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Overview
Gates of the Arctic Park and Preserve (GAAR) and the Noatak National Preserve (NOAT) are national treasures protected in the interest of the public for future generations and the common good.  The Noatak River and its surrounding watershed is an internationally recognized UNESCO Biosphere Reserve, established for its unique contribution to the conservation of biological diversity and biological resources (UNESCO 1976). The first step in conserving biological diversity is to conduct baseline surveys using an “ecosystem approach” to better understand species present, community composition, species of concern, and the ecosystems that sustain them (Secretariat of the Convention on Biological Diversity).  The United States government officially supports the suggested recommendations of the Secretariat (CBD SBSTTA 9 2003).  

Understanding and forecasting the impacts of current and future change on biodiversity and ecosystem function in the Noatak Basin will depend on understanding the ecosystems of this unique and relatively undisturbed area. Except for a few isolated studies (Young et. al. 1974, LaPerriere 1999), little is known about the current geographic ranges of most aquatic species in the arctic parks.  Virtually nothing has been reported about the incidence of thermokarst formation in the Noatak River watershed; the only available information is anecdotal.  Elsewhere in Alaska and the Arctic in general, thermokarst formation has been observed to be increasing.  Further more, during the 2005 Upper Noatak Freshwater Resources Inventory and Monitoring field campaign, collaborators (including the PI on this proposed workplan) noted substantial thermokarst formation in the reaches of the main-steam Noatak River from 12-Mile Slough to Lake Matcharak.

For the 2006 field season we propose to collect baseline data on characteristics of thermokarsts in the Feniak Lake region of the Noatak National Park and Preserve, as a component of the 2006 Freshwater Resources Inventory and Monitoring field campaign.  This information will be used to determine if it is possible to develop algorithms that can automatically identify thermokarsts from remotely sensed data sources.
Background 

Recent summaries of international research clearly document the past and future extent of climate warming in the Arctic.  In the decades between 1954 and 2003 annual average temperatures in the Arctic rose ~1oC and average winter temperatures increased 2-4oC.  Results from general circulation models (GCMs) suggest that average annual temperatures in the Arctic may rise a further 3-5oC and winter temperatures may increase by 4-7oC.  These models also suggest that precipitation may increase 20% over the Arctic as a whole and up to 30% in coastal areas during the winter and autumn.  These are important changes that will have large impacts on Arctic systems.  Of particular interest to our research is the near certainty that large areas of permafrost will thaw.  Permafrost across the Arctic has already warmed by up to 2oC and projections are that 10-20% of the area currently occupied by permafrost will thaw in the next 100 years, shifting the permafrost boundary 100’s of kilometers north.  It is well recognized that permafrost thawing will lead to increased development of thermokarsts, with severe impacts on civil infrastructure (e.g., roads, railways, and buildings).  However, the ecological impacts of increased thermokarst are relatively poorly understood and may be important.  In recent years we have noted a substantial number of fresh thermokarsts in the foothills region around the Toolik Lake Field Station and in the upper reaches of the Noatak River, two areas that we have examined intensively.  We wonder whether new thermokarsts are wide-spread in the Arctic Parks and whether their frequency of formation has increased. 

General approach for FY2006
The Feniak Lake site was selected as the primary focus for the 2006 field effort because there is a wide diversity in the surficial geology of this area, from ultra-mafic formations, to non-carbonate and carbonate-rich characteristics.  Recent research in the Noatak River watershed (Jorgenson et al. personal communication) indicated that there was a strong association between these surficial geology classes and nutrient (especially phosphorus) availability, such that vegetation vigor decreased in the order non-carbonate > carbonate > ultramafic.  We propose to collect baseline data on aquatic ecosystems distributed among these surficial geology classes and examine whether related trends are apparent in the characteristics of the freshwater resources (lakes and streams) that drain these formations.  We will also examine whether thermokarst features are more or less frequent in the different lithologies.

