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Reduced summer 
ice extent 
•  Increased fetch & 

solar heating of 
surface ocean 

•  Greater wave 
heights & coastal 
heat transfer 

•  Impacts on coastal 
dynamics & retreat 

•  Reductions in 
multiyear ice 
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Sea-ice services,  
hazards & ice use 

•  Sea ice provides  
important services  
that have been 
disrupted, increased 
risks from hazards &  
exposure 

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

•  Rapid onset 
–  Marine & coastal hazard 
–  Transportation corridor 
–  Platform 
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AK Ice is more mobile & highly deformed 

•  Ice speed increased 
by more than a third 
since 1990s, in AK up 
to factor two 

•  Old & deformed ice 
continues to drift into 
AK waters from higher 
Arctic 

•  Highly deformed sea 
ice is a key ice hazard 
– oil & gas exploration 
leases downstream 

Top 5%-ile of deformed ice (3 d interval), Nov- Apr, 1996-2008, Herman TC 2012/Eicken&Mahoney 2015 
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Alaska Indigenous ice experts: Changes in seasonal ice 
cycle – later freeze-up, earlier break-up, ice less stable 

Community expert observations (>5000 daily logs) 
https://eloka-arctic.org/sizonet 
 
Eicken et al., Polar Geogr., 2014; http://dx.doi.org/10.1080/1088937X.2013.873090  
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Adaptation, Loss & Damage – UN Framework 
Convention on Climate Change & COP-21  
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The Arctic System Provides Important 
Services that Benefit All Humanity 

•  With a rapidly changing Arctic environment in 
response to global and regional drivers, these 
services are changing or being disrupted 

•  As a result of such changes and disruptions, 
hazards and risks to people and ecosystems 
emerge at the local, regional and global level 

•  Tracking, responding to, and mitigating such 
threats & impacts is a challenge for the global 
community 
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International dimensions of Arctic change  
& Arctic research 

•  Arctic Council agreements 
on SAR & Spill response 
Arctic fisheries moratorium 

•  Indigenous Peoples’ 
Summit on Global Change 
& Anchorage Declaration 

•  Recent implementation of 
international agreements & 
codes by IMO, ISO & others 

•  Arctic policies in place in 
Japan, Korea & EU 

•  Economic & research 
activities by non-Arctic 
nations 

•  Research in response to Arctic 
change & Arctic system 
services as a unifying element: 
e.g., IARC-led NABOS 
program in Russian EEZ 
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Submitted to MTS/IEEE Oceans’16 Conference Proceedings 2 
TABLE I.  OBSERVING PROGRAMS IN U.S. MARITIME ARCTIC  

BY ORGANIZATION 

Fraction of organizations [%]a 
Category 2010/11 2014/15 

U.S. Federal 16 23 

State of Alaska (ex. academic) 6 3 

Local Government/Organization 3 3 

U.S. Academic 31 37 

Industry 16 7 

Foreign Nations 28 27 
a. Data from Alaska Ocean Observing System and National Oceanographic Data Center; total number of 

organizations – 2010/11: 31; 2014/15: 30 

 

reported to the Arctic Ocean Observing System (AOOS) and 
data holdings of the National Oceanographic Data Center 
(NODC). AOOS is part of the U.S. Integrated Ocean 
Observing System (IOOS) and maintains an Arctic portal that 
catalogs observing programs, assets and resulting data sets 
across the full spectrum of data providers [10], with the 
exception of some of the data sets collected by researchers 
from foreign nations. Information on the latter, as available, 
was obtained through the research cruise information and data 
holdings of the NODC, which serves as the data center of 
record for Marine Scientific Research (MSR) activities within 
the U.S. Exclusive Economic Zone (EEZ) as regulated by the 
U.S. Department of State.  

The relative proportion of different organizations carrying 
out observational programs within U.S. Arctic waters is shown 
in Table 1 for two years of our detailed analysis (2010/11 and 
2014/15, with the observing season defined as starting on Oct. 
1 and ending of Sept. 30 the subsequent year). An in-depth 
analysis shows that a majority of these programs is associated 
with long-term, sustained observations that span the range from 
research into changing Arctic marine physical and ecosystems 
(Distributed Biological Observatory, DBO [11]) to 
observations required as part of the oil and gas exploration and 
production permitting process [12]. Roughly three quarters of 
the entities involved in observations in the region are 
accounted for by U.S. academic institutions, foreign nations’ 
research entities and U.S. government agencies, with the 
remainder consisting of industry and governments or 
organizations at the local or state level. As discussed below, we 
likely did not capture the full extent of observations by foreign 
nations. U.S. entities have an interest in seeing observations 
reported within the AOOS portal and hence the number of 
unreported activities or programs is expected to be smaller for 
the latter. 

