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About this document: 
 
The North Slope Science Initiative (NSSI) was developed by local, state and federal 
governments with responsibilities for land and ocean management, to facilitate and 
improve collection and dissemination of ecosystem information pertŀƛƴƛƴƎ ǘƻ !ƭŀǎƪŀΩǎ 
North Slope region, including coastal and offshore regions.  The mission of the NSSI is to 
improve scientific and regulatory understanding of terrestrial, aquatic and marine 
ecosystems for consideration in the context of resource developments activities and 
climate change.  The vision of the NSSI is to identify those data and information needs 
management agencies will need in the future to develop management scenarios using 
the best information and mitigation to conserve the environments of the North Slope.  
The NSSI adopts a strategic framework to provide resource managers with the data and 
analyses they need to help evaluate multiple simultaneous goals and objectives related 
ǘƻ ŜŀŎƘ ŀƎŜƴŎȅΩǎ Ƴƛǎǎƛƻƴ ƻƴ ǘƘŜ bƻǊǘƘ {ƭƻǇŜΦ  ¢ƘŜ b{{L ǳǎŜǎ ŀƴŘ complements the 
information produced under other North Slope science programs, both internal and 
external.  The NSSI also facilitates information sharing among agencies, non-
governmental organizations, industry, academia, international programs and members 
of the public to increase communication and reduce redundancy among science 
programs. 
 
The NSSI was formally authorized in Section 348, Energy Policy Act of 2005 (Public Law 
109-58) with eight objectives to ensure the NSSI is conducted through a comprehensive 
science strategy and implementation plan.  Among the eight objectives in the legislation 
are the need to identify information for inventory, monitoring and research activities, 
and develop an understanding of such information for agencies, local governments and 
the public.  This document brings about a comprehensive view of NSSI membership and 
its Science Technical Advisory Panel to address broad subject areas through the 
identification of management questions and information needs over the next two 
decades, hence, Emerging Issue Summaries.  While this document addresses several 
subject areas, it is not to supplant individual agency science or management programs.  
Rather, the document can be used to validate many of the science directions already 
being addressed by some individual NSSI member agency, help share human and 
monetary resources to address needs beyond an individual agency capability and help 
set systematic direction to collectively address science needs into the future.  Likewise, 
ƛǘ ǎƘƻǳƭŘ ŀƭǎƻ ƴƻǘ ōŜ ǾƛŜǿŜŘ ŀǎ ŀ ǎǘŀǘƛŎ ŘƻŎǳƳŜƴǘΣ ōǳǘ ǊŀǘƘŜǊ ŀ άƭƛǾƛƴƎέ ŘƻŎǳƳŜƴǘ ŀǎ 
NSSI member agencies and outside organizations address needs within their own 
programs and share the results, this document can be revised to reflect needs 
addressed or modified based on the results of gained knowledge. 
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NSSI STAP  

Cover Me mo 

To:  North Slope Science Initiative Oversight Group 

Through: John Payne, Executive Director 

From:  Bill Streever, Science Technical Advisory Panel 

Date:  September 23, 2009 

Re:  Submission of 13 Emerging Issue Summaries 

The Science Technical Advisory Panel (STAP) is pleased to submit these thirteen final 

draft emerging issues summaries.   

 

As a reminder, these summaries are the result of a process that included: 

1. Identification of important emerging issue topics by the Oversight Group. 

2. Development of management questions, concerns and needs related to each 

topic by the Senior Staff Committee. 

3. Meetings of subgroups from both the STAP and the Senior Staff Committee to 

ñworkshopò each emerging issue topic into notes, and in some cases outlines 

or initial rough drafts of the emerging issue summaries.  Results from these 

subgroup meetings were then further worked by one or more members of each 

subgroup to develop a draft that could be circulated to all STAP and Senior 

Staff Committee members for comment. 

4. In all cases, draft summaries went through multiple iterations. 

5. Draft summaries were submitted to the Oversight Group for comments. 

6. Draft summaries were revised by a subset of STAP and Senior Staff 

Committee members to address comments provided by the Oversight Group. 

7. During the July STAP meeting in Deadhorse, draft summaries were revised 

once again in an attempt to ensure that Oversight Group comments were 

thoroughly addressed, that the summaries were  to some degree standardized, 

and that those present at the Deadhorse meeting were satisfied with the 

content of each summary. 

8. The summaries were finalized and approved for submission to the Oversight 

Group during the September STAP meeting in Fairbanks.   

9. Throughout the process, Denny Lassuy (Deputy Director) and Bill Streever 

managed the comments and revisions, acting as both gatekeepers and editors, 

but always with the input and approval of STAP members. 
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In addition to these thirteen summaries, an emerging issue summary on arctic fish and 

fisheries will be drafted after completion of the International Arctic Fisheries Symposium 

(October 19-21, 2009) and the annual meeting of the Alaska Chapter of the American 

Fisheries Society (November 2-6, 2009).  Another emerging issue summary on 

socioeconomic structure requested by the Oversight Group has been delayed due to 

unforeseen circumstances and will be submitted as soon as reasonably possible. 

 

The STAP understands that the Oversight Group may provide additional comments on 

these final draft summaries.  The STAP welcomes these comments and looks forward to 

finalizing the summaries based on the next round of Oversight Group comments.   

 

In reviewing these summaries, Oversight Group members are urged to bear in mind the 

following points: 

 

 At the request of the Oversight Group, each emerging issue summary begins 

with a few highlights, presents an overview and management relevance 

section, and ends with recommendations.  Beyond this, the emerging issue 

papers vary somewhat in format.  For instance, although some of the overview 

sections include a small number of citations to support specific statements, 

most do not.  Several summaries also contain the original ñquestions, concerns 

and needsò provided to the STAP by the Senior Staff Committee, while others 

do not.  Because of differences in the nature of each topic and in some cases 

the approach taken in drafting each summary, the STAP felt that minor 

differences in formatting were less important than an appropriate focus on 

content.   

 Review and revision by a professional technical writer will occur after 

incorporating the Oversight Groupôs final comments.  This review will ensure 

consistent usage, grammar, and spelling among summaries.  

 During the final revision and preparation, a representative figure may be 

added to each emerging issue summary.   

 

Individual members of the STAP have suggested that additional Emerging Issue 

Summaries may be needed.  For example, a paper on the restoration of disturbed habitat 

could provide useful guidance on a topic that is likely to become increasingly important 

in the coming years.  While time constraints prevented broad discussion of this 

suggestion during the STAP meetings, I feel compelled to bring it to the Oversight 

Groupôs attention.  I urge the Oversight Group to encourage the STAP to consider this 

and possibly other gaps in the current list of emerging issues. 

