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Presenter
Presentation Notes
This presentation provides a summary of a scenario planning workshp held in April 2011, in the context of the larger three-year multi-partner NPS-funded project entitled “Climate Change Planning in Alaska’s National Parks”.
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Part I:
General Background
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Presenter
Presentation Notes
This workshop was the second regional workshop in the project.  The first focused on the Southwest Alaska Inventory and Monitoring Network (SWAN) and took place in February 2011.  Project leaders also took part in a training workshop led by Global Business Network (GBN) in August 2010.  At this training, GBN offered hands-on training in the scenarios planning methods used in this project.



Overall Project Summary

 Changing climatic conditions are rapidly impacting 
environmental, social, and economic conditions in and 
around National Park System areas in Alaska. 

 Alaska park managers need to better understand possible 
climate change trends in order to better manage Arctic, 
subarctic, and coastal ecosystems and human uses. 

 NPS and the University of Alaska’s Scenarios Network for 
Alaska Planning (UAF-SNAP) are collaborating on a three-
year project that will help Alaska NPS managers, cooperating 
personnel, and key stakeholders to develop plausible climate 
change scenarios for all NPS areas in Alaska.  
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Presentation Notes
With over 50 million acres of parklands to administer, NPS Alaska park managers need to prepare for impending changes to make informed decisions with least regrets for future outcomes. This preparation must include full participation from the widest possible range of stakeholders, including on-the-ground experts such as yourselves, who know the challenges and conditions in these parks, and who can thus help create useful, credible scenarios for future conditions and future management.Final products will include climate change scenario planning exercises and reports for all the NPS units in Alaska, with efforts organized around each of the four inventory and monitoring (I&M) networks. The first stage in this project was a climate change scenarios training workshop with NPS contractor Global Business Network (GBN) at which participants learned how to develop scenarios based on nested framework of critical uncertainties, and then fleshed out the beginnings of climate change scenarios for two pilot parks.  This presentation provides detail on one of these pilot efforts.  The workshop was facilitated and led by Jonathan Star of GBN. 
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Presentation Notes
As a reminder, these are all the NPS lands in Alaska.  For inventory and monitoring purposes, these parks are divided into networks.  Parks in each network have some commonalities due to geography and proximity, but they also have many differences in terms of both physical and social/management attributes.



Cape Krustenstern

 114 well- preserved beach ridges located 
adjacent to Krusenstern Lagoon 

 Lagoons open and close seasonally according 
to the movements of barrier spits and islands

 9,000 years of prehistoric human use

 The Red Dog Mine, the largest zinc mine in 
the world, northeast of Cape Krusenstern

 Soils are underlain by continuous permafrost

 Moist to wet tundra with some boreal spruce

 Marine mammals, terrestrial mammals, 
birds and fish abound, including Western 
Artic Caribou herd + muskoxen

Presenter
Presentation Notes
The workshop focused not only on the parks themselves, but also on the surrounding regions and communities



Bering Land Bridge

 Home to Inupiat 

 Link to the past of Beringia

 More than 400 species of plants --
many evolved in ancient Beringia 
and spread into Asia or North 
America

 More than 170 known species of 
birds migrate 20,000 miles yearly to 
Bering Land Bridge National 
Preserve

 Archaeological remains dated to 
9000 years ago

Presenter
Presentation Notes
Bering Land Bridge and Cape Krustenstern have many similarities, which made comparisons across park boundaries and across surrounding regions easier than for some other park networks.



Workshop Attendees
[Note that some additional invited participants were unable to attend, but are still engaged in the effort]
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Presentation Notes
Participants included NPS staff from the Anchorage office and from the region in question.  University participants served as facilitators and note takers.  Participants from communities and other agencies helped to balance the perspective.  Because of the time commitment and travel involved, not all invited participants were able to take part. Project leaders hope to include more local participation at future workshops.



SNAP: Scenarios Network for Alaska Planning

What is most important to Alaskans 
and other Arctic partners?
 What changes are most likely?
 What changes will have the greatest 

impact?
 What are we best able to predict?
 How can we adapt to those changes?

Scenarios are linked to SNAP 
models
 Climate models 
 Models of how people use land and 

resources
 Other models linked to climate and 

human behavior
www.snap.uaf.edu
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Presentation Notes
SNAP is serving as a co-lead and facilitator with NPS on this project.  SNAP is a collaborative organization linking the University of Alaska, state, federal, and local agencies, and NGOs. SNAP’s mission is to provide timely access to management-relevant scenarios of future conditions in Alaska and the Arctic. Alaska is undergoing rapid changes in climate, human population and demands on natural resources. Future planning that accounts for these changes can reduce costs and liabilities.SNAP’s primary services and products include:--Maps and projections of future conditions--Objective interpretations of projected scenarios, including ramifications for management decisions--Detailed explanations of the assumptions, models, and methods, and uncertainties associated with projectionsDetails are available from SNAP via www.snap.uaf.edu, or by contacting SNAP Network Coordinator Nancy Fresco at 907-474-2405 nlfresco@alaska.edu



Climate Change Science

http://geology.com/news/la
bels/Global-Warming.html
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 Measurements
 Average yearly temperatures 

 Precipitation

 Atmospheric gases

 Global Circulation Models 
(GCMs)
 Complex coupled models created by 

national and international labs

 Interactions of oceans, atmosphere, 
and radiation balance

Presenter
Presentation Notes
In order to discuss climate change modeling, it is important to always include a detailed analysis of uncertainty. Climate change involves trends over time that are somewhat predictable, but these trends are overlain by natural variability.  This will be discussed in later slides.



Global Climate Change: the bottom line: 

 There is now unequivocal scientific evidence that our planet is warming 

 How this warming will affect climate systems around the globe is an 
enormously complex question

 Uncertainty and variability are inevitable

 Climate change presents significant risks to natural and cultural resources

 Understanding how to address uncertainty is an important part of climate 
change planning 

http://earthobservatory.nasa.gov/Features/GlobalWarming/

Presenter
Presentation Notes
Alaska is at the cutting edge of climate change scenario planning because the effects are being felt earlier and with greater severity here.  Our planning process can help guide similar efforts in other parts of the country and other parts of the world.



Climate Change in Alaska: the bottom line

 Change is happening, and will 
continue for decades regardless 
of mitigation efforts.

 Key tipping points may be 
crossed, e.g fire, permafrost, sea 
ice, biome shift, glacial loss.

 High uncertainty results in 
divergent possible futures for 
many important variables.

www.nenananewslink.com

alaskarenewableenergy.org

Presenter
Presentation Notes
Directional change is easier to project than sudden change engendered by crossing a tipping point.  



Webinar#1
March 30, 2011

 Introducing the basic concepts of scenarios 
planning, as outlined by GBN; 

 Outlining the data and resources available through 
SNAP and other sources; 

 Underscoring the general importance of planning 
for climate change; 

 Reviewing the case studies from the August 2010 
meeting, including all decision-making processes 
and generation of intermediate steps and results.
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Presentation Notes
Three webinars preceded the workshop.  They were intended to introduce participants to the project goals, the process of scenario planning, and the specific drivers of change and local effects for the region in question.  The readings for each webinar are a crucial component of the learning process.  Because project leaders know that everyone’s time is limited, these assignments were kept to the bare minimum.  However, participants were encouraged to read further in the longer texts, and to explore many of the documents and links on SNAP’s website.  



Webinar#2
April 6, 2011

 Reminder of the role of climate drivers in the 
scenarios planning process

 Overview of climate drivers for the Southwest Alaska 
park network

 Discussion of a climate drivers table generated by 
John Walsh and Nancy Fresco

 “Homework” assignments
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Presenter
Presentation Notes
“Climate drivers” refers to aspects of climate change that are likely to strongly influence future conditions in Northwest Alaska.



Webinar#3
April 13, 2011

 Climate effects presentation by Bob Winfree

 Group discussion of climate effects table
 Individual input

 Drivers grouped by category

 Differences in opinion

 Variations between parks
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Presenter
Presentation Notes
“Climate effects” refers to the specific changes to the landscape, resources, and human uses that may occur as a result of changing climate.



Readings (pt. 1)

 The Art of the Long View, emphasis on first 4 pages 
(pp. 3-6); User’s Guide (pp. 227-239); and Appendix 
(pp.241-248).  These can all be read for free on 
Amazon at http://www.amazon.com/Art-Long-
View-Planning-Uncertain/dp/0385267320

in the page previews (“Click to Look Inside”)

 SNAP one-page fact sheet (Tools for Planners) and 
link to website for optional browsing.  

 Detailed notes from the August meeting. 
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Presenter
Presentation Notes
These readings were provided as additional background material to bolster the information being provided in the webinars.  The Art of the Long View is a detailed text on the history and methods behind BGN’s scenario planning process.  The August meeting was the GBN training in these methods.

http://www.amazon.com/Art-Long-View-Planning-Uncertain/dp/0385267320�
http://www.amazon.com/Art-Long-View-Planning-Uncertain/dp/0385267320�


Readings (pt. 2)

 Maritime and Transitional Talking Points, entire 
document, online at
http://www.snap.uaf.edu/webshared/Nancy%20Fresco/
NPS/Webinar%202%20SWAN/

 Beyond Naturalness by David N. Cole and Laurie Yung
entire book, but with a focus on pp. 31-33.  This section is 
available for preview on Google Books. 
http://books.google.com/books?id=gfErgkCy0HkC&prin
tsec=frontcover&cd=1&source=gbs_ViewAPI#v=onepag
e&q&f=false

 Southwest Alaska Climate Drivers table online at
http://www.snap.uaf.edu/webshared/Nancy%20Fresco/
NPS/Webinar%202%20SWAN/
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Presentation Notes
Maritime and Transitional Talking Points is a detailed document put together by NPS.  It describes potential climate change effects for this region, grouped by level of certainty and by affected sector.  Beyond Naturalness explores questions of park management and mandates in a changing environment.  The climate drivers table was created by SNAP scientists, but input from all participants was welcomed.

http://www.snap.uaf.edu/webshared/Nancy Fresco/NPS/Webinar 2 SWAN/�
http://www.snap.uaf.edu/webshared/Nancy Fresco/NPS/Webinar 2 SWAN/�
http://books.google.com/books?id=gfErgkCy0HkC&printsec=frontcover&cd=1&source=gbs_ViewAPI�
http://books.google.com/books?id=gfErgkCy0HkC&printsec=frontcover&cd=1&source=gbs_ViewAPI�
http://books.google.com/books?id=gfErgkCy0HkC&printsec=frontcover&cd=1&source=gbs_ViewAPI�
http://www.snap.uaf.edu/webshared/Nancy Fresco/NPS/Webinar 2 SWAN/�
http://www.snap.uaf.edu/webshared/Nancy Fresco/NPS/Webinar 2 SWAN/�


SNA P METHODS

SNA P DA TA

SNA P MA PS

NPS TA LKING POINTS PA PERS

CLIM A TE DRIVERS 

CLIM A TE EFFECTS

Part II:
Data and Information Sources

(introduced during webinars)
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Presenter
Presentation Notes
Data came from SNAP models, from published resources, and from project participants.  Discussion and new inputs were welcomed at all stages.



