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Figure 1. Just another day on ice…
Collaboration with Rick Krishfield, Kazu Tateyama and Kohei Mizobata lead to another season of optimal, multi-tasking ice station success. We are grateful to Erik Thibault of the Canadian Ice Service for bringing a wealth of knowledge, experience, and humor into our observation program. Information Technology Specialist Scott Follett was instrumental to our success by resolving seemingly insurmountable webcam connection problems. Finally, we would like to thank all of our eager volunteers who helped to optimize our efficiency and productivity during ice visits. 

Our program consists of multiple activities: Hourly ice observations from the bridge, helicopter reconnaissance flights, on-ice sampling, buoy deployment, collaborations with other participating scientists, and volunteer training. Ice observations recorded during the Louis S. St. Laurent 2010-07 cruise will provide detailed information for the interpretation of satellite imagery of the ice pack. Our objective was to identify the major sea ice zones in the Beaufort Sea and determine the types and state of ice in these areas. The observations collected will be useful for investigating the evolution of the ice cover over the last five years when used in conjunction with satellite and buoy data. The ice camera images we collected, in combination with visual ship and helicopter-based observations, will also be used to develop an autonomous camera-based ice observation system. Our ongoing participation in the JOIS cruises since 2006 has been vital in working towards a satellite validation project and the development of a standardized ship-based sea ice observation program.

The cruise occurred September 15 to October 15, 2010, providing a perspective of the last days of seasonal melt and the start of freeze-up throughout the Beaufort Sea. Attention should be given when comparing the 2010 data to the results from the early years 2006-2008. Both the 2009 and 2010 cruises were conducted a month later in the season than the previous cruises and therefore we experienced the onset of freeze-up of the sea ice for the entirety of the cruise track.  

Observations from the Bridge: Methodology
While traveling in ice, one or both observers were present on the bridge. A typical observation includes a three-stage process. The first stage starts at the top of the hour and involves recording sea ice conditions and gathering ship data from bridge instruments such as latitude/longitude location, navigational details, and meteorological data onto the observation datasheets. The second stage involves taking photographs from monkey island (the outside deck above the bridge), web camera maintenance, and observing sky conditions. The final stage of an observation requires data input and webcam monitoring, both of which can be accomplished from the chart room or from the private berth. Often the observer/s remain/s on bridge beyond the designated observation time to further study the sea ice conditions, discuss the evolving science plan, and gather input from others present who have witnessed interesting features, wildlife, etc. 

A combination of ASPECT (Worby & Alison 1999), Standard Russian, Canadian Ice Service and the WMO sea ice codes were used to describe ice conditions. The codes are described in detail and available as an appendix to this report. During each observation period we estimated the total ice coverage within 3km of the ship (when visibility allowed), the types of ice present and the state of open water. For the primary, secondary, and tertiary ice types we recorded the percent coverage, thickness, flow size, topography, percent sediment coverage, extent of algae presence, snow type, snow thickness and stage of melt for each type. Other types of ice present that were at lower concentrations than the three main types were also documented. We observed basic meteorological phenomena of cloud coverage and type, visibility and precipitation. 
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Figure 2. View off the port side of monkey island during an observation.
Each of these issues played a significant role in the data collection of this cruise. Given the limited daylight while en route, hourly observations were reduced to a roughly 10-hour window, 9am (1600GMT) to 7pm (0200GMT).  When on station, observations were suspended. For the transits which occurred during dark hours, we do not have hourly observations or photographic records, however, web camera images were adjusted to capture ice conditions when appropriate artificial lighting and weather conditions allowed. 
As we did not have a continuous ice watch, the observations should not be used alone to estimate ice type coverage on scales smaller than 100km. The ship track and speed will introduce a bias into the type and thickness of ice overturned. Hence, although the observation of thin and medium first year ice may be accurate, thicker first year and multiyear ice will be underrepresented in thickness estimates. Poor visibility affects the area of ice observed, and could compound ship track bias in spatial coverage estimates.

It should also be noted that flat light conditions hinder the estimation of ridge height. 