The goal of this project is to assess the spatial and temporal frequency of thermokarst activity in representative areas of the Arctic Parks, as a basis for future comparisons.  We propose to focus on the Noatak River watershed because it is a major, undisturbed waterway that has substantial ecological and recreational importance and because it spans several of the Arctic Parks.  We propose 3 primary research objectives to address this central hypothesis:

1. Survey the spatial distribution of thermokarsts in representative regions of the Arctic Parks.

2. Characterize the physical attributes of thermokarsts in this area (size, slope location, aspect, etc.)

3. Identify potential means to automatically identify thermokarsts from remote sensing imagery.  

The purpose of these objectives would be to develop the foundation required to do a quantitative spatial and (ideally) temporal analysis of thermokarsts in the Arctic Parks.  The proposed objectives could be achieved in one year.  The more extensive spatial/temporal analysis would be done in a future year, as funding allows.

Research on this subject is important as a direct input to our understanding of the ecological functions of Arctic ecosystems.  However, this research has broader implications for climate change research.  Given that rivers are the conduits that link land to the ocean, then processes near and within streams that modify material transport must be important to understand how runoff from land affects oceans.  Furthermore, if climate change significantly alters nutrient and sediment loading from Arctic landscapes to streams, then there may be important impacts on the transport of materials from land to the ocean, which this research would begin to address.  These studies are essential therefore, to provide data and knowledge that will be of use to other scientists, policy makers, and resources managers.  

Bear safety, gun training, and B3 training will be taken by all members of the 2006 field crews.  In addition, several members of the team will have helicopter manager training.  Leave no trace and safety training will be emphasized and wilderness/ backcountry ideals will be upheld.  At least one person is certified as a Wilderness First Responder.
National Park Service Substantial Involvement

National Park Service staff will be substantially involved during all phases of this project.  Staff will provide logistic support and field equipment; and will be in the field with cooperators.  In addition, NPS staff will co-author reports and peer-reviewed articles, coordinate project-related meetings and workshops, and will serve on graduate student committees.
Specifically, the following are the respective roles and joint responsibilities of the NPS and The University of Vermont in conjunction with work conducted under the auspices of this Cooperative Agreement.

A.
The NPS agrees to:
1. Provide financial assistance to University of Vermont and cooperators through the “Great Lakes Northern Forest Cooperative Ecosystem Studies Unit Task Agreement”
2. Assist the University of Vermont in the planning, development and implementation of the project.  Provide scientific expertise for management and organization of the project. 

3. Provide field and logistic support before, during and after the field component of the project.
4. Provide non-science field equipment support (e.g., canoes, tents, communication equipment, GPS locating equipment, safety equipment, in-field air transport)
5. Assist in the field (including providing a park liaison for interactions with the public).

6. Provide University of Vermont with guidance on technical report specifications.

7. Collaborate in developing and overseeing student theses and reports for the project (including serving on students committees).

8. Organize and attend meetings and conference calls in order to synthesis data and develop reports for the project. 

9. NPS ARCN Coordinator will participate in writing/editing final drafts and will be responsible for submitting reports and papers for peer review.

B.
University of Vermont agrees to:

1. Assign Dr. Breck Bowden as Principal Investigator (PI) for the project.
2. Develop a detailed work plan describing anticipated products and timeline for delivery of the same (see below for more details).  Each product will be delivered in draft and final form for review according to NPS Peer Review Guidelines.  Hire and field necessary staff to conduct this work and complete products as described below.
3. Work closely with NPS Inventory and Monitoring staff to complete the project.
4. Implement project and deliver products in accordance with timeline laid out in the final draft of this scope of work (see below).
5. Provide NPS with all data (tabular and spatial data) to be served on the password protected ARCN webpage.
6. Include the ARCN network coordinator on all publications related to the project.
7. Provide final, approved products by September 30, 2007.
8. Participate in meetings and scoping workshops with NPS and other scientists as needed and mutually agreed upon. 

C. The subcontracting institutions agree to:

1. Assist the University of Vermont and the overall project with items B2-B8 above.


2. In the case of the Colorado School of Mines: participate in the field sampling effort and lead the effort the physically characterize the thermokarst features.


