities. In a small pilot project, we want to learn more about how ice, waves and wind

E I b t .
= interact with the coast during freeze-up. In particular, we are interested in observations in your community of how
nearshore ice protects or damages the coast and impacts other activities in your area. The time period we are interested in
is from the very first appearance of ice nearshore until the ice is stable and thick enough to travel on. This log sheet may

be helpful in recording such observations. Also, we are interested in photos of some of the ice features or the potential
impacts of storms, waves and ice on the coast.

on ice use, hazards, ice-

(village and specific location):
Observation

associated wildlife :

ocean ice visible in the

ocean?
First signs of other types of What type of ice
. l I I ice (floe ice, old ice)?
eve O e n O a a = Where did it come
from?

First appearance of ice How far out does
attached to the shore the shorefast ice

pase categories/fields e

protecting shore along lfonn ;x:jd{no‘w )
beach) ong did it stay in

P : e b t = b t & Sea ice with mud or sand Wh}fre_ is :h\; thd
. . in the ice? ere
e V I eW y CO n rI u O rS (dlrty ice) did the ice come
a Ice push event (ice driven '
onto the shore)
CO l I I l I l u n I y l I l e l I l e rS Ice pressure ridges forming

floating or grounded)

b= 0 N N
a0 fracturing
+ D m e | T
evelopment of specific
e I N
. on for first time
tional observations — please record on back of
protocols focusing on fall | E—————- S

Please include the Native name in Yupik or Inupiaq if that adds to the description.
We want to learn what is important to people in your community about the ice and ocean. Please include anything else you

observed about coastal ice that is interesting or important to you. You can use the reverse side of this page or additional pages.
Once freeze-up is over, please mail this page to Ms. Mette Kaufman who is part of our project at the University of Alaska
re e Z e - l | p O r L — Fairbanks (contact information below, you can also call by phone). Quyana, Quyanagpak and Quyanaghhalek! Thank you for your
help.

Contact: Mette Kaufman, Geophysical Institute, University of Alaska Fairbanks
PO Box 757320, 903 Koyukuk Drive, Fairbanks, AK 99775-7320.
mrkaufman@alaska.edu ph (907) 474-5431, fax (907) 474-7290




Seasonal sea-ice cycle at Barrow
J. Leavitt, 2013/14

11/26/13: Land-fast Freeze-up & ice advance

ice begins to form 2/4/14: Ridges 7 km out form &
11/12/13: Young ice define edge of landfast ice
floes form along coast \ 3/3/14: Open water 6-7km

10/24/13 & 11/14/13: l out; seal hunters out on ice

Ice berms formed on Q\ 3/25/14: Trailbreaking
beach, no drift ice \ for ice camps begins

10/01/13: Barrow 4 Stable
Elson 3/3/14-: land-fast

fLagoon Seal hunting on Ice
foZen shorefast ice

over
April-6/14/14:
Whalers out on
Open AP
the ice & in lead
4/29/14: Shorefast ice

water : .
season g/§a1| Z?/Jé;?e ' breaks out 150m from
shore; crews stranded

& LN

5/18/14: River & melt water

7/31/14: Ice gone,
flooding ice

up to 1.5 m swell in f

open water 7/9/14: Shorefast ice gone Melt & ice

off town retreat




Use of shorefast ice as platform

salt-free multiyear sea ice Pigaluyak —

pressure ridge Ivunigq

attached ice liguagq

pack ice Siku

young ice liguaq

George et al., 2004

tide cracks Qugagq

flat ice zone between shore and ridges Ignignaq
bottom-fast ice Tuvaqtaq

»-.v

spring ice with
melt holes
Auniq

grounded presssure ridge
Ivuniq

open lead Unig




Spring 2013 Ice Trails - Barrow, Alaska "
U, 3/ Satellite ir 3
onet.org barrow-sea-ice-trail-map

Information product -

* |nformation product for
commun |ty Of B arrow NitiohallSeience ForlndeBon  .