SNAP projections based on IPCC models

 Calculated concurrence of 15 models 
with data for 1958-2000 for surface 
air temperature, air pressure at sea 
level, and precipitation

 Used root-mean-square error
(RMSE) evaluation to select the 
5 models that performed best for 
Alaska, 60-90°N, and 20-90°N 
latitude.

 A1B, B1 and A2 emissions scenarios
 Downscaled coarse GCM data to 2km 

using PRISM
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Presentation Notes
SNAP assessed of all the global climate models utilized in the most recent 4th assessment report of the IPCC (Intergovernmental Panel on Climate Change).  The assessment process allowed us to identify the 5 models that work best in Alaska, the Arctic, and the Northern Hemisphere.  SNAP then focused on the 3 primary emission scenarios (B1, A1B, and A2) for each of the 5 best models, and downscaled the model output to 2km resolution in order to provide data relevant to management and policy.Details can be found at www.snap.uaf.edu



Emission Scenarios
IPCC Special Report on Emissions Scenarios (2000)

Presenter
Presentation Notes
SNAP uses data from the A1B, A2, and B1 emissions scenarios, thus modeling a wide range of possible futures.  The A2 scenarios are of a more divided world. The A2 family of scenarios is characterized by:A world of independently operating, self-reliant nations.Continuously increasing population.Regionally oriented economic development.Slower and more fragmented technological changes and improvements to per capita income.The A1B scenario is of a more integrated world characterized by:Rapid economic growth.A global population that reaches 9 billion in 2050 and then gradually declines.The quick spread of new and efficient technologies.A convergent world - income and way of life converge between regions. Extensive social and cultural interactions worldwide.A balanced emphasis on all energy sources.The B1 scenarios are of a world more integrated, and more ecologically friendly. The B1 scenarios are characterized by:Rapid economic growth as in A1, but with rapid changes towards a service and information economy.Population rising to 9 billion in 2050 and then declining as in A1.Reductions in material intensity and the introduction of clean and resource efficient technologies.An emphasis on global solutions to economic, social and environmental stability.



0.5 x 0.5 degrees to 2 x 2 km

GCM output (ECHAM5)
Figure 1A from Frankenberg st al., Science, Sept. 11, 
2009

CRU data and 
SNAP outputs 
after PRISM 
downscaling

Benefits of downscaling
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Presentation Notes
Here is an example of the need to downscale the climate data to management and policy relevant scales.The top map shows the resolution provided by global models.  On the left we have historical spatially explicit observational data from the Climate Research Unit (CRU) in the UK at 0.5 x 0.5 degree resolution.  This is actually fine resolution relative to the GCM data, which operates at very coarse scales of 1 to 5 degree pixel resolution.On the right is the same CRU data downscaled to a 2 x 2 km pixel resolution.  The details of the downscaling methodology can be found at www.snap.uaf.edu



SNAP data

 Temperature
 Precipitation (rain and snow)
 Every month of every year from 

1900 to 2100 (historical + 
projected)

 5 models, 3 emission scenarios
 Available as maps, graphs, charts, 

raw data
 On line, downloadable, in Google 

Earth, or in printable formats

Projected January 
temperatures, 1980 and 

2099
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Presenter
Presentation Notes
Note that these data are monthly mean values.  Daily projections are not currently available.  Also note that rain and snow are provided in combination as rain equivalent.



SNAP complex linked models

 Season length

 Shifting plants and animals (biomes and ecosystems)

 Soil temperature and permafrost

 Water availability

 Forest fire Soil temperature at one meter 
depth: 1980’s, 2040’s, and 2080’s 
(Geophysical Institute Permafrost 
Lab, UAF)
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Presentation Notes
Data such as decadal averages, season length, and growing degrees days have been derived directly from SNAP climate data.  Collaborative projects with other groups and agencies have yielded complex linked models such as those listed here.   Details are available from SNAP via www.snap.uaf.edu, or by contacting SNAP Network Coordinator Nancy Fresco at 907-474-2405 nlfresco@alaska.edu



Major Sources of Uncertainty:
Global Climate Models (GCMs)

 Inputs to GCMs
 Solar radiation is essentially a known quantity

 Levels of greenhouse gases are uncertain, but accounted for by 
varying emissions scenarios

 GCM algorithms
 Oceanic and atmospheric circulation are extremely hard to 

predict and model

 May include thresholds (tipping points) such as ocean currents 
shifting or shutting down

 Don’t fully account for short-term phenomena such as the 
Pacific Decadal Oscillation (PDO)

Presenter
Presentation Notes
Because GCM outputs are not reliant on weather station data, but rather on the calculated balance between incoming solar radiation and reflected heat from the land surface, oceans, and atmosphere, GCM outputs can be validated using “real” climate data as recorded on the ground.  Although the greenhouse capacities of atmospheric gases are well known, feedback between warming and humidity add uncertainty to GCMs, since water vapor is a greenhouse gas.  Additional heat is likely to be distributed unevenly around the globe, and some areas may even experience cooling with changing currents.



Major Sources of Uncertainty:
Interpolation, Gridding, and Downscaling

 Climate stations are very 
sparse in the far north, so 
interpolation is challenging 
regardless of method

 Precipitation can vary 
enormously over very small 
areas and time frames

 Overall, PRISM seems to do 
the best job of capturing 
landscape climate variability

Presenter
Presentation Notes
This map shows Alaska climate stations, with recent temperature change (~ last 30 years) in red.Rainfall and snowfall can be hard to model for several reasons, including poor historical measurements, poorly calculated orographic effects, and enormous local variation.



Dealing with Uncertainty

 SNAP’s model validation study 
depicts uncertainty by region, 
model, and data type based on 
comparisons between model 
results and actual station data

 In some cases, differences 
between CRU and PRISM data 
can be viewed as a proxy for 
uncertainty  in downscaling

 Ultimately, scenarios planning 
is the best way to account for a 
range of possible futures

Variation between the five global 
models selected by SNAP can be 
used as a proxy for uncertainty in 
GCM algorithms

Presenter
Presentation Notes
This map shows between-model uncertainty for summer temperature projections for the 2090’s  SNAP has used a wide range of metrics to validate its models and to gauge uncertainty in model outputs.



NPS Talking Points Papers

 Available for Alaska Maritime and Transitional and 
Alaska Boreal and Arctic

 Provide park and refuge area managers and staff 
with accessible, up-to-date information about 
climate change impacts to the resources they protect

 Talking Points have three major sections: 
 a regional section that provides information on changes, 

organized around seven types of impacts
 a section outlining No Regrets Actions that can be taken now 

to mitigate and adapt to climate changes
 and a general section on Global Climate Change arranged 

around four topics

Access these and other documents at http://www.snap.uaf.edu/webshared/Nancy%20Fresco/NPS/
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Presentation Notes
Seven Regional topics:TemperatureThe Water CycleVegetationWildlifeDisturbanceCultural ResourcesVisitor ExperienceFour Global topics:Temperature and greenhouse gasesWater, Snow, and IceVegetation and WildlifeDisturbanceDiscussion of uncertainty:“What scientists know” are statements based on measurable data and historical records. These are statements for which scientists generally have high confidence and agreement because they are based on actual measurements and observations. Events under this category have already happened or are very likely to happen in the future.“What scientists think is likely” represents statements beyond simple facts; these are derived from some level of reasoning or critical thinking. They result from projected trends, well tested climate or ecosystem models, or empirically observed relationships (statistical comparisons using existing data). “What scientists think is possible” are statements that use a higher degree of inference or deduction than the previous categories. These are based on research about processes that are less well understood, often involving dynamic interactions among climate and complex ecosystems. However, in some cases, these statements represent potential future conditions of greatest concern, because they may carry the greatest risk to protected area resources. 



Climate Change Scenario Drivers 

TEMPERATURE AND LINKED VARIABLES
thaw, freeze, season length, extreme days, permafrost, 

ice, freshwater temperature

PRECIPITATION AND LINKED VARIABLES:
rain, snow, water availability, storms and flooding, 

humidity

PACIFIC DECADAL OSCILLATION (PDO)
definition, effects, and predictability

SEA LEVEL
erosion also linked to sea ice and storms

OCEAN ACIDIFICATION
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Presentation Notes
“Drivers” are aspects of climate change that may drive changes (“effects”) in the region in question. They can be grouped into these categories, with some drivers being higher level and others being at least partially derivative.



Drivers are linked to other drivers
    Arctic snow cover declines, with higher average air 

temperatures, earlier spring thaw, and cryoconite deposition 
(atmospheric soot and dust).   MHH 

 Nancy Fresco- lots of 
uncertainty here. 

Cryosphere   Lack of snow cover leads to deeper freezing of water in 
the ground or river beds resulting in more aufeis (overflow 
ice) on rivers and lakes and formations of pingos and 
yedomas on land.  M 

 Nancy Fresco-uncertainty here 
as well. 

    Undiscovered cultural resources are exposed as perennial 
snow and ice patches melt and recede.  LL   

  Sea Ice Shorter sea ice season, with less and thinner ice 
complicates travel over ice, while easing boat travel through 
ice.  Lack of sea ice in Spring-Fall impacts ecosystems 
(negatively for marine mammals/positively for some fish 
species), impacts subsistence access, increases risk and costs 
for marine mammal hunters.  Adds energy to storm surges 
which increases erosion with high economic costs for 
community relocation.  HH   

    Seasonal reductions in Arctic sea ice enable more marine 
transportation and shipping accidents.  As passenger and 
cargo traffic increases, the potential for accidents and the risk 
of spills contaminating NPS coastal resources increases.  MMHHH

H 

 Wendy Loya-A spill would be 
significant. 
Peter Neitlich-O&G 
development/shipping major 
concern. 

  Ice Roads Reduced winter transportation opportunities on frozen 
tundra affect opportunities for natural resource development, 
access to subsistence sites, and travel between villages, 
spurring discussion of alternative transportation routes and 
easements.  MHHH   

  Permafrost Mercury and other pollutants are released into the aquatic 
environment as the permafrost thaws, increasing contaminant 
exposure for wildlife and humans that rely on the marine 
ecosystem for food.  MH   

  Sea level Some coastal villages rapidly lose ground relative to sea 
level, such as Shishmaref and Kivalina in Northwest Alaska.  
Erosion and subsidence are complicating factors.  HHHH 

 Peter-relocations will have 
effect on parks. 