We found that the photographic record helped in consistency checking of the bridge ice observations. We placed two webcams on the monkey island to record ice conditions automatically. In addition, we continued to take routine hourly photographs from monkey island for consistency checks and the opportunity to capture specific features of the ice.
Webcam Imagery
Webcams have been an integral part of the IARC sea ice observation program for multiple seasons. The images serve to supplement the hourly visual in-situ observations made from the bridge while traveling in ice. Frequency of image capture is altered by changing the settings manually via the software program. Images are stored on the ship’s NOAA server in the IceCameras folder of the S-drive. The forward-looking camera (1) is trained on the bow of the ship, with the ship shown in the lower quarter of the image, the ocean and ice set in the center half, and the sky bordering the upper quarter. The port-side camera (2) is positioned to capture dynamic ice movement and rolling that occurs when the ship passes through ice. In the view, the ice thickness pole with 10cm color band measurements which is secured perpendicular to the ship, as well as the passive microwave instruments from Dr. Tateyama’s study can be seen. Both cameras are the netcam XL from Stardot Technologies.
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Figure 3. New ice caught on Cam1.
          
          Figure 4. Cam2 image with thickness pole and PMRs. 
Comments on Webcam Operations
The webcam system requires initial set-up and installation, then programming via the main frame computer or a laptop with access to the ship’s net. The cameras are unpacked and electronic connections and camera operability is tested while inside the ship. Once the cameras are properly recording, the installation includes mounting the cameras on the rail of Monkey Island and running the cables into the ice observer’s office. Typically the cables are run through the window and into the net board. During the 2010 cruise, one camera needed to be run through the chart room window and into a separate drop due to a suspected failure in the camera’s electronics. The decision to link the cable to the drop was made by IT Scott Follett. Further details of the technology, installation and photo archiving are available as an appendix to this report.
The cameras can be accessed via the ice observation program laptop in the chart room or from a personal laptop linked to the ship’s net in a berth. This flexibility allows for real-time adjustment if ice conditions become more interesting based on ship speed, varying daylight or weather conditions. Also, capture frequency can be reduced if the ship is on station or steaming through open water.
Due to the forward exposure of the camera 1, close attention should be made to the clarity of the case window. It is common for freezing rain and snow to accumulate and cause poor image capture. The icing can be easily removed by soaking a soft sponge with hot water and holding it to the frozen case window until it is completely melted. We have found that a sponge and approximately 1-2cups of hot water from the tap works well. On occasion, the port-side camera window collects rain or fog droplets which are easily wiped clean for an improved image capture. 
Both camera cases have ventilation that unfortunately allows drifting snow and moisture to condense within the housing and occasionally effect image capture and electronic connections. These openings can be filled with paper towels and sealed with duck tape.

Aerial Ice Observations
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Figure 5. Raftted nilas and grey ice as seen from the

Final helicopter reconnaissance flight on 13 Oct, 2010.
Ideally, the flight would maintain an altitude of 2,000’ to provide a wide horizon, yet observable sea ice and ocean detail. The electronic record of the flight, including GPS waypoints along the route for where photos were taken as well as other details of the flying conditions and comments about the ice is available on the end of cruise data disk. Typically, the CIS ice specialist posts the resultant recon map to the science of public drive, making a digital copy available for reference. We participated in seven ice reconnaissance flights during this cruise. 
Comments on Aerial Ice Observation Operations
Given that each flight has unique objectives, the IARC observer needs to be able to adjust expectations and equipment, if required. Adverse weather conditions or ship logistics may alter the flight plan, resulting in extended or shorted flight time, reduced altitude, or unplanned delays on the ice. For these reasons, participants always pack additional clothing and safety gear, as well as back-up batteries and observational supplies. On occasion, the IARC observer is invited to assist with buoy recovery reconnaissance or an ice floe selection buoy deployment. These flights are equally valuable, as they provide better perspective to the ice conditions surrounding the area of interest. When flying in areas of low ice concentration, the CCGS requires passengers to wear the orange neutral buoyancy flight suits provided by the ship. There are only 3 suits available, and the sizes are restricting for most guests. It would be helpful to increase the number of suits in stock on the ship and to acquire more size options. 