 

The STAP and Senior Staff Committee have also begun to consider a synthesis or 

ñconnectivitiesò paper, intended to summarize and link information and 

recommendations from among the emerging issues summaries.  Even a cursory review of 

the emerging issue summaries suggests connections between topics.  For example, an 

understanding of changes in climate will lead to improved understanding of changes in 

shallow permafrost, which has obvious links to changes in hydrology, lake drying, and 

land cover/vegetation change.  Similarly, many of the recommendations in each summary 
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complement one another.  As an example, the development of predictive models for 

coastal salinization will benefit from the increased precision in our understanding of 

climate change that results from an improved weather network.   

 

At least two broad recommendations appear in many of the emerging issue summaries.  

The first, improved coordination among researchers, is recommended repeatedly.  For 

example, a concerted coordination effort is needed to improve the usefulness of the many 

meteorological stations scattered across the North Slope.  Similarly, a coordination effort 

could inventory the many vegetation monitoring sites scattered across the North Slope 

and move toward development of standard methods to detect land cover/vegetation 

change.  Second, improved data management is repeatedly recommended.  Many of the 

emerging issue summaries recognize the need for centralized data management that will 

ensure data accessibility.  Both coordination and improved data management are part of 

the NSSI mission, and their frequent appearance in the emerging issue summaries 

underscores the relevance of this mission.  

 

While the STAP has provided some indication of priority within each summary by 

providing a shortlist of recommendations, the STAP has not thoroughly considered 

prioritization of recommendations between issues.  Nevertheless, it seems obvious that 

the recommendations made in the Weather and Climate emerging issue summaryðwhich 

primarily call for improved coordinationðshould be given a high priority.  Improved 

weather and climate data will be relevant to all emerging issues and can be accomplished 

relatively straightforwardly by implementing the steps outlined in the recommendations 

section of that summary.  In addition, it seems obvious that an assessment of 

development scenarios that ñbookendsò the most likely 20-year future for the North Slope 

is badly needed.  That is, an assessment that describes the rangeðfrom least to mostðof 

development scenarios likely to occur in the next 20 years is needed.  This 

recommendation appears in the Increasing Marine Activities emerging issue summary, 

but will have relevance to all emerging issues if it is extended to terrestrial settings.   

 

Lastly, on several occasions the STAP discussed recommended actions that could be 

pursued relatively easily to yield meaningful results.  One example is development of an 

inventory of long-term vegetation sites and development of a database to archive data 

from these sites.  Pursuit of recommended actions likely to yield meaningful and visible 

results in a short timeframe will add to the NSSIôs credibility and visibility.   

 

The STAP looks forward to the Oversight Groupôs comments and further direction. 

 

***  
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Emerging Issue Summary 
WEATHER AND CLIMATE 

 

Highlights:  

 North Slope weather data collection is currently ad hoc at best; a systematic 
approach to data collection, data storage, data management, data dissemination 
and equipment maintenance is critically needed for accurate assessment and 
prediction of weather and climate patterns. 

 Agencies and other entities responsible for and in need of weather data need to 
work together in a concerted effort to inventory existing weather stations, 
undertake a gap analysis, and invest in an improved, well-coordinated, and 
centrally managed (or at least coordinated) system. 

 The pressing need for improved weather data collection and management 
cannot be overemphasized.  The current state of affairs is troubling and in need 
of immediate rectification. 

 

Meteorological station on the North Slope. (Doug Kane, UAF) 
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Overview and Management Relevance: 

Weather and climate are among the most pressing environmental issues facing society 
in general.  Climate change is impacting arctic people, wildlife, and habitat while also 
affecting industrial operations.  Many of the other emerging issues are directly related 
to expected changes in the local climate.  In short, we must make substantial 
improvements in how we undertake the most essential task of understanding and 
modeling climate if we are to achieve much progress on other issues.  These 
improvements require improved weather data that will allow both downscaling of 
models and ground truthing of models.  Improved weather data will also provide 
benefits beyond their use in climate change studies, such as improved logistical planning 
for field operations. 
 
First, two definitions:  Weather is the measurable day-to-day variation in temperature, 
wind, precipitation, and so on at discrete locations.  Human activity is strongly 
influenced by the weather. The weather determines if flying will be safe and when roads 
need to be plowed. Climate is the derived long-term trend in the weather and the 
variation in average conditions over months and years on a regional basis.  Climate 
determines how many plows might need to be purchased and maintained based on the 
expected amount of snowfall and number and severity of winter blizzards. Knowledge of 
the weather is essential in human operations. Knowledge of the climate is essential in 
human planning. The two are connected in a practical way because climate data are 
derived from weather data. 
 
¢ƘŜ άǿŜŀǘƘŜǊ ǎǘŀǘƛƻƴ,έ ōŜ ƛǘ ŀ ǎƛƴƎƭŜ ǘŜƳǇŜǊŀǘǳǊŜ ǊŜŎƻǊŘƛƴƎ ŘŜǾƛŎŜ ƻǊ ŀ ŎƻƳǇƭŜȄ first-
order NOAA weather station, is the unit on which both weather and climate information 
are based. With climate warming underway, understanding both the weather and 
climate are equally important at this juncture on the North Slope. Weather and climate 
play a role in many short-term and virtually every long-term management decision on 
the North Slope.  
 
On the North Slope, there are multiple independent stations and networks recording 
the weather.  Some of the stations are part of formal national weather and climate 
networks, while others are part of small private and/or research networks (e.g., UAF 
Water and Environmental Research Center).  Since these stations have different 
purposes and funding sources, there is little to no coordination of efforts.  No single 
individual or agency knows the totality of what is in place and operating, nor who is 
operating it.  A wide range of instrumentation is employed with varying degrees of 
success.  The spacing of the existing weather networks and individual stations is the 
result of specific project-driven needs, logistical realities, and in some cases, the legacy 
of past practices (e.g., one network operated by the USGS is located at NPRA boreholes).  
Measured parameters, protocol, quality, and maintenance vary widely from station to 
station.  
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Despite a lack of information on existing weather stations and their capabilities, it is 
clear that current efforts to measure weather are not adequate.  Even if existing 
disparate networks could be integrated into a single well-operating network with 
exemplary data reporting, we would still be under-sampling the weather and climate 
conditions of the North Slope.  Moreover, the existing data cannot be found in any 
single one-stop location.  In fact, prior attempts to consolidate data from multiple 
sources have resulted in frustration and ultimately failure. 
 