 

Presenter
Presentation Notes
Temperature affects all of these drivers



Northwest AK Drivers (pt. 1)
Climate 
Variable

General 
Change 
Expected

Specific Change 
Expected & Reference 
Period

Size of 
Expected 
Change 
Compared to 
Recent 
Changes

Patterns of Change Confidence Source & 
Context

Temperature Increase 2050:  +3°C ±2° ;      
2100:  +5°C ±3°

Large More pronounced in autumn-
winter, with winter increases of 
+8°C likely by 2100

>95% Very 
likely  (for 
sign)

IPCC (2007) 
and 
SNAP/UAF

Precipitation Increase 2050: 15-25% ± 15%;    
2100:25-50%  ±20%

Large Fairly high % change, but high 
uncertainty and low baseline 
precip; drying effects of 
increased temperature and 
evapotranspiration may 
dominate

>90% very 
likely  (for 
sign)

IPCC(2007) 
and 
SNAP/UAF

Relative 
Humidity

Little change 2050: 0% ±10%;       
2100: 0% ±15%

Small Absolute humidity increases 50% About as 
likely as not

SNAP/UAF

Wind Speed Increase 2050: +2% ±4%;    
2100: +4% ±8%

Small More pronounced in winter 
and spring

>90% (sign) 
Likely

Abatzoglou 
and Brown*

Pacific 
Decadal 
Oscillation 
(atmospheric 
circulation)

Decadal to 
multidecadal 
circulation 
anomalies 
affecting 
Alaska

Unknown Large 
(comparable 
to climatic 
jump in 
1970s)

Major effect on Alaskan 
temperatures in cold season; 
acts as a wildcard within 
ongoing climate trends

Natural 
variation, 
essentially 
unpredictable

Hartmann 
and 
Wendler 
(2005, J. 
Climate)

Extreme 
Events: 
Temperature

Warm 
Events 
Increase / 
Cold Events 
Decrease

2050: increase 3-6 
times present for warm 
events; decrease to 
1/5-1/3 of present in 
cold events;                              
2100: increase 5-8.5 
times present in warm 
events; decrease 1/12 
to 1/8 of present in 
cold events

Large Increase in frequency and 
length of extreme hot events 
and decrease in extreme cold 
events (winter) due to warming 
trend, but no clear changes in 
overall variability

Modeled and 
observed  
>95% Very 
likely (for 
sign)

Abatzoglou 
and 
Brown*; 
Timlin and 
Walsh, 2007, 
Arctic )

Extreme 
Events: 
Precipitation

Decrease/In
crease

2050: -20% to +50%;     
2100: -20% to +50%

Large Increase in frequency and 
contribution especially in 
winter.  Largest increase in 
autumn (large intermodel 
differences). Decreases in 
spring.  Percent of annual 
precipitation falling as extreme 
events increases.

Modeled and 
observed   
Uncertain

Abatzoglou 
and Brown*
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Presentation Notes
These tables are also available as Excel spreadsheets.  They were created by SNAP scientists, with input from project participants.  Some drivers not on these tables were added during the workshop process.



Northwest AK Drivers (pt. 2)
Climate 
Variable

General 
Change 
Expected

Specific Change 
Expected & Reference 
Period

Size of 
Expected 
Change 
Compared to 
Recent 
Changes

Patterns of Change Confidence Source & 
Context

Extreme 
Events: 
Storms

Increase Increase in frequency 
and intensity

Any 
increases 
exacerbated 
by sea ice 
reduction 
and sea level 
increase

Increases at southern 
periphery of Arctic; little 
information for central Arctic

>66% Likely Rachel 
Loehman

Sea ice Decrease 2050: 40-60%  loss in 
Bering Sea 
(winter/spring); 20-
70%  loss in 
Chukchi/Beaufort 
(summer)

Comparable 
to recent 
changes

Longer ice-free season;  less 
loss of sea ice in winter than in 
summer

>90%  Very 
likely

Overland 
and Wang 
(2009)

Snow Increased 
snowfall 
during 
winter, 
shorter 
snow 
season

2050: 10-25%;           
2100: 20-50%

Recent 
changes not 
well 
established

Cold-season snow amounts 
will increase in Interior, Arctic; 
increased percentage of 
precipitation will fall as rain 
(especially in spring, autumn)

Large 
uncertainty in 
timing of 
snowmelt 
(warmer 
springs, more 
snow to melt)

AMAP/SWI
PA (Snow, 
Water, Ice 
and 
Permafrost 
in the 
Arctic, 2011)

Freeze-up 
date

Later in 
autumn

2050: 5-20 days                
2100: 10-40 days 

Large highest near the north coast, 
but pronounced throughout 
the Arctic

>90%  Very 
likely  (sign)

SNAP/UAF

Length of ice-
free season 
for rivers, 
lakes

Increase 2050:  10-20 days      
2100: 20-40 days

Large Largest near coasts where sea 
ice retreats, open water season 
lengthens

>90%   Very 
likely

IPCC (2007); 
SNAP/UAF
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Northwest AK Drivers (pt. 3)
Climate 
Variable

General 
Change 
Expected

Specific Change 
Expected & Reference 
Period

Size of 
Expected 
Change 
Compared to 
Recent 
Changes

Patterns of Change Confidence Source & 
Context

River and 
stream 
temperatures

Increase 2050:  1-3°C                 
2100:  2-4°C

Large Consistent with earlier breakup 
and higher temperatures

>90%   Very 
Likely

Kyle and 
Brabets 
(2001)

Length of 
growing 
season

Increase 2050:   10 to 20 days           
2100:   20 to 40 days

Continuation 
of recent 
changes

Largest near coasts >90%   Very 
likely

IPCC (2007);  
SNAP/UAF

Permafrost Increased 
area of 
permafrost 
degradation 
(annual 
mean 
temperature 
> 0°C)

2050: ~100-200 km 
northward 
displacement            
2100: ~150-300 km 
northward 
displacement

Large Permafrost degradation 
primarily in area of warm 
permafrost; less pertinent in 
the Arctic, although some 
degradation likely in southern 
Arctic and coastal areas.

>90%  Very 
likely  (sign)

SNAP and 
Geophysical 
Institute 
(UAF)

Sea level Increase 2050:  3 inches to 2 
feet                            
2100:  7 inches to 6 
feet

Large Large uncertainties, esp. at 
upper end of range.  Isostatic 
rebound is less likely in the 
north

>90% on sign, 
except in 
areas of 
strong 
isostatic uplift

IPCC (2007)

Water 
availablility 
(summer soil 
H2O = P-PET)

Decrease 2050: decrease of 0-
20+%                           
2100: decrease of 10-
40+%

Recent 
changes not 
well 
established

Most profound changes in 
areas where sub-freezing 
temperatures have historically 
limited PET, therefor highly 
pertinent in the Arctic. Much 
uncertainty regarding role of 
winter water storage and 
spring runoff

>90%  Very 
likely , but 
likelihood 
varies by 
region

SNAP and 
The 
Wilderness 
Society
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Temperature and linked variables

 Temperature based on downscaled monthly averages 
from SNAP
 Uncertainty due to GCM uncertainty, emissions scenarios, 

downscaling uncertainty, PDO

 Season length, freeze, and thaw dates interpolated 
from mean monthly temperatures

 Permafrost thaw derived from ground cover, soil 
type, air temperature projections

 Extreme days an extension of temperature trend

 Sea ice and freshwater temperature also linked to air 
temperature

Presenter
Presentation Notes
Temperature is a high level driver, which can be considered on its own, or limited to one of its components



Precipitation and linked variables

 Temperature based on downscaled monthly averages 
from SNAP
 Uncertainty due to GCM uncertainty, emissions scenarios, 

downscaling uncertainty, PDO

 Uncertainty greater than for temperature

 Models do not separate rain/snow

 Storms include wind and precipitation
 Flooding and erosion more dependent on timing than quantity

 Water availability linked to precipitation and 
temperature

 Humidity and cloud cover

Presenter
Presentation Notes
Precipitation is also a high level driver that impacts other drivers



Pacific Decadal Oscillation (PDO)

http://en.wikipedia.org/wiki/File:La_Nina_and_Pacific_Decadal_Anomalies_-_April_2008.png

Pattern of Pacific climate 
variability that shifts phases about 
every 20 to 30 years (compared 
to 6-18 months for ENSO)

First identified by Steven R. Hare 
in 1997.

Warm or cool surface waters in 
the Pacific Ocean, north of 20° N. 

In a "warm", or "positive", phase, 
the west Pacific becomes cool 
and part of the eastern ocean 
warms; during a "cool" or 
"negative" phase, the opposite 
occurs.34

Presenter
Presentation Notes
PDO acts as a climate “wild card” since it can mask ongoing trends via multi-decade shifts



PDO -- Effects

 Major changes in marine ecosystems correlated with PDO.

 Warm eras have seen enhanced coastal ocean productivity in 
Alaska and inhibited productivity off the west coast of the 
contiguous United States.

 Cold PDO eras have seen the opposite.

http://www.wrh.noaa.gov/images/fgz/science/pdo_latest.gif
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Presenter
Presentation Notes
PDO adds another type of uncertainty to climate projections



PDO -- Predictability

 PDO is caused by several processes with different origins, including ENSO and 
more stochastic influences .

 Currently NOAA has limited ability to predict PDO more than 1 year out.

 Controversy exists over how PDO works, and how it might best be monitored, 
modeled and predicted.

 Predictive strength may be improving.

http://jisao.washington.edu/pdo/
36

Presenter
Presentation Notes
Short-term predictions are particularly likely to be swayed by PDO



Ocean Acidification

Reduced survival of larval marine species
Algae and zooplankton reduced
Serious consequences for food webs
Exact thresholds unclear

Presenter
Presentation Notes
There are few data sources outlining the exact expected effects of ocean acidification in northwest Alaska.



Sea Level and Storm Surges

http://seagrant.uaf.edu/map/climate/docs/sea-level.pdf

Along the southern shores of Alaska the effect so far is hardly noticeable, because 
most of the coastline also is slowly rising due to tectonic forces and isostatic 
rebound. 

On the Bering Sea coast and in the 
Arctic, however, communities are 
experiencing increased damage 
from storm surges (extreme high 
water events caused by high winds 
and low atmospheric pressure), 
shoreline loss to fierce winter 
storms, and saltwater intrusion into 
freshwater sources, sanitation 
lagoons, and fish and wildlife 
habitats.

Indications are that all of this is 
being made worse by a gradual rise 
in sea level. 

Presenter
Presentation Notes
Storm surges are driven by a complex interplay between temperature, wind, and precipitation, which in turn affect permafrost, sea ice, and shore-fast ice.



Climate Effects

Climate effects are the outcomes of the critical 
forces or drivers, as expressed by significant 
changes in particular parks.  Points to consider 
include:

 Time frame (20 years?  100 years?)
 Uncertainty (of both driver and effect)
 Severity of effect (and reversibility)
 Scope: what parks, who is impacted?
 Repercussions: what is the story?
 Feedback to policy
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Presenter
Presentation Notes
Extensive tables of possible climate effects were created by team leaders and participants, and are available as spreadsheets, including annotations regarding the perceived importance of each effect.