On-ice Sampling and Measurements
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The IARC ice team field plan document is presented to the captain and chief scientist prior to meeting with all the ship and science crew which are involved with the ice station planning. Critical information is provided for topics such as general goals, sampling plan, mock scenarios, operations, equipment, team member names and contact info, location selection, activities, personal gear, and the pre-deployment safety briefing. The full document is available as an appendix to this report.
Floe thickness transects and ice core samples are conducted when the IARC team is invited onto ice floes typically chosen for WHOI buoy deployments. The general goal is to provide characterization of the floe by completing one or more ice thickness survey drill transects and sampling ice with a 9-mm corer at multiple locations. While working in tandem with the KIT/TUMSAT crew who are walking with the EM31SH sensor, drill holes are made at 10-meter increments at depths up to 8 meters along the line to help validate the EM. The locations of ice core sampling sites are selected based on conference with the EM crew and the objective of sampling various thicknesses (preferably up to 3m) or ice types found within the ice station. The drill-hole data is recorded as a series of depths along the line, with details of total ice thickness, freeboard, snow cover, and a GPS waypoint. 
The core sample data includes identical records as well as photographs of each core section, temperatures at 10 cm intervals, and measurements of 10cm sample sections which are bagged and transported to the ship for further processing. Once melted and measured for volume, salinity, and conductivity are recorded using a YSI handheld salinometer. Density is calculated from these parameters.
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Research Method Total Count

Visual Observations from Bridge 84

Visual Observation Photos 487

Webcam Images 16,176

Helicopter Reconnaisance 7 22-Sep 26-Sep 1-Oct 2-Oct 6-Oct 8-Oct 13-Oct

Recon Photos 654 132 200 95 155 27 40 15

Ice Stations 4

3-Oct 

ITP35

4-Oct 

ITP42

7-Oct 

ITP43

8-Oct 

ITP44

Thickness Transects 1 2 1

Ice Cores 7 2 2 3

* Observations, photos, and ice sampling data available as appendices.



Opportunities on every flight - thanks!

21-Sep thru 6-Oct

All

All

Comments Date

Low count due to limited ice days(hours) & daylight hours

Attempted to optimize count when possible

Capture rate varied, still some dark hours recorded

Collected with Olympus and Canon



Opportunity on every ice station - thanks!

Collaborated w/EM & snow; WHOI patient on ITP44

Utilized volunteers for more samples


Table 1. Summary of sea ice research methods and data collected during JOIS 2010-07
The field team has a minimum efficiency of two persons. However, when human resources are available and logistics allow, volunteers from the science crew are assigned to either the drill or core team. Another factor dictating the breadth of the on-ice program is time allotted for the ice station. The briefest visit can last less than two hours if conducted during a single ITP deployment. Typically, this ice station occurs first in the science plan and is a great opportunity for the field team to test equipment and practice a safe, efficient routine. Optimum conditions can occur when there is a multi-buoy site, or Ice Based Observatory (IBO), which can last up to 8 hours. During these ice visits the data collection is exponentially increased, as the volunteer crew can employ as many as 5 additional assistants. The IARC team was able to participate in 4 ice stations – two ITP and two IBOs. After the first visit, volunteers were invited along to assist with the on-ice measurements. 
Comments on Ice Station Visits

Generally, the plan for a station is decided up to a day in advance, allowing for complete preparation of gear, supplies and volunteers. However, it is not uncommon for an ice visit invitation to occur in a shorter time frame, thus emphasizing the need to always have the gear clean and packed for immediate departure. Additional fuel in a spare jug, duplicate ice core sampling supplies (bags and buckets), and a complete personal day pack should always be stored in the helicopter hanger amongst the field gear staging area. 