Finally, the current ad hoc network includes within it ephemeral stations and ghost 
stations.  Ephemeral stations are operated by individuals or agencies that do not have 
the means for long-term continuity and are thus likely to cease operation after just a 
few years.  Ghost stations are those that were once operated, perhaps even generating 
a lengthy record, but which are no longer operating.  Ephemeral and ghost stations 
could both contribute significantly to our understanding of weather and climate change 
on the North Slope, but they are unlikely to do so in their current state.  Steps need to 
be taken to rescue data from ephemeral and ghost stations.  It is also important to 
establish a mechanism for temporarily supporting stations, systematically assessing 
their importance and developing a long-term solution to keep them operating, if 
appropriate. 
 
The result is that the meteorological data may be under-sampled in large regions and 
well-sampled in smaller areas.  The diversity of approaches requires a fair amount of 
effort to allow comparisons.  The ephemeral nature of a majority of measurements 
severely hampers the ability to derive climate information, which requires long-term, 
consistent measurements.  
 
Why is this issue so important and fundamental? A few anecdotal bullets may illustrate 
the problem: 
 

 Research or work crews try to fly into a remote location on the North Slope, but 
are forced to return because while the weather was good at the nearest weather 
station, it was bad at the remote site.  Such flights waste time and resources, but 
beyond cost concerns, these situations are potentially dangerous for the 
personnel involved.  Clearly, weather prediction for the North Slope is hampered 
by a low density of reporting sites, yet many existing sites are either not in use or 
are not known to weather prediction agencies. 

 In the face of unprecedented changes in the cryosphere, weather patterns 
across the North Slope are changing markedly.  For example, snowmelt arrives 
two weeks earlier now than it did 30 years ago.  Baselines from past years may 
thus no longer be valid as a basis from which to compare future change with 
current conditions.  
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 Agencies and industry use current weather and climate forecasts for planning 
when to start and demobilize projects.  The Alaska Department of Natural 
Resources and the BLM currently use data from a limited number of stations 
along the road system to make tundra opening and closing decisions.  Having 
greater access to real-time data from a properly designed network of weather 
stations across the North Slope would allow both industry and agencies to make 
better informed, more accurate and operationally efficient decisions. 

In short, this emerging issue of weather and climate cuts across all agencies and 
stakeholders living and working on the North Slope, and is absolutely fundamental to 
what they do.  Although existing data collection networks are inadequate, rapid and 
much-needed progress could be made with relatively little outlay in money and effort.  
This progress could serve as a shining example of the value of the NSSI. 
 
The following recommendations focus on collection of the weather measurements that 
are required to provide a credible basis for the climate change information needed to 
address several other emerging issues.  We leave the effects of climate change on 
particular issues, such as coastal erosion and sea ice, to those emerging issue 
summaries.  Various national and international research programs are conducting 
efforts to improve and downsize climate models appropriate to the North Slope region.  
These programs recognize a need to provide results on a scale appropriate to answer 
regional questions, but the quality of local and regional information to feed these efforts 
is what needs immediate attention. 

Recommendations: 

1. Inventory all of the meteorological data and stations and do not judge them 
while performing the inventory.  Other such inventories have proven useful 
and worth the time.  For example, the Western Regional Climate Center 
(WRCC) completed inventories for all National Park Service networks in the 
country (http://www.wrcc.dri.edu/nps/reports.php) that address 
measurements, consistency, maintenance, standards, QA/QC, and so on.  To 
do the meteorological data and station inventory well will require a real 
person (or persons) with the necessary time and resources to do a lot of 
detective work in the form of phone calls and site visits.  The inventory 
should include information about type of data, length of record, source of 
funding, likelihood of continued operation, annual cost, method of data 
transmission (GOES, radio, collected on visits), and so on. 

2. Determine the degree of flexibility in station design to assess whether 
modifications in design and deployment are feasible that allow the stations 
to provide more consistent data while still achieving their intended purpose. 

http://www.wrcc.dri.edu/nps/reports.php
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3. Canvas the various NSSI agencies and groups to develop a list of their needs 
for a) operational weather data, b) weather forecasting (including short- and 
long-term and local- and broad-scale wind conditions), c) climate forecasting, 
d) data to test empirical, physical and hybrid models (of natural systems and 
biota) and e) other research applications. Allow these needs to vary from 
group to group, but look for common areas within the needs. 

4. ¦ǎƛƴƎ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ŦǊƻƳ ǘƘŜ ŎŀƴǾŀǎΣ ŜƴƎŀƎŜ ƛƴ ŀ άƎŀǇέ ŀƴŀƭȅǎƛǎΥ  Where 
are new stations needed?  Gaps exist only when questions or issues are 
defined. For an example of this kind of analysis, see the work of the WRCC 
and the interagency Program for Climate, Ecosystem and Fire Applications 
that assessed the Great Basin Remote Automated Weather Stations network 
and produced criteria and recommendations for new stations to fill gaps in 
that region (http://www.cefa.dri.edu/Publications/gbreport.pdf). 

5. Determine how best to use gridded model products (such as the Oregon 
State University PRISM climatology or the North American Regional 
Reanalysis) in conjunction with station data to produce better, more spatially 
explicit weather and climate products, as well as to explore where to best 
augment future measurement networks. 

6. Collectively pool resources and begin to install new stations as identified in 
Step #4 above.  A climate network may best be built through efforts from the 
multiple groups currently collecting weather data.  This may require some 
creative management to successfully maneuver through likely controversies 
with regard to financing, operating the stations and managing the data. 

7. Explore what would constitute a nationally satisfactory way to make the data 
accessible to users with a minimum of cost and effort, and how this data 
would be integrated with existing national archiving efforts.  Be sure to 
address the issue of credit.  Every individual, group, or agency wants their 
efforts to be recognized and acknowledged.  The data should be archived and 
disseminated through an appropriate entity such as WRCC. 

8. With the weather network improvements that result from the steps 
described above, better and more reliable downscaled climate predictions 
will result.  This will then present an excellent opportunity for agencies to 
collaborate on the acquisition and use of shared forecasts that can be used 
to assess climate impacts on activities and resources within their respective 
areas of responsibility. 

We understand that some progress on Recommendations 1, 2, 4 and 7 is already being 
made under the aegis of the National Weather Service.  However, it is our belief that if 
all NSSI entities undertake these above steps with vigor and sufficient human and 

http://www.cefa.dri.edu/Publications/gbreport.pdf
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financial resources in a coordinated manner, a more complete and very positive result 
would be produced in a reasonable period.  One perhaps obvious caveat is that the 
process outlined above requires care to avoid placing too much of a time and money 
burden on the operators of the networks that are already in placeτthat is, it is 
important to avoid discouraging participation.  With this in mind, it is crucial to have 
sufficient staff to direct and implement the project. 
 