Drivers are linked to effects

Sector Subsector Potential Effects to Resources, Operations, and People 

Level of 
impact 
(H/M/L) Comments 

Atmosphere Greenhouse 
gases 

Deliberate biological and geological sequestration may be 
implemented on federal-owned and other lands 

 LLLLL   
  Air 

temperature 
Air temperature increases at an average rate of 1°F (0.56°C) 
per decade.  For Bering Land Bridge, mean annual temps 10°F 
higher by 2080, with largest change in winter -- 8°F by 2040. 
14°F by 2080.  HHHHH   

    Average annual temperatures shift from below freezing to 
above freezing in coastal areas by the end of the century. 

 HHHHHH 

Nancy Fresco- remember that all 
of these can be viewed as 
cascading effects. 

  Precipitation Average annual precipitation increases through the mid- to 
late-21st Century.  Relative proportions of moisture deposited 
as snow, ice or rain change as temperature increases.   

 MMHHH 

 Don C.-this will have a 
particularly pernicious effect re: 
access and subsistence 
activities. 

    Arctic likely to experience drying conditions despite 
increased precipitation, due to higher temperature and 
increased rates of evapotranspiration.  MMHHH 

 Peter Neitlich- BELA has had 
huge fire episodes in past. 

 

Presenter
Presentation Notes
The importance of an effect can be judge based on its potential severity, including the breath and depth of the impact across multiple sectors.  Most drivers result in multiple effects.



A UGUST TRAINING WORKSHOP

SCENA RIOS VS FORECA STS

THE STEPS IN SCENA RIOS PLA NNING:
Orient

Explore  
Synth es iz e

A c t
Monitor

Part III:
Global Business Network (GBN) 

Scenarios Planning Process
(introduced during webinars)
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Presenter
Presentation Notes
Much of this information is courtesy of GBN, Global Business Network.  See also http://www.gbn.com/



Climate change scenarios training workshop
August 2010

 Facilitated and led by Jonathan Star of Global 
Business Network (GBN) 

 Participants included trainers, NPS staff from 
diverse regions and departments, SNAP researchers, 
and representatives of cooperating agencies.

 Participants learned how to develop scenarios based 
on nested framework of critical uncertainties

 Fleshed out the beginnings of climate change 
scenarios for two pilot park networks
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Presenter
Presentation Notes
The workshop began with a plenary session on the fundamentals of scenario planning.  Scenarios were defined as hypotheses about the future, rather than predictions.  Scenarios are intended to be stories of divergent yet plausible, relevant, and challenging paths that stretch thinking and provide a tool to navigate change.  



 Forecast Planning 

 One Future

 Scenario Planning

 Multiple Futures

 Scenarios overcome the tendency to predict, allowing us to see multiple possibilities 
for the future

Scenario Planning vs. Forecasting

What we know today

+10%-10% Uncertainties

Global Business Network (GBN) -- A member of the Monitor Group                               Copyright 2010 Monitor Company Group

What we know today

Presenter
Presentation Notes
Scenarios planning allows for better choices than mere forecasting.  This process is described in detail in The Art of the Long View, by Peter Schwartz.  This graphic is courtesy of GBN.



Explaining Scenarios: A Basic GBN Scenario 
Creation Process

What are the implications of 
these scenarios for our 
strategic issue, and what 
actions should we take in 
light of them?

What is the strategic 
issue or decision that 
we wish to address?

What critical 
forces will affect 
the future of our 
issue?

How do we combine and 
synthesize these forces to 
create a small number of 
alternative stories?

As new 
information 
unfolds, which 
scenarios seem 
most valid? Does 
this affect our 
decisions and 
actions?

This diagram describes the 5 key steps required 
in any scenario planning process

Global Business Network (GBN) -- A member of the Monitor Group                               Copyright 2010 Monitor Company Group
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Presentation Notes
We will return to this slide as we discuss the scenarios creation process.  This graphic is courtesy of GBN.



Step one: Orient
Introducing the Focal Question

What is the strategic issue or decision that we wish to address?

How will climate change effects 
impact the landscapes within which 
management units are placed over 
the next 50 to 100 years? 

How can NPS managers best 
preserve the natural and cultural 
resources and values within their 
jurisdiction in the face of climate 
change? 

To answer this challenge, we need to explore a broader question: 

Cape Krusenstern National Monument 
All rights reserved by BruceandLetty

Bering Land Bridge National Preserve
http://www.nps.gov/bela/photosmultimedia/Landscape-Scenics.htm

Presenter
Presentation Notes
Participants broke into two focus groups to develop scenarios. The Southwest Alaska Network (SWAN) focused on Kenai Fjords, and the Arctic Network (ARCN) focused on Cape Krusenstern. This presentation outlines the work of the SWAN group.

http://www.flickr.com/photos/alltheparks/�


Step Two: Explore

What critical forces will affect the future of our issue?

Copyright © 2010 Monitor Company Group, L.P. — ConfidentialERT-HLY 2010 1

CRITICAL UNCERTAINTIES
BIOREGION: ______________

Over the next 50 – 100 years, what will happen to . . . ?

Global Busness Network (GBN) -- A member of the Monitor Group                               Copyright 2010 Monitor Company Group

Critical forces 
generally have 
unusually high 
impact and 
unusually high 
uncertainty

Presenter
Presentation Notes
Each group first considered potential critical uncertainties with regard to future climate.  Critical uncertainties – in this case, climate drivers -- were defined as parameters with unusually high impact and uncertainty. In other words, what changes in climate are most important, most uncertain, and most likely to drive major change in park conditions and NP management?  The groups used those drivers to develop potential scenarios matrices. From these matrices each group selected one matrix to further develop and build narratives for the future.



CLIMATE SCENARIOS
BIOREGION: ______________

Combining two 
selected 
drivers creates 
four possible 
futures

Presenter
Presentation Notes
This template allows participants to explore the interaction between two critical uncertainties.



“Nested Scenarios”?

Lack of senior commitment
Varied approaches and 

alignment
Short-term concerns

Senior commitment
Inter-agency alignment
Long-term perspectives

Widespread indifference
Competing concerns

Nature of Leadership

D
egree of              Societal C

on
cern

Big problems, Big solutions…Riots and Revolution…

Is Anyone Out There?... Wheel-Spinning…

1 2

3 4

5 6

7 8

9 10

11 12

13 14

15 16

Global Business Network (GBN) -- A member of the Monitor Group                               Copyright 2010 Monitor Company Group

Broad Understanding
Heightened Urgency

Nesting each 
story in a 
social 
framework 
creates 16 
possibilities

Presenter
Presentation Notes
For the purposes of the NPS workshops, this template was slightly altered from that used by GBN, which focused on national and international leadership on the horizontal axis.  Instead, this project is considering national, statewide, agency, and local leadership.  Each group selected 3-4 nested scenarios to explore, identifying implications and future actions, and ultimately drafting a list of suggested management decisions from their findings.



Socio-
Political

NESTED SCENARIO DETAILS
BIOREGION:___________

Describe This World in 2030

Major Impacts on the Bioregion

Issues Facing Management

Bioregion
Climate_______________

Step 3: Synthesize

The 16 possible futures 
created in the preceding steps 
must be narrowed down to 3-
4 scenarios that are relevant, 
divergent, challenging, and 
pertinent.  Each has it’s own 
narrative (story).

Presenter
Presentation Notes
This template offers a guide for creating a narrative from a scenario.



Step Three: Synthesize

How do we combine and synthesize these forces to 
create a small number of alternative stories?

• Sixteen (or more) choices available (4x4)
• Need to select only 3-4 to turn into narratives 

and planning tools 
• Focus on scenarios that are:

• Relevant
• Divergent
• Plausible
• Challenging

• Create a narrative (story) about each scenario

Presenter
Presentation Notes
When telling a story, remember to engage your audience with issues that matter to them and a narrative style that suits the situation.  Narratives are not the only outputs from the scenario building process.  Other outputs include full-length reports, presentations, displays, and teaching tools.



Step 4: Act
Categorizing Options to Help Set Strategy

Robust: Pursue only those options that would 
work out well (or at least not hurt you too 
much) in any of the four scenarios

OR

Bet the Farm / Shaping: Make one clear 
bet that a certain future will happen — and 
then do everything you can to help make that 
scenario a reality

OR

Hedge Your Bets / Wait and See: Make 
several distinct bets of relatively equal size

OR

Core / Satellite: Place one major 
bet, with one or more small bets as a hedge 
against uncertainty, experiments, and real 
options

Hedge 
Your 
Bets

Hedge 
Your 
Bets

Hedge 
Your 
Bets

Hedge 
Your 
Bets

Core

Robust
Satellite

Satellite

Bet the
Farm

Hedge 
Your 
Bets

Hedge 
Your 
Bets

Hedge 
Your 
Bets

Hedge 
Your 
Bets

Core

Robust
Satellite

Satellite

Bet the
Farm

Presenter
Presentation Notes
Which strategy you choose depends on risks, benefits, and priorities.  For this project, we will tend to lean toward robust options – planning choices that make sense for all scenarios.  However, if one or more plausible scenario includes a catastrophic outcome that must be avoided at all costs, it might also make sense to plan for that eventuality.



Next Steps

Teleconferences and webinars to 
confirm results and fill in gaps

Discussion of how to turn plans (no 
regrets management actions) into 
concrete actions

Development of outreach tools and 
information, including final report

Dissemination of scenarios and 
explanations of the process and results 
to a broad audience

Feedback from a wider audience

Linkages with planning for other park 
networks

The scenario planning 
process doesn’t end 
with “SYNTHESIZE”

Presenter
Presentation Notes
Participants are an integral part of the scenario building process, not just during the workshop, but throughout the cycle of acting, monitoring, and reorienting.



Selected drivers

Climate scenarios

Nested scenarios

Implications

Actions

Research

No regrets  actions

Part IV:
Workshop Results, Bering Land Bridge
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Presenter
Presentation Notes
The next two sections go through the details of the scenario building process, as undertaken by two working groups, one for each park.  These results are also outlined in the project’s written report.



