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Sea-ice system  
services & ice use 

•  Sea ice provides  
services & hazards 
to people from the  
global to the local 
scale 

•  Slow onset 
–  Climate regulation 
–  Coastal protection 
–  Geologic agent 
–  Subsistence activities 

•  Rapid onset 
–  Marine & coastal hazard 
–  Transportation corridor 
–  Platform 

C. Nayokpuk, Shishmaref 

Masterson 



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 
interannual variability and what are 
longer-term trends in ice use variables?  

•  Focs on sea-ice use by Alaska coastal 
communities  

C. Nayokpuk, Shishmaref 

Masterson 



Freeze-up & first persistent ice –  
Barrow region 



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. 



Chukchi 
Sea 

Beaufort 
Sea 

SIZONet – US/Canada sector 
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Indigenous Sea Ice Observations Accessible 
Through an Online Database   

Figure 1. Online sea ice observations database. Screen shot of the search results page

Inupiaq and Yupik sea ice experts and hunters have been  collaborating with academic researchers since 2006 providing 
observations of local sea ice and weather conditions, subsistence activities and emerging hazards related to changes they 
are seeing in their environment. These observations are made available to the participating communities, researchers, 
other stakeholders and to the public through an online database created through a partnership between the Exchange for 
Local Observations and Knowledge of the Arctic (ELOKA) and the University of Alaska Fairbanks Sea Ice Zone Observing 
Network (SIZONet) project. Data are archived at the National Snow and Ice Data Center (NSIDC).

The database features multiple levels of access, from limited access for public users to secure, password protected full 
access for communities and other registered users. Public users must agree to terms of use before accessing the data. The 
data are searchable through the web interface and users can quickly identify records containing information of interest. 
Main observational categories include sea ice and weather conditions, yearly ice cycle changes, sea ice use for hunting and 
traveling, game and wildlife sightings and ice-associated hazards.

We gratefully acknowledge the efforts of many local ice observers,  the  hard  work  and  vision  of  the  Barrow  school  teachers  and  administrators,  the  support  of  the  Barrow  Mayor’s  office for sea ice field trip 
funding, as well as support by the National Science Foundation (Award# 0856867) . Visit online: sizonet.org & www.seaice.alaska.edu/gi & eloka-arctic.org/projects/sizonet.html. 

Figure 2. The SIZONet vocabulary service (a) provides a service interface to the many terms that are 
used tocharacterize the observations. A service request (b) is made using a URL and the familiar http 
web protocol. Based on this request, the vocabulary provides a response (c) such as a listing of ice 
feature terms. The response is provided in JavaScript Object Notation, a popular format with web 
developers. A human user (d) would typically access the application with the web interface.

Annual sea ice cycle in Gambell, Wales and Barrow, Alaska

Figure 3. Seasonal cycle of sea ice and related activities. Derived from local sea-ice observations at Gambell, Wales, 
and Barrow for the ice season 2006/07.

New Database Functionality: A Web Service Interface

Collaboration with the North Star Borough School District

Communities across the Arctic are interested in knowing about the environmental changes other 
regions are reporting. Here, the timing of freeze-up, break-up and various activities are 
compared between communities from south to north. This is one example of how change can be 
tracked over time to show trends such as shorter ice travel seasons or shifts in specific 
subsistence activities.

During interviews residents of Barrow, AK stated that they were impressed with the content and 
of the observations and the accessibility of the database but they repeatedly pointed out that 
the geographic coverage was limited along the northern coast of Alaska. They said recruiting 
additional communities to take part in the observations program would improve the utility of the 
database to meet their information needs. In an attempt to broaden community participation, 
teachers in Barrow are talking with teachers in other North Slope Borough communities to gage 
interest in participating in the observations program.