***   
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Emerging Issue Summary 
INCREASING MARINE ACTIVITIES 

 

Highlights: 
 

 

 There is an immediate need to identify the likely range of human activities (e.g., 
oil and gas development, fishing, and tourism) in the coastal and offshore waters 
ƻŦ ǘƘŜ bƻǊǘƘ {ƭƻǇŜ ƻǾŜǊ ǘƘŜ ƴŜȄǘ нл ȅŜŀǊǎΦ  ¢ƘŜ !ǊŎǘƛŎ /ƻǳƴŎƛƭΩǎ ά!ǊŎǘƛŎ aŀǊƛƴŜ 
{ƘƛǇǇƛƴƎ !ǎǎŜǎǎƳŜƴǘ нллф wŜǇƻǊǘΣέ ǘƘŜ bŀǘƛƻƴŀƭ wŜǎŜŀǊŎƘ /ƻǳƴŎƛƭΩǎ ŀǎǎŜǎǎƳŜƴǘ 
of cumulative effects from oil and gas development, and various NEPA 
documents offer reasonable starting points for the prediction of future 
scenarios. 

 

 Once plausible scenarios are understood, potential environmental effects should 
be modeled in a manner that is relevant to decision makers but also recognizes 
uncertainties inherent in development trajectories. 

 

 For many issues, a need for arctic-specific baseline information on current 
conditions (e.g., community composition, noise levels, water quality, invasive 
species) and risk assessment (e.g., for oil spills, shipping accidents, bird strikes) 
was apparent, as was the need for this information to be made accessible to the 
public (e.g., through GINA). 
 

 Because consideration of cumulative impacts will be important, effective short- 
and long-term monitoring of human activities and the physical and biological 
environments will be needed.  This monitoring will require development of 
standardized methods to make appropriate comparisons over time. 
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U.S. Coast Guard icebreaker Healy in the Arctic Ocean.  (USCG) 
 
 
Overview and Management Relevance: 
 
The NSSI Senior Staff Committee provided the STAP with questions relevant to increased 
marine activity.  These questions are specifically addressed below.  Although each 
question was addressed individually, we discussed a number of other approaches to 
organizing information contained in responses, for example: 

 type of physical, biological or social driver most affecting each question 

 nature of the questions presented by agency staff (e.g., information gap filling, 
impact assessment, or mitigation/regulation) 

 timeline of the need for the information (1-3 years, 3-10 years, and 10-20 years).   
 
No single approach was chosen, but aspects of each of these approaches are woven into 
the findings presented below in association with each question. 
 
We discussed cumulative effects as a general topic of relevance to this emerging issue 
and others and it is covered in part under Question 3.  It is worth noting that practicable 
short- and long-term monitoring that retains comparability over time will be needed in 
any approach to assessing cumulative impacts.  MMS efforts such as ANIMIDA and 
COMIDA provide good examples of affordable methods that can be consistently applied 
to produce relevant results.  Similar efforts will be needed throughout the foreseeable 
future to support any approach to assessing cumulative effects.   



Page 15 of 87 

 

 
However, the whole issue of how to assess cumulative effects is broader than North 
Slope or even Alaskan concerns.  Although cumulative effects analyses are a routine part 
of the planning process and a large literature describes various approaches to assessing 
cumulative effects, the subject continues to generate debate throughout the scientific 
and management communities, especially with regard to the cumulative effects of 
underwater sounds associated with marine activities.   
 
Any effort to assess cumulative effects should begin with a thorough understanding of 
the methodological literature on cumulative effects analyses and a thorough knowledge 
of past work assessing North Slope cumulative effects, including work associated with 
various National Environmental Policy Act (NEPA) documents as well as work 
undertaken by the National Research Council.  However, unique new ways to assess 
cumulative effects may be necessary to address North Slope issues. 
 
Finally, some of the questions from the staff were in fact not issues that warranted 
scientific or technical advice, but rather were issues that needed management action or 
legal interpretations beyond the purpose of the STAP.  The following are the {¢!tΩǎ 
responses to individual questions: 
 
1. In what ways will increased access enable increased development? 

 
In the absence of restrictive legislation, increased access likely to result from 
reduced ice cover will enable increased development and increased activity 
(including, for example, mining and additional oil and gas exploration and 
development), but the degree to which this is likely to occur is not known.  Despite 
significant challenges associated with forecasting future development trends, there 
is an immediate need to gain a basic understanding of the likely range of exploration 
and development and operational scenarios (including energy development, 
shipping, and tourism activities) in the 1-20 year timeframe.  This may be done using 
economic research techniques, perhaps including assessments of historical trends, 
surveys, interviews, and workshops, ŀƴŘ ōȅ ŘǊŀǿƛƴƎ ŦǊƻƳ ǘƘŜ !ǊŎǘƛŎ /ƻǳƴŎƛƭΩǎ ά!ǊŎǘƛŎ 
aŀǊƛƴŜ {ƘƛǇǇƛƴƎ !ǎǎŜǎǎƳŜƴǘ нллф wŜǇƻǊǘΣέ ǘƘŜ bŀǘƛƻƴŀƭ wŜǎŜŀǊŎƘ /ƻǳƴŎƛƭΩǎ 
assessment of cumulative effects from oil and gas development, and various NEPA 
documents.  Climate drivers should be a part of these considerations. The goal is to 
understand, to the extent possible, the likely future of North Slope activities so that 
research can be planned to address potential impacts in a manner that will allow 
adjustment of regulatory frameworks as appropriate to manage expected impacts.  
As an example, if shipping activity is likely to increase substantially, then research 
geared toward understanding underwater sounds associated with shipping, the 
response of marine mammals and other marine life to these sounds, and 
approaches toward assessing cumulative effects of multiple sound sources would be 
justified.  All findings would require ongoing assessment and revision as the 
economic and environmental landscapes change.  It should be noted that the North 
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Slope Borough intends to hold a workshop in 2009 to develop a quantitative 
approach to measuring cumulative effects of industrial activities on bowhead 
whales.  The results of the Arctic Marine Shipping Assessment and this cumulative 
effects workshop could be combined to suggest a way forward for research relevant 
to the management of impacts from underwater sounds associated with shipping.  

 
2. How will infrastructure expand to serve development and what may be the effect of 

this expansion? 
 