Selected Drivers (BELA)

Drivers as rated for certainty and importance by the BELA group.
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Driver Uncertainty Important? Votes 

Temperature  M  H 4 

Precipitation  M  H  

Relative humidity  M  L  

Length of growing season  M  M-H 3 

Ocean acidification  H  H 1 

Sea ice extent (decline)  M  H 7 
Extreme weather events (severity 
and frequency) H   H 

4 

Coastal permafrost degradation H  H 3 

PDO  H  H 1 

Sea level rise  L  H 3 

Change in hydrologic regime  H  M-H 2 
Length of ice free season  M  H  
Freeze-up date  M-H  H  
Wind pattern shifts  L  M  
Snowpack  M  H 2 
Fire  M-H  M  
Interior permafrost degradation  M  H  

 

Drivers selected to explore:

Temperature: 1°C/2°C by 2050/2100 
5°C/8°C by 2050/2100

Extreme Weather Events (precip, 
storms): current conditions increased 
frequency and intensity (5-8x increase)

Sea Ice decline: current  none in 
Sept/ longer ice free season

Group decided to use:
• Temperature
• Extreme weather events

Presenter
Presentation Notes
Selecting drivers is a crucial step in the process, because it guides all subsequent steps.  This group chose to rank drivers based on levels of uncertainty and importance from low (L) to high (H).  Participants then voted on which drivers to select, given 3 votes each.  Subsequent discussion allowed these votes to be reattributed by category in order to narrow down the choices.Note that choosing drivers that are uncertain is in some ways opposite to the common logic of planning processes, which tend to focus on the most certain outcomes.  It is important to remind participants of the rationale behind this.



Climate Scenarios (BELA)

Matrix showing the 
intersection of 
changes in storms 
and precipitation and 
changes in ocean 
acidification, as each 
pertains to coastal 
regions.  Each 
quadrant yields a set 
of future conditions 
which are plausible, 
challenging, relevant, 
and divergent.
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      Extreme Precipitation          and Storm Events 

   
   

   
   

   
   

   
   

   
   

   
T

em
pe

ra
tu

re
 

+5°C/8°C by 2050/2100 

+1°C/+2°C by 2050/2100 

↑  Severity,           
frequency 

Current 

“Hotwash” 

2 

“Contemporary 
Change” 

3 

“Overrun” 

1 

     

 

 

 

“Stormy 
Weather” 

4 

Presenter
Presentation Notes
These four basic scenarios are outlined in bullet form in the following slides.



“Overrun”

 Decreased ability to travel in winter
 Decrease marine mammals
 New marine species
 Infrastructure and habitat loss from 

permafrost loss
 Shrubification, lichen loss
 Boreal forest moves in
 Ocean development, ocean travel and 

tourism-oil and gas, mining, fisheries 
leading to increased risk for subsistence 
users/boats etc (but also more 
employment options).

 Increased risk of oil spills and 
associated losses of fish, wildlife, etc

 Marine noise and disturbance affect 
subsistence

 Loss of arctic endemic species, e.g. 
musk ox, tundra hares (beringeal relic 
species)

 Grasses and drought
 Aquatic invasives
 Terrestrial invasives
 Possible reduction in freight costs
 Potential for more research to support 

development
 More moose and beaver
 Potential change of fish habitatspp. 

change.

Climate scenario 1 (BELA)
56

Presenter
Presentation Notes
These bullet points were generated in group brainstorming, using the Effects Table as a guide



“Hot washed”

 ↑ coastal erosion

 ↑ rain on snow events

 ↑ travel danger

 ↑ sedimentation and river erosion

 ↓ marine mammals

 Migratory birds change

 Loss of archaeological resource on large scale

 ↑ fire

 More shrubification, lichen loss

 ↓ winter caribou range

 Infrastructure and habitat loss even more 
severe than other quadrants due to 
permafrost loss

 ↑ risk of village relocation/destruction

 Boreal forest moves in

 Ocean development, ocean travel and 
tourism-oil and gas, mining, fisheries leading 
to increased risk for subsistence users/boats 
etc (but also more employment options). 
(less tourism development due to storms).

 ↑ risk of oil spills and associated losses of 
fish, wildlife, etc

 Marine noise and disturbance affect 
subsistence

 Loss of arctic endemic species, e.g. musk ox, 
tundra hares (beringeal relic species)

 Aquatic invasives

 ↑ disease and insects

 Possible reduction in freight costs

Climate scenario 2 (BELA)
57

Presenter
Presentation Notes
These bullet points were generated in group brainstorming, using the Effects Table as a guide



“Contemporary Change” “Stormy Weather”

 Continuation of current 
trends

 This does not mean there 
is no change. Just not as 
accelerated in other 
quadrants.

 Continued erosion at 
current rates

 More ESA listings, but 
less than in other 
quadrants.

 Less severe coastal erosion 
than “Hot washed”

 Some loss of archeological 
resources

 More snowpack which 
would affect ungulates

 Changing wetland 
composition; return to 
sedgey beringean? (need to 
check on this)

 Flooding of airstrips

Climate scenarios 3&4 (BELA)
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Presenter
Presentation Notes
These bullet points were generated in group brainstorming, using the Effects Table as a guide



Nested Scenarios (BELA)

Matrix showing climate 
scenarios nested in a 
social/institutional 
framework.  Each 
quadrant yields four linked 
scenarios; two are selected 
in red.
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               Institutions 

Broad Understanding 
Heightened Urgency 

Widespread Indifference 
Competing Concerns 

Less Integrated More Integrated 

Wheel- 
Spinning 

Big Problems, 
Big Solutions… 

Is Anyone 
Out There?... 

Riots and 
Revolution… 

 Nested 
scenario 
selected 

Presenter
Presentation Notes
After sharing preliminary results with the larger group, participants nested the four biophysical scenarios in the socio-political framework.  Two scenarios were selected, based in part on seeking maximum divergence, and in part of balancing the selections of the CAKR group.



BELA Nested Scenario 1: 
“Climate Kumbaya” (Overrun in Big Problems, Big Solutions) 

Implications: Natural Resources
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• Shrubification ↑moose, change 
subsistence uses, cascading effects on veg
and natural environment

• Loss lichensreduced caribou, reduced 
subsistence uses

• Fish spp. changes, change in commercial 
fisheries, change in historic 
resources/environmental integrity and 
wilderness 

• ↑fire smoke, change in veg, permafrost, 
loss of historic building sites, increased 
employment

• Rain on snow events caribou and 
muskox reduced winter forage and 
population losses

• Change in sea ice results in change in sea 
mammal spp. and distribution

• Change in subsistence practices
• Ice spp. moving to land (polar bears, 

walrus)

Invasive spp
• ↓biodiversity
• ↓endemic/iconic spp.
• Change in ecosystem function
• Alter subsistence patterns
• Impacts to environmental integrity 

(wilderness values)
• ↑in trammeling (due to management action)

Drying of wetlands
• Change in waterfowl and fish populations
• Impact to yellow bill loon  ESA listing
• Freshwater shortages
• Change in nutrient transportation
• Filter for contaminants
• Decrease in insect populations and wood 

frogs
Degradation of permafrost

• Sedimentation
• Altered aquatic habitat (change in spp.)
• Drying of environment (changes 

transportation)
• Loss of traditional landscape (changes the 

view)

Presenter
Presentation Notes
These bullet points were generated in group brainstorming, using the Effects Table as a guide and drawing upon the range of knowledge among participants.



Facilities/Infrastructure
 Decreased ability to travel into park↓ops for 

subsistence, recreation, village travel, and 
visitation

 Infrastructure loss (roads, buildings) cause 
reduced ability to access area and affect safety 
of residents and visitors

 Loss of permafrost causes road, gravel pad, 
facility damage (means rethinking 
construction types/areas)

Social/Economic/Subsistence
 ↑marine travel noise can disturb migration 

routes and subsistence
 ↑economic opportunities  environmental 

and subsistence impacts
 People will have to adapt to different species 

to eat (wildlife and plant, fish, sea weeds, etc.)
 Increased opportunity/requests for mineral 

and oil exploration and development

Communications
o Rapid changes need education curriculum to 

increase awareness
o More and different types of visitation will put 

demands on park interpretation
Cultural Resources
o Dramatic loss of cultural and paleontological 

resources
o Loss of archaeological, paleontological, and 

ethnographic resources requires increased I 
& M for cultural resources (catalogue and 
preserve)

o Loss or degradation of other historic 
structure, e.g. cold war buildings, whale 
sites, due to permafrost and erosion
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BELA Nested Scenario 1: 
“Climate Kumbaya” (Overrun in Big Problems, Big Solutions) 

Implications (cont’d)

Presenter
Presentation Notes
These bullet points were generated in group brainstorming, using the Effects Table as a guide and drawing upon the range of knowledge among participants.



BELA Nested Scenario 1: 
“Climate Kumbaya” (Overrun in Big Problems, Big Solutions) 

Important Management Actions
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• Ensure that construction of facilities, roads, 
etc. consider future climate effects

• Increase outreach and education efforts 
(plan and implement)

• Increased need and change in current 
interagency collaboration for fishing and 
hunting regulations

• Increase inventory and monitoring of 
archaeological and paleontological sites 
(strategy, plan, funding)

• Work with other state/federal agencies to 
monitor resource development to ensure 
any development has benefits to the park 
(money, research)

• Model, collaborate and promote energy 
efficient techniques and practices

• Integrate traditional knowledge in 
meaningful way—serious!

• Establish and maintain long term 
relationships with partnered funding 
streams (sustain funding at local, regional, 
and national levels)

• Coordinate and collaborate with local, tribal, 
state agencies on creating a regional level 
plan that addresses climate change

• Incorporate climate change into all park 
planning efforts

• Develop fire management plans that address 
increase in fire and potential concerns over 
caribou winter habitat

• Rank park resources to facilitate extreme 
event response

• Consider park needs to facilitate increased 
visitation

• Streamline agreements process to facilitate 
effective collaborations

• Be a BIG player in LCC, ocean stewardship, 
shore zone, and other initiatives

Presenter
Presentation Notes
These bullet points were generated in group brainstorming, using the Effects Table as a guide and drawing upon the range of knowledge among participants.



BELA Nested Scenario 1: 
“Climate Kumbaya” (Overrun in Big Problems, Big Solutions) 

Research and Information Needs
63

• Find and share specialized expertise in different disciplines
• Host periodic state of knowledge symposia and develop collaborate approach to 

identify and address info/research/management needs
• Work with Russian counterparts to collaborate on arctic issues (e.g. subsistence, 

conservation)
• Incorporate local knowledge into research/info needs and management actions
• Develop visitor/backcountry plans that address access and visitor facilities
• Use a “Hopkins” approach to research (interdisciplinary approach to climate 

change)
• Increase monitoring of impacts of fire on vegetation and wildlife habitat under 

changing climate.
• Increase wildlife monitoring
• Create detailed vegetation maps
• Monitor phenology of plants
• Increase coastal, lagoon, and fish research
• Add volume loss dimension to coastal erosion

Presenter
Presentation Notes
These bullet points were generated in group brainstorming, using the Effects Table as a guide and drawing upon the range of knowledge among participants.