To enhance the usefulness of the SIZONet database a web service interface has been recently added to the 
application (Figure x). In formal terms, a web service can be defined as a software system designed to 
support interoperable machine-to-machine interaction over a network. In practical terms, the web service 
allows a user (individual or another computer) to access data in the SIZONet database using a command in 
the format of a web address. This request includes a server component and an element that defines the 
vocabulary information that the user needs. For example, this request provides a general response 
that includes all terms related to ice: 

https://eloka-arctic.org/sizonet/ice

The response includes sets of terms encoded in a popular web programming format (JSON):

{"Ice":
[
{"IceFeature":["Multiyear ice as part of shorefast ice","High water/Overflow","Crack","Pond(s) of open 
water",...,"Ice extension"]},
{"IceEvent":["Appearance of multiyear ice","Ice ridging event","Ice rafting event",...,"Ice extension broke 
off"]}
,{"IceDirection":["N","NNE","NE","ENE",..."NNW"]},

The vocabulary service allows software developers who have log in access to the database to access the 
vocabularies contained in the database. The first use of this service has been to enable the Arctic Data 
Explorer (http://nsidc.org/acadis/search/) to provide enhanced search capabilities. The metadata for the 
SIZONet application contained within the Arctic Data Explorer will be dynamically updated using the 
vocabulary service. This will ensure that users will be provided with the most complete and up-to-date 
characterization of the data possible. To access the SIZONet observation data requires that a user 
access the main web interface, however the vocabulary service combined with a search engine like 
the Arctic Data Explorer significantly improves a users ability to evaluate the database.

In 2014 middle and high school teachers in Barrow, AK collaborated with the SIZONet project to develop sea 
ice-based science curricula. Three units were developed and taught during the school year in seven science 
classes in Eben Hobson Middle School and a Student Sea Ice Observations Database (SIOD) was undertaken 
as a pilot project in Barrow High School. 

The 8th grade sea ice curricula culminated in a field trip to the sea ice on the Barrow coast to observe, 
sample and learn about the ice environment from local Indigenous experts and researchers from the Barrow 
community, the University of Alaska Fairbanks and Antioch University New England.   

Students learned about breaking trail, safely navigating sea ice for travel and hunting and building shelters 
with ice blocks. They used field instruments to measure and record wind speed and temperature and they 
listened to whales and bearded seals calling under the ice through a hydrophone. In addition, they drilled ice 
cores and processed them to investigate further the animals that call the ice home and generally became 
more comfortable spending time on the ice  in  their  ‘backyard’.

In the days following the field trip students used microscopes to view the organisms that make up the ice-
based food web and entered all of their data into the SCIOD database. Early student and teacher 
feedback shows that this kind of place-based learning greatly improves student engagement. 
This  year’s    7th grade class is already excited and anticipating their participation next year.

Winton Weyapuk, Jr. 

Billy Adams 

Joe Leavitt 

•  North Slope Borough, 
Barrow Whaling 
Captains Association, 
Eskimo Walrus 
Commission, Calista 
Elders Council 

•  AK Native Tribal 
Health Consortium 

•  ELOKA, ARCUS 
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A database for community-based ice 
observations through ELOKA support 

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



Status of database & associated projects 

•  >5000 observations from 
five core communities 
(Barrow, Wales, 
Shishmaref, Toksook 
Bay, Kwigillingok) from 
2006 through 2015 

•  Additional observations 
from Shishmaref, Nome, 
Shaktoolik and other 
communities 

•  Wales Sea Ice Dictionary 
•  Sea Ice for Walrus 

Outlook (with NWS, 
EWC, ARCUS) 

•  USFWS W-AK LCC: Ice-
coastal interaction during 
freeze-up 2012-14 (with 
ANTHC) 

•  ELOKA Phase 3: Build-
out of database & 
archive for community 
use in education 

9 



Seasonal sea-ice cycle at Barrow  
J. Leavitt, 2006/07 
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From unstructured observations to protocols 

•  Early observations 
unstructured with focus 
on ice use, hazards, ice-
associated wildlife 

•  Development of data-
base categories/fields  

•  Review by contributors & 
community members 

•  Development of specific 
protocols focusing on fall 
freeze-up for W-AK-LCC 



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

12 
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Use of shorefast ice as platform 

George et al., 2004 



Information product 
•  Information product for 

community of Barrow 
•  Trail thickness surveys: 

Grad students Dammann 
& Druckenmiller, NSB-
DWM,  BWCA 

•  Local observer logs & 
hunter interviews 



 Variability 
•  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  



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 

•  Ice roughness 
•  “Thin” ice distribution 



Trends & key conclusions (2006-2015) 

1 1.5 2 2.5 3 3.5
0

5

10

15

20

25

Average ice thickness along trail (m)

D
is

ta
nc

e 
fro

m
 tr

ai
l e

nd
 to

 v
illa

ge
 c

en
te

r (
km

)

 

 
data 1
   linear
data 2
data 3
data 4
data 5
data 6
data 7
data 8
data 9

2015
2014
2013
2012
2011
2010
2009
2008

• Shift in mean thickness along trail 
• Longer trails à Hunters indicate 

         faster access & 
         greater exposure 



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 

•  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  

M
. D

ruckenm
iller et al., in prep. 