As noted above in #1, it is difficult to predict how infrastructure will expand to 
support development.  As a subset of work undertaken to understand likely future 
development and operational scenarios, more research to better understand 
methods of predicting the trajectory of economic development, including but not 
limited to oil-and-gas development, needs to be done.  That is, while work moves 
forward to better understand likely future scenarios, additional work is needed to 
understand methods of modeling and the information required to populate and 
interpret the models used to predict scenarios.  For example, some models are 
based on back-casting development patterns.  Rather than relying solely on 
historical trends, a thorough understanding of innovative options for development 
and their potential cost-effectiveness will be needed.  Understanding the effects of 
expansion will require an interdisciplinary systems analysis considering social and 
ecological factors.  In the short-termτover the next 1-to-3 yearsτthe focus needs 
to be on predictions of future scenarios and, during that same period, developing 
methods for improving predictions.  Once plausible development and operations 
scenarios are understood, then the potential environmental effects of development 
should be modeled and compared in a manner relevant to decision makers.  
LƴŦƻǊƳŀǘƛƻƴ ƴŜŜŘŜŘ ǘƻ ŦŜŜŘ ƛƴǘƻ ǘƘŜ άǇƻǘŜƴǘƛŀƭ ŜŦŦŜŎǘǎέ ƳƻŘŜƭƛƴƎ ƛƴŎƭǳŘŜǎ ƛƴŦƻǊƳŜŘ 
mapping of sensitive sites and an understanding of how these may change as the 
climate changes. 

 
3. What are, and how will we measure, the cumulative effects of increases in various 

marine activities? 
 
To best address this question for North Slope offshore issues, a clear definition of 
ǿƘŀǘ ƛǎ ƳŜŀƴǘ ōȅ άŎǳƳǳƭŀǘƛǾŜ ŜŦŦŜŎǘǎΣέ ŜǎǇŜŎƛŀƭƭȅ ƛƴ ŀ ŎƘŀƴƎƛƴƎ ŎƭƛƳŀǘŜΣ ǎƘƻǳƭŘ ōŜ 
developed, probably through a dedicated workshop with participants capable of 
considering additive effects, nonlinear effects, nested effects, and other 
subcategories of cumulative effects.  Human health and societal health should be 
explicitly considered.  In parallel with organization of a workshop to better define 
cumulative effects, an inventory is needed of the existing approaches to cumulative 
effects assessment.  Consideration of cumulative effects assessment should include 
transboundary issues (political boundaries as well as community and ecosystem 
boundaries), various development scenarios, a range of climate change scenarios, 
and interactions between offshore and terrestrial systems.  In addition to these 
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efforts, a retrospective study or studies should be done to compare predicted 
cumulative effects from past Environmental Assessments or Environmental Impact 
Statements with actual observed effects to learn from past mistakes and successes.  
Armed with a clear definition, empirical evidence, the inventory of existing 
approaches to cumulative effects, and information from retrospective studies, 
simulation models should be developed to identify situations in which cumulative 
effects are likely to be important.  These models should be interactive decision 
support tools (i.e., useful as part of an adaptive management program) and in this 
sense they will be different from (but complementary to) cumulative effects 
assessments that are legally required as part of the NEPA process.   

 
4. Baseline information is lacking for many categories of information (species, habitats, 

water quality . . .); to the extent it exists, is there adequate access to the data? 
 
Despite strong efforts undertaken by agency and industry research programs, 
environmental conditions in many areas likely to face increased marine activity in 
the coming years have been sparsely documented.  Significant regional programs of 
data acquisition on current conditions, including data on seasonal and interannual 
variability, are needed for areas likely to be affected by increased marine activities.  
Each program should establish priorities that are relevant to regulatory 
requirements and to the potential scenarios for increased activity.  In general, 
priorities are likely to include collection of climate data, marine wildlife and fish 
population dynamics data (including abundance estimates and seasonal locations of 
marine mammals, key fish species, migrating and molting sea ducks, and key 
invertebrate prey species), habitat mapping, and inventories of human use (both 
subsistence and commercial).  General species inventories may also be warranted to 
better understand the potential spread of species transported on vessel hulls and in 
ballast water.  Programs should focus on understanding both open water and ice-
covered seasonal conditions.  All entities undertaking environmental research 
potentially relevant to public agency decision-making should be required to make 
data publicly available either directly through or linked to the Geographic 
Information Network for Alaska (GINA) or comparable databases.  Existing 
information sources should also be more fully accessed and used ς for instance, 
ΨƎǊŀȅ ƭƛǘŜǊŀǘǳǊŜΩ ǊŜǇƻǊǘǎ ōȅ ŀƎŜƴŎƛŜǎ ŀƴŘ ƛƴŘǳǎǘǊȅ ǊŜǇƻǊǘǎΦ 

 
 
5. Will the spread of invasive species increase?  If so, which species and which pathways 

will be important?  How can the spread of invasive species be reduced? 
 
Although information on native species is incomplete and it is not known to what 
extent significant invasions have already occurred on the North Slope, it is apparent 
that increasing marine activity coupled with climate change will result in the 
increased introduction and spread of invasive species.  Which species are likely to be 
important invaders and which pathways are likely to be most prominent are 
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currently not well studied, although some pathways are obvious, such as shipping 
(through ballast or hull fouling) and the re-use of marine equipment from other 
locations without sufficient cleaning between uses.  Establishment of an adequate 
baseline, acceptable sampling protocols, and credible monitoring systems are 
needed.  For an Alaska marine example for baseline determination, see the work of 
the Smithsonian Environmental Research Center (SERC) done in Prince William 
Sound (available at: http://www.pwsrcac.org/docs/d0032100.pdf).  Once a baseline 
is established, research will be needed to understand risks associated with species 
invasions.  An important component of this will be to establish a cost-effective early 
detection monitoring network, for example by engaging a network of citizen 
scientists.  These immediate needs should be addressed before significant increases 
in marine activities beginτthat is, within the next one to three years.  Potential 
pathways for species introductions should be identified and inventoried, with initial 
emphasis on shipping pathways through the Northern Sea Route and Northwest 
Passage.  Once pathways are identified, species likely to be transported via these 
pathways should be identified and those species with the greatest likelihood of 
becoming established should be determined.  Methods to prevent transport of 
species will have to be prioritized on a risk basis, with the majority of effort targeting 
those species most likely to aggressively colonize new areas and those pathways 
most likely to facilitate species invasions. 

 
6. How will oil spill risk for production operations and for transport operations change 

in the coming years? 
 