Narrative:
“Climate Kumbaya: Successfully Coping with Climate Change”

Abstract for the keynote speech at Beringea Climate Change Conference (given by BELA superintendant) 

Changes in BELA and surrounding environs continue to be pronounced and dramatic.  Because of our long term inventory and monitoring program, we 
have been able to document extensive changes to habitats  which have affected fish and wildlife in the area. Some examples of these changes include 
loss of wetlands and increased drying, increased frequency and severity of fire, increased salinization of coastal areas, increased shrubification of 
tundra habitats, and dramatic changes to species composition of plants and animals. We are partnering with USFWS, NMFS and other agencies to 
document changes in distributions and movements of key wildlife species—e.g., walrus and ice seals are no longer very abundant in our area, and 
whales are changing migration patterns. Because of loss of marine mammal resources, subsistence hunters are shifting to terrestrial wildlife 
resources, especially caribou, moose and musk ox. Fortunately, the Federal Subsistence Board has proven to be nimble in responding to the needs of 
subsistence users, in large part because of the multi agency working groups that focus on NW caribou herd and musk ox. These sorts of wildlife 
working groups have allowed us to find streamlined solutions to our problems, but these issues are complex and ever-changing. 

We had success in moving the village of Shishmaref by working with local agencies to provide a good location to suit the village’s needs. This relocation 
had the potential to cause huge amounts of contention because of using parklands, but due to cooperation between agencies, local peoples, and 
funding agencies, it was a success. Shishmaref is a poster child for climate impact on coastal communities, and a spotlight shines on this area as an 
example of successful global climate change mitigation. We continue to experience extreme storm events and extensive coastal erosion, and this will 
continue. Our continued cooperation with Shishmaref emergency services has allowed us to provide safe travel and shelter for locals. 

Economically, local communities continue to benefit from the new offshore ground fisheries for cod and pollock, but the bycatch issue that plagued the 
Bering Sea decades ago is something we are still struggling with. Economic spin-offs from oil and gas development and mining in the general area 
have also increased economic opportunity, but at some costs to subsistence users and local values.  The new Coast Guard station in Nome has been an 
economic boon and increased safety in the Bering Strait. 

We’ve seen an increase in park visitation which has provided economic benefits but also created some additional challenges for park management. 
Pressure has arisen to finally put a road in to Nome which has increased the pressure on BELA to provide increased visitor services.  We continue to 
try to find transport alternatives to Serpentine Hot Springs to allow for adequate visitation while keeping the springs’ rustic feel.  We are also working 
with the cruise industry to increase options for visitor experiences.  Our cabins are being heated by geothermal or solar energy sources. 

We have developed fire management options that rotate but still allow fires to occur on the landscape. These fire management options work to protect 
critical caribou winter habitat. However, stresses on caribou still continue due to climate change induced rain on ice events and habitat changes.

Due to the cultural resource challenge of the last few decades and an influx of funding, we have been better able to document, preserve, and protect 
archaeological and paleontological resources. We now have extensive and accurate cultural and ethnographic inventories for the area, which have 
contributed to a better understanding of Bering Land Bridge. 

Despite some successes in dealing with climate change issues, climate change solutions are moving targets which continue to create new challenges and 
opportunities for BELA.  These challenges include: wildlife management as wildlife population and subsistence patterns continue to change; 
partnership development and maintenance of critical levels of funding; a continued international presence across the Bering Strait with our Russian 
partners; and changing priorities and initiatives that compete for funding with climate change.
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BELA Nested Scenario 2: 
“The Sign” (Hot Washed in Is Anyone Out There?)

Implications

Cultural Resources
 Massive loss of archaeological sites due 

to erosion, irretrievable loss of cultural 
history and possible compromise of park 
mandate

Facilities/ Infrastructure
 Potentially greater need to accommodate 

cruise ships and road travel, but no 
funding and large erosion problems

Communication
 Less funding for interpretation and no 

strong forums for discussion due to 
community losses and funding cuts

 Great needs for communities near the 
park to communicate needs and get help
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Natural Resources
• Loss of biodiversity through ice decrease and 

heating of riverine systems; loss of marine 
mammal spp; loss of subsistence fish.

• Sea level rise  exacerbated damage from 
storm surges

• Sea ice season has receded and is now limited 
to about one month/year, limiting ability to 
hunt on ice and exacerbating erosion

• Migration patterns changing  indifferent 
harvest seasons, methods and take/limits

• Erosion of landing sites; impact to delivery of 
bulk cargo (e.g. fuel); rising cost of living

• Storms have been hammering the coast for 50+ 
years, causing massive erosion and 
communities washing away

• Shrubs and forest encroaching leading to more 
moose and beaver

• Inland permafrost degradation leading to 
damaged roads, new developable thawed lands

Presenter
Presentation Notes
The second nested scenario created by the BELA group is outlined here. These bullet points were generated in group brainstorming, using the Effects Table as a guide and drawing upon the range of knowledge among participants.



BELA Nested Scenario 2: 
“The Sign” (Hot Washed in Is Anyone Out There?)

Important Management Actions
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• Flexibility in access and use of park resources by affiliated communities, e.g. berry 
jam, carved driftwood, horns, etc

• Integrated response = one contact point for communities for delivering services 
from agencies

• Restructure NEPA to accommodate “collaborative learning” and “adaptive 
management” processes

• Increased coordination and consultation with stakeholders outside park 
boundaries

• Flexibility from federal subsistence board in changing seasons and bag limits to 
traditional Methods and mean, e.g. community quotas, new seasons as ice 
changes, new species

• Increased resources for development of cooperative management regimes
• Forward-thinking planning of development and infrastructure to avoid habitat 

impacts as habitats change
• Prioritized use of limited money for most effective community aid
• Increased integration of TEK in management regulations, policies, and 

enforcement

Presenter
Presentation Notes
These bullet points were generated in group brainstorming, using the Effects Table as a guide and drawing upon the range of knowledge among participants.



BELA Nested Scenario 2: 
“The Sign” (Hot Washed in Is Anyone Out There?)

Research and Information Needs

 Eliminate stovepipe research funding

 Reward interdisciplinary research projects through 
funding, tenure, and recognition

 Organize research around management issues and 
require interdisciplinary proposals

 Good baseline info about species, water resources, 
permafrost and coastal stability, interdependence of 
resources, and trajectories of change

 Develop interdisciplinary regional studies plan

 More research on potential invasives and species shifts
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Narrative: “The Sign”

A short skit set in the year 2060

A family is on a beach that used to be part of Bering Land Bridge National Park.  The family is hunting for sea lions. The hunters have gone up 
to the haul-out.  As they wait for the hunters to return, a young woman picks up an old faded sign with only a couple of letters left on it.  “I wonder 
what this was?” she says to her grandmother. “Anyhow, it would make a good table.  There’s plenty of other driftwood for the fire.”

The grandmother says, “Oh, that’s the old park sign.” 

The young woman sets up the old sign as a table.

The old woman says, “I’m so glad my nephew came to hunt with us. It’s been almost a year now since we lost his brother.  That was so hard for 
him, and for all of us.  His father was such a good provider, until he moved to Nome.  The family kind of fell apart then, when the village was 
evacuated. That was really a shame. The storms got so bad, and we just couldn’t get any help, not even rocks.  There was no clean water anymore 
either.  Folks were getting sick.  Things got really bad.  Even before the big storm, the village was cut off when the flooding washed out all the roads.”

As they make the fire, the young woman says, “I sure hope the hunters get lucky. It’s too bad our cousin in Nome didn’t have the opportunity to 
harvest sea lions. He sure would have had fun, and he’d like the meat.  I miss the taste of walrus, though, from when I was little.”

The grandmother says, “Your cousin sure had a hard time in high school.  I regret that he didn’t have the chance to learn the traditional skills 
his father had.”

Her granddaughter nods.  “And he could have done a lot of moose hunting, now that there’s enough for everyone – but not this time of year, 
though, when they’re getting so buggy from this heat.”

The hunters return, triumphant, and are greeted and congratulated.

Later, as they sit and eat sea lion around the old park sign, they discuss past hunts.

An older man says, “It’s kind of scary these days, trying to get across rivers when the ice is so thin, even in the middle of winter.”

“It’s hard to get around,” agrees another.  “And I miss being able to go out on the ice to fish.”

“That doesn’t worry me as much as those cruise ships.  Seems like they don’t pay attention to small boats, and they make so much noise, and 
pollute the water.  Sure doesn’t help the hunters.”

“I think the oil rigs are the worst.  They say they’re not spilling anything, but I’ve seen slicks on the water.”

“Well, the government sure isn’t going to do anything about it.”

“We’ll just have to do the best we can with what’s left.”

They all fall silent and enjoy their meat.

As the meal ends, they toss the old sign onto the fire.  The last letters of “Bering Land Bridge National Park” turn black and disappear.
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N O  R E G R E T S  A C T I O N S

Part IV:
Workshop Results, Cape Krusenstern
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Selected Drivers (CAKR)

Drivers as rated for certainty and importance by the CAKR group.
Additional drivers introduced by 
the group:
• Coastal Ocean Current
• Icing events

Selected drivers to explore:
• Sea Level Rise (3”-6')
• Snow (10%-50%)
• Sea Ice (20%40%- 70%)
• Permafrost
• Temperature/PDO

Group decided to use:
• Extreme Storm Events 

(low/high) and 
Temperature/PDO (0*/6*)

70

Driver Level HC Important? 
Temperature  +1 to +6  x   
Precipitation       
     
Wind Speed       
PDO  x  x   
Extreme Events: Temp     
Extreme Events: Precip       
Extreme Events: Storms  x  66%   
Sea Ice  Lg decrease    x 

Snow 
 Inc amt, short 
season x   x 

Freeze-up date       
Ice free season       
River/stream temps       
Length of growing season       
Permafrost  x     
Sea level  x  x  x 
Ocean Acidification X  x    

 

Presenter
Presentation Notes
This group used a slightly different selection process from the BELA group.   “Level” refers to the width of the potential range of a particular driver, which represents a different type of uncertainty from the question of whether or not a variable is expected to change.  “HC” stands for “high certainty” with respect to the direction of change, not the width of range.



Climate Scenarios (CAKR)

Primary matrix 
produced by the CAKR 
group.   Each quadrant 
represents a different 
combination of 
potential future 
temperature (including 
PDO as a factor in 
order to maximize 
variability) and extreme 
storms events.  Details 
of each quadrant are 
described in the 
following slides.
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This matrix is very similar to that produced by the BELA group, although it was produced independently.  Due to this similarity, the two groups conferred regarding which higher-level scenarios to pursue, in order to maximize divergence.