During this cruise, ice stations were sometimes limited by small floes and ice which was weathered or thinner than ideal thickness for buoy deployments and other on-ice operations. It should be noted that while field party safety was never threatened, some stations required well-coordinated communication and mutual respect and trust amongst the participants. We would like to recognize the patience and willingness of the captain and ship crew, as well as the WHOI and KIT/TUMSAT teams to collaborate in these adverse conditions to help all aspects of scientific research achieve their respective goals.
Volunteer Training
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Figure 9. Volunteers huddle after a successful day.
As the learning and experiential curve is steep for people new to sea ice field work, and the brief time allotted to the sea ice team is extremely valuable, it was a tremendous relief to have the seasoned crew of Kelly Young, Mike Dempsey, Sarah Zimmermann and Kenny Scozzafava willing to lead teams at the ice stations, as well as Kohei Mizobata and Kazu Tateyama stepping in when needed.
Synopsis of Ice Types along Cruise Route
The IARC team maintained a blog during the research cruise, posting reports and photos of the activities and ice conditions experienced along the cruise route. It can be accessed via the IARC expedition blog: http://www.iarc.uaf.edu/expeditions/?p=640
Although the expected diffuse ice edge of late-season ice pack in the Beaufort Sea was observed, we encountered an anomalously low concentration in the study area along with consistent new ice formation. Just days into the cruise, the year’s minimum Arctic sea ice extent was calculated to be the 3rd lowest in the history of the satellite record, dating back to 1979. For the Beaufort Sea region, this manifested with the loss of not only the dominant first-year ice formed over the winter of 2009-10, but the loss of multi-year ice that had previously transited southwest from the Canadian Arctic.

For most of the cruise, the ship traveled through ice conditions which were dominated by new ice, spanning the spectrum from frazil and grease to young grey forming mostly in wide leads or areas of low concentration of medium-sized floes. Multiyear ice was relatively scarce along the cruise ship track and surfaces were freezing. The highest concentration of multiyear ice was in the Southeast quadrant of the cruise (South of 75N/ East of -145W), in predominantly small and medium floe sizes. Occasionally, the ship encountered multi-year ice in the Northeast quadrant (North of 75N/East of -145W). Very little ice was encountered in the Southwest quadrant, along the southern 150W line. Due to the greater presence of new ice along the planned ship track, navigation was easy, as the ship avoided multiyear ice and areas of mixed ice with high total concentration. The dominant ice type encountered throughout the cruise was thick young grey ice, 15-30cm thick.
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Figure 10. Brash ice, broken small floes, and new ice is seen sorted along the marginal ice zone.
Unfortunately, this means that some of the hourly observations taken during this period are not wholly representative of the 3km area of interest surrounding the ship. In these cases, the adverse conditions are noted and a greater length of time and distance of travel from the top of the hour is considered before completing the observation.  A few helicopter reconnaissance flights were made to view conditions ahead of the ship, however, many were for selection of ideal ice station floes and were relatively short in distance, or they were conducted in poor visibility which hampered quality ice observing. 
We would like to extend our appreciation to Captain Marc Rothwell, helicopter pilot Chris Swannell and the crew of the CCGS Louis S. St-Laurent for making these ice observations and sampling excursions possible. Big thanks to Chief Scientist Bill Williams for coordinating unlimited access to the bridge, helicopter reconnaissance flights, and on-ice station participation for our team.





Comments on Bridge Observations


Ideally, the program aims to take consistent hourly observations throughout the 24-hour cycle each day of the cruise; however, cruises conducted late in the melt season  and/or early freeze cycle inherently reduce the number of possible observations due to seasonal loss of daylight, travel and stations in open water, prolonged periods of time on-station, and unpredictable logistical issues. 





When invited onto ice reconnaissance flights, an IARC ice observation team member typically sits behind the CIS ice specialist, allowing for full-window access for photography and ice observations. In addition to personal supplies in a day pack positioned behind the front seat, the IARC observer conducts sea ice surveys with a digital camera, handheld GPS unit and clipboard to complete the flight observation form.





Figure 7. Heidi Isernhagen records data from a core sampled from the ITP44 floe.





Figure 6.  A view down the ice thickness transect at the first ice station, ITP35 floe.





A preliminary training for volunteers was conducted approximately a week before the first ice station. Topics covered included ice sampling goals, research methodology, gear familiarization, equipment operation, safety awareness and field etiquette. The volunteer program provides opportunities to access the sea ice and learn about field research techniques, and in turn ideally increases the volume of data from each ice station.





Visibility posed a problem for both ship navigation and ice observation from the bridge. Persistent low-level fog and overcast skies lead to reduced ship speed.  This ensured safe detection of thicker ice, but also a biased route through thinner, first year ice. Officers on watch relied on the icenav system to identify leads to avoid breaking floes.
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