Assuming that offshore development of oil and gas fields moves forward or that 
shipping activity increases, spill risk will increase.  The risk of transport spills (spills 
from vessels transporting goods, supplies, or products) may be greater than the risk 
of production spills (spills associated with oil and gas production), at least in terms of 
catastrophic (rather than chronic) spill events.  To some degree, research should 
therefore focus on transportation risk.  Recognizing that spills may include 
substances other than oil, management and related research should not be limited 
to oil spills.  Probabilities for different sizes of spills of various materials associated 
with a wide range of activities in different locations should be estimated.  
Substantial work on spill trajectories is needed, including further work to understand 
surface currents.  A standard risk assessment method should be developed.  Risk 
assessments, including those undertaken during contingency planning, should 
include consideration of spill response capacity and include consideration of 
seasonal conditions, availability of personnel and equipment, and emerging 
methods, especially during severe weather or in broken ice where response 
capability is limited at best. 

 
7. Iƻǿ ǿƛƭƭ ǘƘŜ ΨŀŎƻǳǎǘƛŎ ŜŎƻƭƻƎȅΩ ŎƘŀƴƎŜ ŀƴŘ ǿƘŀǘ ƛǎ ǘƘŜ ŎƻƳǇŀǊŀōƛƭƛǘȅ ƻŦ ǇǊƛƻǊ ǎǘǳŘƛŜǎ 

(e.g., Gulf of Mexico versus Arctic)? 
 

http://www.pwsrcac.org/docs/d0032100.pdf
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If marine activity levels increase, the anthropogenic acoustic footprint will inevitably 
increase, especially in the frequency range below 1,000 hertz.  Furthermore, as ice 
cover recedes and ice thickness decreases, ambient sound conditions will change.  
Understanding ambient sound conditions will be a necessary step toward better 
understanding potential impacts from anthropogenic sounds.  Acoustics and 
biological work done in the Gulf of Mexico and other regions has very little 
application to the acoustic ecology of the Beaufort and Chukchi Seas.  This is 
because of differences in physical conditions that affect sound transmission, in 
species that occur in the Arctic, and in the degree to which Arctic species have 
become habituated to anthropogenic sounds.  Regionally specific acoustic studies 
are needed to account for differences in oceanographic, bathymetric, and other 
environmental conditions, as well as differences in species-specific and situation-
specific responses to anthropogenic sounds.  To understand reactions to sounds 
associated with increased marine activity, behavioral studies of migrating and 
feeding marine mammals are needed.  At a minimum, long-term, year-round sound 
monitoring is needed throughout the Chukchi and Beaufort Seas to understand 
changes as development progresses and as the climate changes (which is likely to 
result in changes in ambient sound levels as a result of decreased ice cover, 
increased fetch, and perhaps increased wind speeds and precipitation).  The field of 
acoustics, perhaps more so than most other fields, suffers from the absence of 
standard methodsτeffective long-term acoustic monitoring requires development 
of standard methods.  For further information, see the Marine Mammals Emerging 
Issue Summary. 

 
8. How will shipping and other marine operations interfere with species and their 

pursuit by subsistence hunters (e.g., will whale migrations be deflected and whaling 
access thus be altered)?   
 
The degree to which increased marine activities will impact subsistence species and 
subsistence hunters depends to a large degree on the extent and nature of the 
increased marine activities and implementation of appropriate mitigation measures.  
At a minimum, increased facilities and vessel traffic will limit access to areas near the 
facilities and traffic.  Increased vessel traffic will inevitably lead to collisions with 
whales.  Regarding impacts to marine mammals important to subsistence hunters, 
currently available information from studies ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ .tΩǎ bƻǊǘƘǎǘŀǊ 
production island suggests that at least some bowhead whales respond to 
continuous anthropogenic sounds that are slightly above ambient levels by moving 
away from the sound source or changing calling behavior.  Additional data from 
studies associated with seismic shoots suggest that some bowhead whales avoid 
impulsive sounds with levels greater than about 120 dB RE 1µPA (broadband) and 
that most bowhead whales avoid impulsive sounds with levels approaching 180 dB 
RE 1µPA (broadband).  Limited data suggest that ringed seals are substantially less 
responsive to anthropogenic sound than bowhead whales.  Data on other marine 
mammal species ς including beluga whales, walrus, and the various other whales 
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and seals that occur in the Arctic ς is limited.  Very little is known about long-term 
effects of chronic exposure to anthropogenic sounds in bowhead whales and other 
species that occur in the Arctic.  In short, existing information suggests that 
unfettered increases in marine activities will eventually lead to changes in the 
behavior of some marine mammals that will reduce their availability as subsistence 
food.  Information needed to more thoroughly address the question includes: the 
current patterns of habitat use by bowhead whales (especially west of Point Barrow) 
and other species; an improved understanding of avoidance or migration deflection 
responses for most species; improved understanding of behavioral responses (such 
as changes in diving patterns in the presence of anthropogenic sound); and 
improved understanding of the chronic effects of exposure to anthropogenic sound 
that might change fecundity and growth rates.  To some degree, research on 
bowhead whales and beluga whales should be given priority in recognition of their 
apparent sensitivity to anthropogenic sound and their importance to subsistence 
hunters.  Additionally, spatially explicit quantitative research focusing on social and 
ŜŎƻƭƻƎƛŎŀƭ ƛƴǘŜǊŀŎǘƛƻƴǎ ƛǎ ƴŜŜŘŜŘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǎǳōǎƛǎǘŜƴŎŜ ǳǎŜ ǇŀǘǘŜǊƴǎΦ  ά!ƴȄƛŜǘȅ 
studieǎέ ǎƘƻǳƭŘ ōŜ ǳƴŘŜǊǘŀƪŜƴ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ƛƴŘǳǎǘǊȅ ƛƳǇŀŎǘǎ ƻƴ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ǘƘŜ 
subsistence hunting experience and way of life.  For further information, see the 
Marine Mammals Emerging Issue Summary. 

 
9. To what degree will increased marine discharges of pollutants affect water quality 

(e.g., for prey species)? 
 
The degree of impact associated with marine discharges will depend on the species 
exposed and the type, magnitude, timing, and location of discharges, as well as 
other factors.  Research should estimate risk associated with various kinds and 
quantities of discharges under various conditions, including risks to important 
subsistence species or their prey.  The research should include analyses of the 
likelihood of reaching various levels for each kind of discharge.  Emerging 
technologies that will limit or eliminate discharges should be reviewed and 
opportunities for research and development should be pursued that will limit or 
eliminate discharges and thus reduce the likelihood of reaching levels that can 
meaningfully harm the environment. 