Warm/low: 

“Caribou Melt”

Warm/High: 

“911”

 increase marine shipping

 polar bear population down or on landscape-
level

 drier landscape with vegetation shift to 
shrubs

 increased moose hunting activities

 increased summer erosion

 increase risk to cultural resources

 threat of invasive species

 better caribou habitat

 increased permafrost thaw

 community at risk

 salty lagoons

 increased fisheries

 increase mineral/energy development

 Population wildlife decline

 winter icing and wildlife stress

 severe coastal erosion

 increase spills

 increased need for medical/emergency response

 increased need for evacuation of coastal 
communities

 increase in marine transportation

 increase noise impacts

 increased acidification

 need for “hardened” infrastructure

 increased fisheries

 increased fires

 TEK investment

 change vegetation

 increased dispersal of contaminates

 decrease habitat for montane nesting shore birds

Climate scenarios 1&2 (CAKR)
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Low/Low:

“Tarpits”

Cool/High:

“Chill Out”

 fewer extreme storms
 moderate coastal erosion
 favor status quo of existing management 

infrastructure
 normal maintenance of infrastructure
 similar patterns of transportation, tourism 

and development
 moderate increase in shipping and 

offshore drilling
 little to no change in subsistence resources 

and patterns
 less marine hunting
 more mammal hunting
 slower effect on cultural resources/ 

gradual loss
 shorter winter travel season

 wildlife winter kill events
 increased coastal erosion
 winter travel hazards
 increased impacts to cultural 

resources
 increased spill risk
 need for “hardened” 

infrastructure
 increased energy costs and 

maintenance costs
 increased dispersal of 

contaminants
 decrease habitat for montane

nesting shore birds

Climate scenarios 3&4 (CAKR)
73

Presenter
Presentation Notes
These bullet points were generated in group brainstorming, using the Effects Table as a guide and drawing upon the range of knowledge among participants.



Nested Scenarios (CAKR)

Nested matrices 
produced by the CAKR 
group, showing the two 
scenarios selected.  This 
group briefly fleshed out 
all sixteen possibilities 
before voting to pursue 
the two below.  The BELA 
scenarios were taken into 
account in the voting in 
order to maximize 
diversity.
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CAKR Nested Scenario 1: 
“Chronic Directional Change” (Tarpits in Wheel Spinning)

Implications

Communications & Interpretation and 
Education

• pressure to relax regulations
• competing messages about intensive vs. 

adaptive
• park viewed as impediment to change
• ostracism for community meetings

Cultural Resources
• gradual loss of cultural resources with coastal 

physical changes
• increased ravine erosion

Social/Economic/Community/Subsistence
• demoralized staff
• reduced productivity
• rapid employee turn over
• increased competition for program funding
• loss of marine subsistence
• increased terrestrial subsistence pressure
• civil disobedience (ORV, poaching, camps)
• greater public law enforcement conflicts
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Natural Resources
• habitat degradation
• increased fire frequency and scale
• gradual loss of marine mammals
• change in species composition and distribution 

of fisheries
• increase in non-native species in disturbed 

areas
• pressure for intensive management
• increased contamination from resource 

development
• habitat fragmentation from roads
• degraded wilderness conditions

Facilities/Infrastructure
• increased operational expense to maintain back 

country facilities
• future retrofitting park HQ as permafrost thaws
• employee housing improvements and 

relocation
• thaw lakes developing along the Red Dog haul 

road

Presenter
Presentation Notes
These bullet points were generated in group brainstorming, using the Effects Table as a guide and drawing upon the range of knowledge among participants.



CAKR Nested Scenario 1: 
“Chronic Directional Change” (Tarpits in Wheel Spinning)

Important Management Actions
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• Engage communities in scenario planning
• openness/encourage to co-management opportunities where 

appropriate
• engage staff in identifying solution and incentivize
• develop specialized expertise at appropriate level (park vs. 

region)
• expand community liaison program
• focus interpretation on communication, compelling/engaging 

messages
• cultivate park advocacy at all levels (local!!!)
• develop fire management plans for resource benefits
• advocate for conservation at interagency forums

Presenter
Presentation Notes
These bullet points were generated in group brainstorming, using the Effects Table as a guide and drawing upon the range of knowledge among participants.



CAKR Nested Scenario 1: 
“Chronic Directional Change” (Tarpits in Wheel Spinning)

Research and Information Needs
77

 monitor and research subsistence trends
 future habitat monitoring and modeling
 expanded village outreach and education
 establish a trend
 cooperative resolution to user conflict
 anticipate demand and conflict with increased community 

services
 prioritize exotic species based on success

Other
 ask if interpretation of park purpose is achievable
 co-locate fed/state/local employees (LCC)
 walk the talk of sustainability
 consider feasible renewable investment
 strengthen ties with NPCA and other NGO friends

Presenter
Presentation Notes
These bullet points were generated in group brainstorming, using the Effects Table as a guide and drawing upon the range of knowledge among participants.



Narrative: 
“Chronic Directional Change”

Briefing Statement

Revised: December 3, 2030

To:  Superintendent, Western Arctic National Parklands

From:  Staff Wildlife Biologist

Through: Chief of Natural and Subsistence Resources

Subject: Northern Seward Peninsula Caribou Herd Working Group (NSPCHWG) proposals

The NSPCHWG will meet next week to consider new proposals related to caribou herd protection and management.  Several proposals have already been 
advanced to agency staff as informal suggestions, though not yet been formally submitted to the group for action.  This briefing paper is to provide 
background on the issues, identify topics that we expect to be presented at the meeting, and to explain the basis for current agency positions on this 
issue.

Background: The NSPCH is one of several herds that collectively make up the remnants of the Western Arctic Caribou Herd (WACH), which splintered 
into several smaller populations over the last 20 years.   The NSPCH currently numbers 35,000 animals, or about half of the total remnant WACH 
population.  The WACHonce numbered about 500,000 animals.  Most experts attribute the herd’s breakup to habitat fragmentation, in part due to a 
long series of large-scale tundra fires that devastated much of the suitable winter caribou habitat, possibly confounded by traffic along a maze of new 
roads associated with mineral resource development.   The herd has also experienced a combination of other pressures, such as a gradual long-term 
change in land cover vegetation, periodically severe losses as a result of rain on snow and icing events, and steadily increasing subsistence pressures 
as marine harvests declined with diminished sea ice.    Most of the mineral resource development concerns working in the region have implemented 
voluntary bans on employee hunting in the vicinity of the mines and along haul roads.   While widely supported, these actions have not been sufficient 
to reverse the long term declining trend in caribou numbers. 

Pending Proposals: Several NSPCHWG members have recently fielded calls to discuss the proposals for consideration during the upcoming meeting, 
including a number of increasingly-intensive resource management approaches.  The proposed actions are intended to improve caribou survival and 
condition and increase rural harvest success.  The following ideas have been mentioned as possible proposals: 

 Predator removal

 Phase out of state hunting permits for caribou and other subsistence species

 Expanded enforcement of local subsistence preferences for hunting permits

 Snow plowing to expose winter forage for caribou

78

Presenter
Presentation Notes
Note that narratives are merely one form of output/outreach from the scenarios planning process.  When presented together, the four narratives in this presentation offer a range of stories that bring to life the futures defined in bullet-point form.  In keeping with the scenarios process, no one narrative should be presented as the “official future.”



Narrative: 
“Chronic Directional Change” (cont’d)

 Mechanical reversal of shrub and forest encroachment by chaining (dragging a length of heavy chain or cable between bulldozers moving in parallel)

 Distribution of lichen propagules into recently burned or cleared areas

 Seeding of burned areas with high nutrient annual forage plants (e.g. grains)

 Fertilization to enhance herbaceous growth rates

 Expanded use of calving pens to protect vulnerable caribou cows and calves from predators

 Winter feeding of caribou herds along access roads.  (Note: Winter feeding of caribou herds is apparently more feasible now due recent expansion of 
the road network.  Program costs might be recouped by collection and sale of shed antlers by local youth groups – perhaps junior rangers.) 

 Expanded reindeer ranching and range fencing

Biologist’s Perspective: Biologists from multiple agencies have been monitoring caribou herd status and trends for more than three decades.   
Numerous studies document long-term habitat stress due to directional environmental change.  Caribou are one of many species stressed by more 
than 50 years of cumulative climate change and developmental pressures.  Review of long-term monitoring data by agency botanists, indicates shrub 
encroachment into former lichen range since at least the mid-1950’s.   Annual grasses and several exotic weed species  have also expanded into 
burned tundra.  Research indicates that shrubs, weeds, and annual grasses do not afford sufficient winter forage.  Many areas still dominated by the 
lichen species necessary for optimal caribou nutrition are severely degraded and already over-grazed.   The causative factors of widespread lichen 
decline are actively investigated, and there appear to be a number of contributing factors.   Use of high-sulfur fuels (coal for energy production and 
diesel for transportation) remains problematic despite regulatory controls.   Regional expansion of open pit mining has also complicated efforts at 
controlling fugitive dusts, including heavy metals.  However, regional support for the economic benefits of mineral development and locally-produced 
fuels are strong and increasing.

There is strong scientific consensus that Alaska’s temporary reprieve from the globally-severe temperature rise of the last 30 years is coming to an end.   
Indications are that the Pacific Decadal Oscillation has begun to shift from the extended cold phase that we’ve “enjoyed” for the last 20-30 years into 
a warm phase of uncertain magnitude and duration.   If the coming decades are characterized by rapid temperature increases equal to or exceeding 
other polar areas, then Northwest Alaska can expect extensive and potentially rapid habitat conversion to species more tolerant of warm dry 
conditions and short fire return intervals.

Recommendation: Agency biologists strongly recommend allowing for continuity of ecological processes, biodiversity and evolution, while expanding 
interagency efforts to restore connectivity of migratory routes between fragmented habitats.   Several range biologists have expressed concerns that 
short-term expansion of herd size by artificial means could eventually result in weaker stocks as the available winter range is further degraded.   
Natural predation to remove weaker individuals is an important selective pressure.  Local resistance to this approach can be expected, as it will likely 
be perceived as another attempt by the agencies to stall needed actions by prioritizing intangible wilderness values over the immediate needs of 
community. 
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CAKR Nested Scenario 2: 
“Katrina Comes to the Chukchi” (911 in Riots and Revolution)

Implications

Social/Economic/Community/Subsistence
• Land base shortage for community
• Undeveloped quality degraded
• Clean drinking water needed
• Increase in community collaboration
• Increase reliance on terrestrial species for 

subsistence
• Loss of symbolic resources
• Increased community pressure for policy 

changes
• Transportation more difficult
• Economic drivers (mines, oil, tourism)  shut 

down months
• Temporary disruption of visitor opportunities
• Increased demand for access to information
• Decrease in NPS capacity to manage parks
• Increased noise
• Increase in hubbub, air traffic  decreased 

opportunities for solitude
• Increased need for coordination of responders
• Potential lack of public support to fund 

restoration
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Natural Resources
• Habitat for migratory birds severely damaged
• Loss of iconic native species
• Widespread contamination from lead/zinc dust
• Loss of sea ice as habitat for marine mammals
• Natural biological process becomes increasingly 

more valuable in protected areas of CAKR

Cultural Resources:
• Archaeological resources damaged/lost

Facilities/Infrastructure
• Need for temporary and permanent housing
• Loss of infrastructure (NPS, communities)
• Communications systems severely damaged
• Waste disposal issues
• Port site destruction, fuel and lead/zinc 

contamination
• Oil rigs damaged by wave driven ice

Communications & Interpretation and Education
• Lost TEK from coastal communities
• No coordination in messaging

Presenter
Presentation Notes
These bullet points were generated in group brainstorming, using the Effects Table as a guide and drawing upon the range of knowledge among participants.