•  Stability 
determined by 
grounded ridge 
density & anchor 
strength 

•  Destabilization 
driven by: 
- Current stress 
- Wind stress 
- Pack-ice     
  shorefast ice  
  interaction 
- Bottom ablation 
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Figure 3.8.  Oceanographic conditions for March 2010.  a) Water temperature 

measured at the Mass Balance Site.  b) Seaward/Shoreward current velocity 

(positive is onshore).  c)  Alongshore current velocity (positive is to the Northeast).  

d)  Estimated stress on landfast ice with drag coefficient, cw, as 0.0175 (blackline), 

and ranging from 0.00780 to 0.0200 (green lines; Reynolds et al., 1985; McPhee 

1979).  

a

b

c

d

Date

(°
C

) Break-out in  
March 2010 
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Shorefast 
ice failure 

Break
-away 

Insuff. 
anchor 
strength 

Destabilizing 
force 

Offshore 
wind (E-S) 

Offshore 
current (E-S) 

ucurr uwind 

Break
-out 

Rough-
ness 

SFI 
extent Sealevel 

variations 
Pack ice 
impact 

OR 

AND 

•  Fault-tree 
analysis as a 
framework to 
evaluate 
hazards (M. 
Druckenmiller, 
PhD thesis 
research) 

•  Failure criteria 
based on force 
balances 

•  Statistics of 
met-ocean 
conditions & 
ice charac-
teristics 

Druckenmiller et al., 
in prep.  



Wind Speed Prob. of Failure Precond. Stability 

W1:	  low	  

0.30	  

Offshore	  wind	  

0.30	  

W3:	  high	  

0.30	  

W2:	  med	  

0.40	  

Med	  SOW	  

0.80	  

Precond.	  
0.50	  

Low	  SOW	  

0.10	  

No	  Precond.	  
0.50	  

Failure	  
0.90	  

Failure	  
0.05	  

Reliability 

pFailure	  
3%	  

pFailure	  
0.2%	  

… 

… 

High	  SOW	  

0.10	  

… 

… 

PFailure	  

Event trees to assess probability & magnitude 

Druckenmiller et al., in prep.  








Figure 4.13
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breakout.  This would indicate that 

shortening of the ridge keels and 

subsequent lifting off the sea floor 

could not have been a factor.  Since the 

sea level was dropping up until the 

time of the breakout, the anchoring 

strength would have been increasing.  

This also means that the flexural and 

tensile strength of the ice beyond the 

post breakout ice edge could be 

compromised.  Based on the grounding 

strength estimation of ~70000 kN, the 

combined wind and current stresses, 

~75 kN/m was enough to overcome the 

grounding strength of the ice cover.

 The winds were coming from 

the East/Northeast for nearly the entire 

week before the breakout at various 

magnitudes, although peaking at the 

time of the breakout.  The currents under the ice involved in the breakout were to the 

Northeast nearly the entire week before the breakout, except for two short periods of 

relatively weak southwest currents.  Shortly before the breakout, the currents reversed to 

be moving to the Southwest and were gaining strength such that the ice that broke-out 

experienced the 

strongest current forcing to the Southwest at the time of the breakout.  Water temperature 

also increased slightly before the breakout, and continued to do so afterwards, which may 

have resulted in weakening of frozen block contacts in the ridge keel despite increasing 

grounding strength.  

64

Figure 3.9.  Map of possible areas of 

grounded ridges before March 2010 

breakout.   Hypothetical keel depths are 

estimated from divergence calculations.  

Darker grid cells represent more heavily 

grounded areas. Red lines are bathymetric 

contours at 10 m intervals extending from 

the coast (green).  Blue line indicates 

landfast ice edge before the breakout; 

yellow line after the breakout.
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OR 

AND 

•  Fault-tree 
analysis as a 
framework to 
evaluate 
hazards 
through 
geophysical 
data & local or 
indigenous 
expertise (ice 
impact, current 
strength, 
veering winds, 
grounded 
ridges)  

Druckenmiller et al., 
in prep.  