 
10. What are the risks from the increasing presence of non-ice hardened cruise ships? 

 
The suite of risks associated with non-ice hardened ships, such as cruise ships, is 
similar to other shipping and includes oil spills, spills of other materials, invasive 
species transfers, loss of human life, capacity for response and rescue, direct and 
indirect impacts on coastal communities and coastal ecosystems, and potential 
interference with subsistence, industry, and scientific operations.  Incident 
aŀƴŀƎŜƳŜƴǘ ¢ŜŀƳ ŜȄŜǊŎƛǎŜǎ ŎƻǳƭŘ ōŜ ƳƻǳƴǘŜŘ ŀǎ ŀ άǊŜǎŜŀǊŎƘ ǘƻƻƭέ ǘƻ ōŜǘǘŜǊ 
understand the consequences of sinkings, collisions, or other accidents, and include 
the consequences for local communities, hunters, researchers, and others likely to 
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be involved in search and rescue efforts.  In addition, impacts from shipping in the 
absence of accidents should be considered, probably as a part of other impact 
studies. 

 
11. Will increased activity cause more bird strikes? 

 
Greater marine activity will increase the number of obstacles present in the near 
shore and offshore environments and will therefore increase the number of bird 
strikes.  Detailed satellite tracking studies can identify movement patterns of birds 
and yield insight on areas where collision risk might be high enough to justify 
mitigation efforts.  Bird strikes on existing structures or vessels should be monitored 
and quantified as a low-cost method of understanding the severity of the problem.  
Methods to decrease the likelihood of collisions, such as warning lights, should be 
developed and assessed, perhaps using methods siƳƛƭŀǊ ǘƻ ǘƘƻǎŜ ǳǎŜŘ ƛƴ .tΩǎ 
Northstar Avian Radar Study.  Marine mammal strikes will also increase as marine 
traffic increases (and as marine mammal populations or densities increase).  

 
12. What are the Law of the Sea implications? 

 
U.S. participation, or continued non-participation, in the United Nations Convention 
on the Law of the Sea may affect the legal framework within which marine activities 
operate, and may even have some implications for the coordination and 
implementation of arctic studies.  However, the STAP does not see this as a scientific 
or technical issue, but rather an issue best addressed by policy makers and 
attorneys. 

 
13. We will need even greater federal/state/local coordination to avoid regulatory 

uncertainty for activity management. 
 
It seems reasonable to believe that increased marine activity will lead to a need for 
greater intergovernmental coordination.  However, the STAP does not see this as a 
scientific or technical issue, but rather an issue best addressed by managers. 
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Recommendations: 
 

1. As soon as possible and as a first step to understanding potential impacts and 
management needs, the NSSI should undertake or encourage assessment of the 
likely range of development and operational scenarios in the 1-to-20 year 
timeframe. 

 
2. Once the likely range of development and operational scenarios is understood, 

environmental effects likely to be associated with these scenarios should be 
assessed. 

 
3. In areas likely to face increased development pressure, the NSSI should 

encourage continuing and new data collection efforts using standard methods.  
Methods standardization is critical to ensure comparability of data collected over 
time. 

 
4. The NSSI should promote requirements to make environmental data publicly 

available through GINA or similar databases. 
 

5. While research needs associated with future development scenarios are under 
development and standard methods are developed, the NSSI should encourage 
ongoing and new research related to contaminants, anthropogenic sounds, bird 
strikes, and similar potential impacts.  That is, neither the development of likely 
future scenarios and their associated impacts nor development of standardized 
methods for use in monitoring should be used as an excuse for deferring 
research efforts.  

 
***  
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Emerging Issue Summary 
CHANGING SEA ICE/OCEAN CONDITIONS 

Highlights: 

 Sea ice extent, type, and concentration information is available daily from the 
National Ice Center (NIC) for the North Slope adjacent ocean areas. These 
observations are derived from a suite of satellite data that, depending on cloud 
cover, varies from 200 m to 25 km in spatial resolution.  Improved resolution is 
desirable. 

 Historical ice data derived from satellites for the North Slope go back to 1979 
and are available through the National Snow and Ice Data Center (NSIDC), 
National Oceanographic Data Center (NODC), and the Canadian Ice Service (CIS). 

 Wind, wave, and ice observations for the open ocean are provided daily during 
the open water season from a combination of satellite observations and National 
Oceanic and Atmospheric Administration (NOAA) buoys; however, there is not 
the long historical record of these observations as in the case of sea ice. 

 There is an overarching need for high quality, user-friendly access to data and 
model projections for sea ice and ocean changes that are specific to local 
conditions. 

 Historic information (both remotely sensed and local traditional ecological 
knowledge) can be useful in assessing ice conditions. 

 More research is needed to understand fate and effects of oil spills in sea ice 
during freeze-up and spring melts. 

 A series of actions, beginning with a synthesis workshop, is recommended. 
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Chukchi Sea ice buckling under changing sea conditions.  (Ben and Deb Greene, NSB) 

Overview and Management Relevance: 

Changing sea ice and ocean conditions will affect marine ecosystems and resource 
access, development and management. Each potential impact presents its own unique 
set of questions and need for data acquisition and model development.  For instance, oil 
spill response requires evaluation of existing technologies as well as scenario modeling 
and risk assessment in the context of potential ice conditions.  Alaska Clean Seas (ACS) 
presently has a contingency planning process for oil spills in ice-covered waters, but 
these plans do not account for the rapidly changing ice conditions projected over the 
next decade.  In the case of sea ice as a platform for subsistence hunting, data must be 
collected in the form of traditional local knowledge as well as correlation of changing ice 
conditions with records of changing harvest locations and success.  Effects of wave 
regime on erosion patterns will depend on detailed local bathymetry.  Understanding 
the potential effects of ice melt on contaminant load requires models of ice changes and 
atmospheric models of airborne contaminants and deposition on snow and ice.  All of 
these issues share an overarching need for high quality, user-friendly access to present 
and historical data and model projections for sea ice and ocean changes specific to local 
conditions. The website for the ά{Ŝŀ Ice hǳǘƭƻƻƪέ 
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(http://www.arcus.org/search/seaiceoutlook) is a step in the right direction.  We 
understand the Alaska Ocean Observing System (AOOS) is also addressing this problem; 
NSSI-GINA personnel should coordinate their efforts with AOOS to avoid duplication. 
 
In the Arctic, much of the focus to date has been on changes in sea ice, water 
temperatures, and related water movements (currents).  However, ocean acidification 
may become increasingly important or even as important as changes in sea ice, water 
temperatures, and related water movements in the coming decades.  The importance of 
ocean acidification in the Arctic and the need for monitoring or research needs to be 
assessed.  
 