CAKR Nested Scenario 2: 
“Katrina Comes to the Chukchi” (911 in Riots and Revolution)

Important Management Actions
81

 Reaffirm park purpose, relevance, and objective for NR and 
CR –current GMP

 Robust consultation process
 Complete interagency strategic plans to address climate 

change and disasters
 Infrastructure that is appropriately designed for location and 

climate change
 Multiple media outreach to local, state, and national 

audience
 Decide in GMP to emphasize naturalness or to allow a 

certain level of manipulation

Presenter
Presentation Notes
These bullet points were generated in group brainstorming, using the Effects Table as a guide and drawing upon the range of knowledge among participants.



CAKR Nested Scenario 2: 
“Katrina Comes to the Chukchi” (911 in Riots and Revolution) 

Research and Information Needs
82

 Conduct research and I&M for critical fish and wildlife 
habitat

 Seamless data collection and sharing
 Coordinate monitoring of coastal erosion
 Prioritize recovery of archaeological sites near coasts
 Archaeological triage

Other
 Complete oral histories and TEK recovery 
 Interagency strategic planning

Presenter
Presentation Notes
These bullet points were generated in group brainstorming, using the Effects Table as a guide and drawing upon the range of knowledge among participants.



Narrative:
“Katrina Comes to The Chukchi Sea”

Testimony to Congress

April 2030

Con Cerne, Superintendent of Western Arctic National Parklands:

Esteemed Senators:

Two months ago, a huge category four storm occurred in the Chukchi Sea with winds reaching 150 miles per hour and sea waves cresting to 30 feet. Open 
leads in sea ice enabled winds and waves to hurl large chunks of ice into oil platforms and fragile coasts with reduced permafrost depth. Oil platforms 
and fuel tanks in coastal areas were damaged and a large oil spill washed into lagoons surrounding Cape Krusenstern National Monument and Bering 
Land Bridge National Preserve. Coastal villages Shishmaref and Kivalina were devastated despite rock walls, and communications in the region, other 
than a few satellite phones, were down for weeks. Landing strips in these communities and hub communities were over-washed and were unusable 
for large aircraft.  Extreme winds demolished large container storage buildings at the Red Dog Mine port facility, and lead and zinc concentrate were 
dispersed over the shrubby tundra.

Native organizations came to the rescue of surviving residents. They organized the relocation and distribution of food, and they were in charge of all on-
site activities. The nearest federal emergency response unit was in the Aleutian Islands, and they were unable to get to the disaster area for weeks. 
Residents of damaged communities relocated to other towns, Red Dog Mine, and to refugee camps both outside and inside the parks, such as 
Serpentine Hot Springs. Park infrastructure in Kotzebue was destroyed, and NPS operations moved to Nome where minor damage occurred. 

Local resident survivors were hired to help with cleanup response, but outsiders were also brought in to help with efforts. Once the storm abated, the 
affected area was declared a disaster and in a state of emergency. The National Guard was deployed via large helicopters. Because of other multiple, 
long-term crises and a monstrous deficit, federal disaster funding was depleted. International press interest was high, but it was difficult to 
accommodate reporters to the disaster zone, so there is little press coverage from the ground. Images are provided via Google Earth satellites and 
over flights. 

Missionaries, Red Cross, and native grassroots groups arrived to help, but conflict arose due to the National Guard’s need to control and contain the 
situation. 

The extreme warming trend has already weakened subsistence resources and cultural traditions. Community members were already frustrated with the 
lack of agency response to conserve subsistence resources, but are now in a crisis mode. Cultural resources were exposed in coastal areas during the 
storm event, and it was alleged that cleanup crews looted resources. 

Migratory birds are expected within a month, but the salt water and oil breach of the lagoons is not yet cleaned up. The remaining musk ox herds near 
Cape Krusenstern and Cape Espenberg were caught in the storm and extirpated.

Local residents question response time and government efforts. Local native leaders have requested funding to flow directly to communities because they 
were the ones best able to manage response efforts. Village and regional Native organizations are also requesting relaxation or removal of all federal 
regulations regarding subsistence activities and assistance with firewood and other fuel sources. China, who has a strong economy, has sent 
messengers offering financial and logistical help in exchange for increased access to natural resources in the region. 
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Narrative:
“Katrina Comes to The Chukchi Sea” (cont’d)

I. M. Smooth, Senior Senator of Alaska:

Thank you Superintendent Cerne. Given our national financial situation and deteriorated conditions in Northwestern Alaska, what do you recommend 
Congress and the Administration do about this disaster at this time and to prepare better for the future? 

Superintendent Con Cerne:

Thank you for the question Senator Smooth. 

First, security of the local populations needs to be established. The Department of Homeland Security needs to step up its presence and work cooperatively 
with local governmental entities and Native organizations.  Contaminated coasts and tundra need to be cleaned up as soon as possible. The National 
Park Service stands ready to help in any way it can. 

Secondly, economic, natural, and cultural resources in the affected area need protection, especially with international presence and interest in the area. 
Rebuilt infrastructure in the area needs to take into account the extreme warming trends with reduced ice cover and increased storminess with storm 
surges. We need interagency strategic plans that address climate change and disasters such as this recent one that incorporate a robust consultation 
process with local communities, industry, and governmental entities in the region from national to local levels. Right now we need to clean oil from 
the most critical fish and wildlife habitat in the coastal lagoons before spring migrations bring threatened and endangered species and important 
subsistence resources back to these areas. We also need to conduct archeological triage for the affected coastal areas. 

In the long run the National Park Service needs to update its General Management Plans for affected area parks to consider climate change impacts and 
reaffirm park purposes, relevance, and objectives, including emphasis on naturalness but allowing for a certain level of manipulation to protect 
threatened and endangered resources, including important subsistence resources for local rural populations. We also need to complete oral histories 
of surviving local residents with traditional ecological and local knowledge before it is lost forever. We need to prioritize recovery of data from 
archeological sites near threatened coasts before they too are lost forever. We need to continue monitoring coast lines and critical fish and wildlife 
habitat because these areas are changing rapidly with the warming and increasingly stormy conditions. Information collected by local, state, federal, 
and international entities in the area need to be shared and seamless because not any one party can complete all of the work for any one species or 
resource.  

Thank you for the opportunity to share our ideas with the Senate. I am certain the U.S. Coast Guard, Fish and Wildlife Service, Bureau of Land 
Management, EPA, State of Alaska, Northwest Arctic Borough, NANA, Bering Straits Native Corporation, Kawerak, Maniilaq, local tribes, and village 
corporations also have much to say along these lines. I certainly hope the Congress can steer some of its precious financial resources in our direction. 
This area is, after all, important to our national well-being and security with its strategic location along popular arctic shipping lanes, extraction from 
large mineral and oil and gas deposits, and priceless wildlife, archeological and subsistence resources. 

I. M. Smooth, Senior Senator of Alaska:

Thank you Superintendent Cerne. Excellent ideas. Next up!
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COMMON IMPLICATIONS

CHOOSING RESPONSE STRATEGIES

COMMON NO REGRETS ACTIONS
Management 

Data and information

NEXT STEPS

Part V:
Conclusions
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Common Implications
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Natural Resources
Loss of biodiversity or unique arctic 
species
Shift of species
Invasive species
Habitat transformation (land, sea, and 
freshwater)
Changes to disturbance regimes
Increase in contamination of water and 
land

Facilities/Infrastructure
Contamination from new development 
and tourism already occurring
Risk to roads, communities, airstrips, 
telecoms infrastructure
Threat to park facilities, infrastructure 
vulnerable
Demand for new infrastructure for 
industry and tourism

Communications
Need for effective collaborative 
communication across agencies and 
communities
Increased need to capture TEK
Inconsistent messages coming to and 
from park

Cultural Resources
Loss of archaeological and 
paleontological sites and associated 
history

Social/Economic/Subsistence
Subsistence use patterns changing
Depletion on marine mammals and 
increasing pressure on terrestrial 
wildlifeincreased conflict between 
terrestrial wildlife users
Loss of cultural traditions and norms
Pressure for more flexible regulations
Pressure for more industry and tourism

Presenter
Presentation Notes
The group as a whole analyzed the overlap between the four selected scenarios in order to find implications, actions, and research needs common to all of them.



Choosing Response Strategies

Hedge 
Your 
Bets

Hedge 
Your 
Bets

Hedge 
Your 
Bets

Hedge 
Your 
Bets

Core

Robust
Satellite

Satellite

Bet the
Farm

Hedge 
Your 
Bets

Hedge 
Your 
Bets

Hedge 
Your 
Bets

Hedge 
Your 
Bets

Core

Robust
Satellite

Satellite

Bet the
Farm

Robust responses are common 
no-regrets actions, but they are 
not the only possibility.  In some 
cases, it may make sense to 
hedge bets to avoid an 
occurrence that appears in only 
one or two scenarios, or to set 
up core and satellite responses 
to deal with variability among 
scenarios.
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Presentation Notes
Selecting appropriate management actions depends on the strategy selected in the face of uncertainty.  Limited funding may mean that only robust strategies can be chosen, but NPS and other stakeholders may also choose to pursue some options that pertain only to one or two scenarios, if the stakes are particularly high.



No Regrets Actions: 
Management

 Revisit park mandates

 Improved interagency collaboration and planning

 Improved integration of traditional knowledge into science, 
planning and management

 Increased flexibility in management, direction, principles

 Long range adaptive planning to conserve limited funds

 Develop good outreach tools for diverse audiences 

 Find funding partners and make efforts to find such 
partners
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Presentation Notes
“No regrets actions” refer to robust strategies, and illustrated in the previous slide.



No Regrets Actions:
Research and Information

 Develop research proposals for projects that address 
research needs identified through CCSP

 Create and maintain coordinated seamless data collection 
and sharing

 Robust I &M program focused on critical resources and 
habitat

 Identify creative strategies to cross interdisciplinary 
boundaries

 Encourage interdisciplinary coordination with feedback 
loops and partnering

 Data recovery of archaeological/paleontological sites
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Presentation Notes
Note that many of these suggested actions and needs are heavily reliant on increased collaboration and sharing.



Next Steps

Teleconferences and webinars to 
confirm results and fill in gaps

Discussion of how to turn plans (no 
regrets management actions) into 
concrete actions

Development of outreach tools and 
information, including final report

Dissemination of scenarios and 
explanations of the process and results 
to a broad audience

Feedback from a wider audience

Linkages with planning for other park 
networks

The scenario planning 
process doesn’t end 
with “SYNTHESIZE”
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Presentation Notes
As a final reminder, the process defined and started by this workshop is only the beginning!
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