3. In the case of the University of Alaska-Fairbanks: participate in the field sampling effort and lead the efforts to sample biogeochemical characteristics of selected thermokarsts and explore ways to automatically identify thermokarsts from remotely sensed information.

Study area
We propose to sample thermokarsts within twenty miles of Lake Feniak base camp in the Noatak National Preserve focusing on high contrasts in lithology and re-sampling 1974 and 2005 survey lakes and streams as part of an aquatic monitoring and assessment effort for the National Parks Service.  Our focus will be on sampling parameters that could be used as indices for monitoring ecosystem change, and that integrate various aspects of ecosystem function.  Other documents relevant to this sampling plan include:

· Science Plan entitled “Aquatic Biodiversity, Community Composition and Ecosystem Processes in Gates of the Arctic National Park and Preserve and the Noatak National Preserve”

· NPS will apply for a categorical exclusion (see NEPA documents) for this project as there will be no significant effect on the ecosystems of interest to complete this project and comply with NPS standards.
· Trip planning maps and other documents produced by the Toolik Lake LTER at the University of Alaska – Fairbanks and accessible at http://www.uaf.edu/toolik/gis/TFS_GIS_noatak.html 

The Thermokarst team will be organized into two, two-member field teams to collect information about thermokarsts from four different watershed types in the Feniak Lake region.  The group plans to inventory all thermokarsts observed during reconnaissance surveys and to sample in detail 2-4 thermokarsts on each of the following lithologies: ultramafic, quaternary glacial deposits, quaternary noncarbonated and sedimentary noncarbonated areas.  This will yield detailed information on 8-16 thermokarsts.   

The ultramafic area is northwest of Feniak Lake extending 15 miles north into the Anisak River watershed.  High calcium, magnesium, iron and selenium along with low phosphorus concentrations are expected.  The quaternary glacial deposits surround Feniak Lake and extend 15 miles northwest into the Anisak watershed.  The quaternary non-carbonate, glaciolacustrine area ranges from 3 to 20+ miles south of Feniak Lake.  The sedimentary noncarbonated area ranges from 5 to 25 miles west of Feniak Lake.  
Logistics

The Thermokarst 2006 field work is scheduled for July 23 – July 29.   The 2006 field crew will deploy from Bettles Alaska to Feniak Lake by single engine float plane.  Helicopter support will take over from Feniak base camp to transport teams of two on daily sampling trips to the target lithologies at sites within about a 30 mile radius of the Feniak Lake home site.  
Careful consideration has been paid to the amount of flight time spent and fuel used by the helicopter.  Regulations on flying time associated with a R44 helicopter include: 8 hours per day and 2 days off per 14 days of flying.  Fuel limitations include 6 miles per gallon with a 50-gallon tank.  Maximum range is 400 miles (3.1 hours).  Weight and crew limitations include two people per trip and weight limit for passengers and gear is 500-600 pounds.


Estimations of helicopter usage by the Thermokarst team was calculated as follows.  We assume that there will be one, 2-person crew that takes a 30-mile (maximum) reconnaissance round trip each day for 4 days (3 full days and 2 half days).  There will be no touch downs on this flight.  Following the reconnaissance flight two, 2-person crews will deploy to different thermokarsts for ground sampling.  Time and weather permitting, these two crews will shift to one other representative thermokarst before returning to base camp.  This will entail a drop off, a shift, and a pick up for each 2 person field crew per day.  We estimate the total in-field helicopter landings to be approximately 4 landings per day outside the Feniak Lake Camp Site Area.  . 
Specific Methods
Landscape characterization, classification and analysis


This information will be developed by the 2006 Noatak River Freshwater Inventory and Monitoring effort and will be directly useable by the Thermokarst team.  The thermokarst team will add to this resource by collecting site-specific ground truth data at each thermokarst included in the field assessments.  Sets of photographs documenting a) physical characteristics and b) positioning relative to larger, identifiable landforms will complement Total Station survey data and GPS coordinate positioning to drive a method study using multi-temporal satellite imagery to identify and locate developing thermokarsts.