» Trail thickness surveys:
Grad students Dammann
& Druckenmiller, NSB-

DWM, BWCA

* Local observer logs &
nunter interviews

"? Legend
| Ice Thickness (ft)

¢ 1-3
4-5
6-7
8-10
11-15
Mass Balance Site 2013

157°0'0"W 156°45'0"W 156°30'0"W



Nuvuk

Niksiuraq

Broweryville

Barrow
Fuel/Tank

Nunavaq

M

= Napauraq

Siglukaq / Hollywood

® 2015
® 2014

@ 2008

Monument

Variability

e 2008: MY ice helps
stabilize shorefast ice

2014: Lack of MY ice
& lack of grounded
ridges in combination
with currents & pack

Ice interaction drive
major break-out

2015: Lack of MY &
modest grounding
and wide extent
Increase risk to
hunters




FueITank

¢

= Napauraq

Monument

Nuvuk

Niksiuraq

Broweryville

Barrow

Nunavaq

Siglukaq / Hollywood

® 2015
® 2014

@ 2008

Key variables

* Areal fraction &
location of grounded
pressure ridges
(pack-ice interaction,
currents/wind forcing;
MY ice fraction)

Ungrounding of
grounded pressure
ridges (atm. circ.,
ocean heat flux) &
offshore stress
components

lce roughness
“Thin” ice distribution




Trends & key conclusions (2006-2015)

 Shift in mean thickness along trail
 Longer trails > Hunters indicate
faster access &

¢ greater exposure
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Conclusions

Modal shorefast ice
thickness variable, no
significant trend

Shift in mean ice thickness
along trails

Ice stability & access to
shorefast ice decreasing

Shifts in seasonality of sea
ice reduce ice & game
access windows

Important local scale
processes: Shoreline
protection (ice berms), ice
hazards (currents)

ELOKA database as a
resource for other community

efforts

SIWO & NOAA/NWS
cooperative observer model

Combination of observers &
Instrumentation/remote
sensing to track changing ice
state & use

Ice safety & trafficability:
Trafficability model to
synthesize Indigenous
experts’ knowledge and
remote sensing data



Data at: eloka-arctic.org/sizonet
jukebox.uaf.edu/site7/seaice (Project Jukebox)
www.sizonet.org, seaice.alaska.edu/gi, aoncadis.org

Relevant publications:

* Druckenmiller & al./Eicken/Kapsch & al./Krupnik & al. (2010) SIKU book,
Springer

* Eicken et al. (2012) Sea Ice for Walrus Outlook. IPY Monograph.

* Krupnik et al. (2012) Wales Sea Ice Dictionary

* Druckenmiller et al. (2013) Ice trails. Sea Ice special issue, Polar Geogr.

* Eicken et al. (2014) Ice observations. ELOKA special issue, Polar Geogr.

* Deemer (2015) M.S. thesis, UAF

» Eerkes-Medrano et al. (submitted) Arctic




Frameworks for risk assessment

‘daud ul “|e 18 Jojjlwuayoniqg '\

(a) drift out (b) break out (c) break away

 Hazard of landfast ice break-out/away events

* Environment, people & procedures: How to guide
operations through integration of observing systems,
models, local & indigenous knowledge, and engineering



« Stability
determined by
grounded ridge
density & anchor
strength

Destabilization
driven by:
- Current stress

- Wind stress

- Pack-ice
shorefast ice
Interaction

- Bottom ablation

O 05 Break-out in
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Druckenmiller et al., Shorefast

in prep.  Fault-tree

ice failure .
. analysis as a
) framework to
Brea Break evaluate
-out -away
| ‘ hazards (M.
— Druckenmiller,
Insuff. Destabilizing :
anchor force PhD thesis
strength research)

Failure criteria

Sealevel Pack ice based on force
variations impact balances
Rough-

ness Statistics of

met-ocean
conditions &
Ice charac-

Offshore Offshore teristi
wind (E-S) current (E-S) eristics

900




Event trees to assess probability & magnitude

Wind Speed Stability = Precond. Reliability Prob. of Failure

e

Wind Rose
(March 1 - May 31, 2010)

‘ -'f__,-/ | Prailure
Y >
) 3%
8% '
27% > Prailure
36% 0.2%
Difference between water depth
45% and hypothetical ridge keel
WIND SPEED (m/s) depth (m)
B -1 - [
B ss-11.1 0 2> il
B s57-ss Peailure
B s6-57
B 2i-:6
Bl oo-21 Druckenmiller et al., in prep.



Druckenmiller et al., Shorefast
in prep.

D  Fault-tree
ice failure .
. analysis as a

Break Break framework to

geophysical

strength

-out -away evaluate
| O | hazards
Insuff. Destabilizing through
anchor force

data & local or
i _ indigenous
/Sealevel \/ Pier‘:pl)(algte \ expertise (ice

g

variations _
Rough- Impact, current
Ness
strength,
@ veering winds,
grounded

Offshore Offshore
wind (E-S) current (E-S)

ridges)