Table 2 provides a perspective on the relative proportion of 
one-off vs. multi-year programs, including the number of 
assets involved in observing programs cataloged by AOOS 
(which captures the majority of the entities shown in Table 1). 
Thus, between 2010 and 2015 a total of 5731 assets were 
deployed in U.S. Arctic waters (assumed here to include the 
Bering Strait just below the Arctic circle). On average over this 
time period 40 programs were active in the region each year, of 
which 81% were multi-year observing programs.  

TABLE II.  NUMBER OF RESEARCH PROGRAMS AND ASSETS ACQUIRING 
OBSERVATIONAL DATA IN U.S. MARITIME ARCTIC  

Year Number of programsb Number of 
assetsb 

 Multi-year 
programs 

Total 
programs  

2010 32 37 307 

2011 35 44 898 

2012 40 51 1816 

2013 36 41 1444 

2014 29 35 824 

2015 22 32 442 
b. Data from Alaska Ocean Observing System 

 

Both Table 1 and 2 appear to reflect a ramp-up and decline 
in the number of programs active and assets deployed in the 
region, peaking in 2012. While part of the increase may be due 
to incomplete capture of all relevant information by AOOS in 
the early stages of the Arctic portal, and while there is some 
underreporting of programs by non-U.S. entities, overall this 
pattern reflects observing activities associated with oil and gas 
exploration and development in the region. Thus, sales of 
Chukchi Sea oil and gas leases in the western part of the study 
area and an exploration drilling program in 2012 and 2015 
were associated with substantial research and sustained 
observation activities [12, 13]. With exploration and 
production plans terminated for these leases as of spring 2016, 
oil and gas development is confined to the Beaufort Sea with 
active oil production platforms and a Development Plan under 
review for another offshore site (as of summer 2016). The 
distribution of assets shown in Figure 1 reflects both the 
regional and temporal patterns of these activities. 

The substantial diversity of observing programs and 
organizations involved can be seen both as a strength and 
weakness in terms of keeping track of and responding to rapid 
Arctic change. The range of different goals and objectives of 
these programs poses a challenge for coordinated approaches 
that maximize return on investment and information content of 
derived data sets. The broad base of entities involved in 
observations, ranging from tribal organizations to the oil and 
gas industry, can help enhance the robustness of the entirety of 
sustained observations in the U.S. maritime Arctic and ensures 
relevance of the individual observations in different contexts, 
ranging from research to policy to operations [9, 14].  

At the same time, as our analysis of individual activities 
makes clear, a significant fraction (up to one half in some 
areas) of the sustained observations is associated with resource 
development and regulatory oversight. As a result, these 
observations are subject to the same types of boom-and-bust 
cycles as industry activities themselves [15]. Discussions at the 
AOS 2016 illustrated that both industry and federal regulators 
are struggling with the episodic nature of such observations. In 
a region that is experiencing some of the most dramatic 
environmental and ecological changes anywhere in the world 
oceans, there is particular urgency for sustained observations to 

Eicken et al. (2016) MTS/IEEE Oceans ‘16 



 Arctic Observing Summit (AOS) 2016 

•  Hosted at UAF in March 2016, jointly with Arctic Science 
Summit Week; close to 1000 participants from 30 countries 

•  Six core themes with broad stakeholder/agency participation: 
–  International and national strategies for sustained support of long-term 

Arctic observing 
–  Technology and innovation for sustained Arctic observations 
–  Contributions of the Private Sector and Industry to sustained 

Arctic observations 
–  Actor and Stakeholder engagement and needs in sustained 

Arctic observations 
–  Arctic Observations in the context of Global observing initiatives 
–  Interfacing Indigenous Knowledge, Community-based Monito-ring and 

Scientific Methods for sustained Arctic observations 



  
AOS 2016 – Conference Statement 
(selected points) 

•  Coordinating the implementation of an Arctic 
observing system that draws on existing Arctic and 
global initiatives and secure resources for sustained 
operation. 

•  Creating a strategy for international, sustained funding 
to overcome existing hurdles for globally coordinated 
Arctic research. 

•  Ensuring that the observations can be maintained 
consistently over the long term. 

•  Developing a globally connected open data and 
information system that provides value to Arctic and 
global communities. 

h"p://www.arc+cobservingsummit.org/aos-2016-conference-statement-0		



Arctic Science Ministerial Meeting 
•  28 September 2016, hosted by White House Office of 

Science & Technology, Washington, DC 
•  Arctic nations, Arctic Council Observer States, 

Indigenous Peoples groups 
•  Four themes: 

(i)  Arctic Science Challenges and their Regional and Global 
Implications 

(ii)  Strengthening and Integrating Arctic Observations and 
Data Sharing 

(iii)  Scientific Understanding to Build Regional Resilience and 
Shape Global Responses 

(iv) Arctic Science as a Vehicle for STEM Education and 
Citizen Empowerment 
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