The remote sensing method study will employ Synthetic Aperture Radar (SAR) data, primarily from the RADARSAT platform, to identify and locate new thermokarst development using change detection techniques.  Specifically, seasonal backscatter means and variances will be calculated for each growing season from 1998 – 2006.  A statistically significant spike or drop in mean, summertime backscatter values is expected to accompany thermokarst development due to associated changes in surface geometry, texture and water content.  Flagged candidate sites will be analyzed against field data to determine the utility and reliability of the method for long-term thermokarst monitoring.

Field work
We propose 3 primary research objectives to address this central hypothesis:

4. Survey the spatial distribution of thermokarsts in representative regions of the Arctic Parks.

a. Fly transect identifying thermokarsts

b. Go back to subset of thermokarsts, stratify by class ‘type’

5. Characterize the physical attributes of thermokarsts in this area (size, slope location, aspect, etc.)

a. GPS location

b. Size, hillslope aspect, cardinal orientation

c. Length-to-width ratio

d. Location in toposequence

e. Apparent failure mode: tunnel gully, slip fault

f. Slope

g. Failure depth (total station)

h. What is the deepest soil layer exposed: organic, mineral soil

i. Apparent age: state of re-vegetation – bare, grasses/Equisetum, forbs/shrubs

j. Acetate smell?

k. Direct connection to stream

l. Sample sub-soils for T-CNP and C-isotopes
m. Water samples for total dissolved NP, TSS, and 14CO2


6. Identify potential means to automatically identify thermokarsts from remote sensing imagery.  

The spatial survey (Objective 1) and characterization of physical attributes (Objective 2) could be accomplished in conjunction with separately funded work on the freshwater resources of the Arctic Parks which is scheduled to occur in the 2006 field season.  Similarly, preliminary work on the feasibility of using remotely sensed information to automatically identify thermokarsts could be done in conjunction with related spatial analyses that will be completed as a part of the freshwater inventory and monitoring work in 2005/2006.
List of Deliverables and Schedules

· 1-2 page summary of the 2006 field work (by September 15, 2006) to be written in a format that can be communicated to NPS managers and budget management officials.  

· detailed preliminary report (February 1, 2007)

· final report including data analysis and GIS coverage for portions of the Noatak National Preserve sampled (September 1, 2007).  All data (tabular and spatial) will be archived with metadata accessible through the NPS ARCN website.  Copies of all data and field notebooks will be also archived by NPS. 
Final copies of all reports and papers published from this work should be sent to the Arctic Network Coordinator for distribution to the park and regional offices.
Detailed Budget

Invoicing and Billing  

NPS will provide financial assistance to the University of Vermont, not to exceed  a $54,729  Upon receipt of a fully executed task agreement, UVM will bill the NPS for $27,365 (50%) to allow contracts to be written to additional collaborators and for the purchase of supplies and equipment for the field component of the project.  

Invoices should be submitted for payment on Standard Form (SF) 270, Request for Advance or Reimbursement, to the NPS Research Coordinator and at the convenience of the University, but not to exceed quarterly.  The request for reimbursement shall be accompanied by a breakdown sheet showing cost in each budgetary item and shall be addressed to:

Jerrilyn Thompson

Great Lakes Northern Forest CESU

University of Minnesota

115 Green Hall, 1530 Cleveland Av N.  

St. Paul, MN 55108

Tel: 612-624-3699

Fax: 612-625-5212

thompson@umn.edu  -or- jerrilyn_thompson@nps.gov
Payment will be made via electronic funds transfer directly to the University’s account at their financial institution.

Budget    

	a.  Personnel
	 
	$ 4,722

	b.  Fringe Benefits
	$1,889 

	c.  Travel
	 
	$1,875 

	d.  Equipment
	 
	$0 

	e.  Supplies
	 
	$0 

	f.  Contractual
	 
	$44,758 

	g. Construction
	 
	 

	h.  Other
	 
	$0 

	i.  Total Direct Charges  (sum of 6a-6h)
	$53,244 

	j.  Indirect Charges
	$1,485 

	k.  TOTALS   (sum of 6i and 6j)
	$ 54,729  


�New Cooperative Agreement required