Aside from the issue of ocean acidification, the emerging issues related to sea ice and 
ocean condition all require that historic ice records be extracted and compiled in a user-
friendly form to be made available across agencies, recognizing the important 
distinctions between shore-fast and pack ice.  Some recent ice extent mapping projects 
have recognized the distinction between shore-fast and pack ice; however, the historical 
data sets typically do not make this important distinction.  Reliable satellite data exist 
since 1979.  There are also other less quantitative data sources that provide some 
information into the 1800s, including traditional and local knowledge, whaling records, 
and submarine observations.  For instance, see the work of Shapiro and Metzner (1979) 
on this topic.1 
 
The National Ice Center (NIC) provides daily estimates of sea ice cover.  According to the 
bL/Σ ά¢ƘŜ ǊŜǎƻƭǳǘƛƻƴ ƻŦ ǘƘŜ ƛƴƛǘƛŀƭ ǇǊƻŘǳŎǘ ƛǎ нр ƪƳΦ  However, this resolution is relative 
due to the nature of the shape file in GIS software.  Further, inputs to the data can range 
in resolution from 200 m to 25 km.  These inputs include RADARSAT, DMSP OLS, AVHRR, 
and QUIKSCAT. The SSM/I contour uses the NASA Team 2 algorithm and is contoured 
using the 10.1 percent value.  In the Lowgrain Ice Edge, the information is removed at a 
нΣллл ƳŜǘŜǊ ƛƴǘŜǊǾŀƭ ǘƻ ǇǊƻǾƛŘŜ ŀ ǎƳŀƭƭŜǊΣ ƳƻǊŜ ǇƻǊǘŀōƭŜ ǇǊƻŘǳŎǘΦέ  ¢ƘŜ bL/ Ƙŀǎ 
acquired data back to 2004.  Weekly ice charts similar to these dating back to the 1970s 
can be obtained from the Canadian Ice Service.  The National Snow and Ice Data Center, 
located at the University of Colorado, maintains the passive microwave data of ice 
extent dating back to 1979. 
__________________ 
1 Shapiro, L.H. and R. C. Metzner.  1979.  Historical references to ice conditions along the 
Beaufort Sea Coast of Alaska.  Environmental Assessment of the Alaskan Continental 
Shelf (OCSEAP) Annual Reports, 1979, Volume 9 (Hazards), pp. 632-682. 
Identification, evaluation, and recommendation of applicable models and nested 
models are needed for regions of interest.  Where necessary, these models will have to 
be downscaled to address specific issues and local conditions (e.g., Beaufort and 
Chukchi Seas), and produce user-friendly projections (e.g., 2, 5, 10, 20 years) that can be 
used across agencies.  There are many models available ς the task would be to identify 
which models can be downscaled to regional and local resolution and to determine how 

http://www.arcus.org/search/seaiceoutlook
http://www.natice.noaa.gov/
http://ice-glaces.ec.gc.ca/App/WsvPageDsp.cfm?Lang=eng&Inid=2&ScndLvl=no&ID=11700/
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reliable they are when applied on a local level.  Where reliable models do not exist, 
historical, hind-cast, and re-analysis of data can be used to project future trends.  
 
From these models and trend analyses, we foresee an increased ability to proceed to 
impact modeling, allowing improved predictions for things like erosion, species 
distribution, oil spill response, infrastructure needs, subsistence impacts, etc., by 
incorporating the unique variables and approaches necessary to address individual 
issues.  The models need to provide an estimate of the range of conditions of changing 
sea ice, wave regime, and open water extent to support engineering design of offshore 
and coastal land structures. 
 
Recent reconstruction of sea ice historical extent reveals that recent conditions 
represent the lowest ice extent in 800 years (Journal of Climate Dynamics). If recent 
changes in sea ice cover and increasing temperatures in the Bering Sea persist, they will 
have profound effects on marine communities. Development and maintenance of a 
database of the spatial extent and characteristics of sea ice as well as indices of timing 
and extent of the spring bloom is a high priority. 
 
Many of the emerging issues are interrelated. To foster a system science approach that 
would provide information needed for design and management to support NSSI 
stakeholders, a series of Synthesis/System workshops is needed to bring together 
scientists and agencies across disciplines under the umbrella of NSSI, allowing 
consideration of whole systems as they relate to sea ice. 
 
The success of these endeavors will depend on a strong commitment to sustainable 
long-term monitoring. 

Recommendations: 

1. Assess the importance of ocean acidification in the Arctic and the need for 
monitoring and related research.  

2. Conduct under NSSI sponsorship a series of interdisciplinary synthesis/system 
workshops to discuss specific emerging issues and their relationship to sea ice. 

3. Continue the research needed to better understand ice fate and effects of oil 
spills in sea ice during fall freeze up and spring melt. 

4. Task NSSI-GINA to compile North Slope relevant data from NIC, NSIDC, NODC, 
and MMS information on sea ice and open ocean conditions.  Put these data in a 
format that is user-friendly, accessible, and can be easily visualized. 

5. Based on synthesis meetings, identify additional model needs and output 
locations, time scale, and spatial resolution of relevance to North Slope users.  
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Candidate models then need to be evaluated and an appropriate model(s) 
recommended. 

6. Use the selected models to make 2-, 5-, 10-, and 20-year projections of changes 
in sea ice and, to the extent that it is possible, biological communities. 

7. In the absence of appropriate models, use historical data and other means to 
create retrospective hind casting relevant to North Slope users.  This should be 
done in parallel to the modeling effort. 

8. The sea ice and wave climate predictions resulting from the modeling effort 
should then be coupled with specific impact models such as ocean circulation, 
changing food web, contaminant transport, shore erosion, anthropogenic near-
shore operations, habitats, oil spill response, and subsistence hunting. 

 

***   
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Emerging Issue Summary 
PERMAFROST 

Highlights: 

 Existing data and current techniques for permafrost measurement are not yet 
sufficient to address most management concerns. 

 Active layer depth and subsidence, and their relation to threshold conditions in 
the active layer-permafrost system, may be of more immediate importance to 
land managers than broad permafrost conditions. 

 All relevant data should be centralized in an accessible location. 

 Combining ground observations with remote sensing techniques may hold some 
promise.  For instance, combining Synthetic Aperture Radar (SAR) with active 
layer monitoring results may lead to improved understanding of permafrost 
dynamics relevant to land managers. 

 

Permafrost degradation on the North Slope. (Ken Dunton, University of Texas) 


