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1. INTRODUCTION (I.Polyakov and I.Dmitrenko, IARC) 
 
 NABOS (Nansen and Amundsen Basins Observational System) is one of the major 

International Arctic Research Center (IARC) initiatives. NABOS is a full-scale long-term 

program aimed at providing a quantitative observationally based assessment of 

circulation, water mass transformations, and transformation mechanisms along the 

principal pathways transporting water from the Nordic Seas into the central Arctic Basin. 

The scientific objective was widely recognized as significant  - to measure water 

properties along the principal pathways transporting water from the Nordic Seas into the 

central Arctic Basin. The scope of the field problem clearly calls for international 

cooperation/coordination, a task commensurate with an international center. NABOS is 

currently conducted jointly by the IARC, the Institute of Marine Science (IMS), and the 

Arctic and Antarctic Research Institute (AARI), Russia. By now NABOS has become a 

major IARC initiative.  

 The primary monitoring tool of the NABOS program is the series of moorings placed 

at carefully chosen locations around the Arctic Ocean. Time series obtained from these 

moorings will allow separation of synoptic-scale signal (e.g., eddies, shelf waves) from 

longer-term climatic signal. Located along the major pathways of water, heat, and salt 

transport, such moorings should capture climatically important changes in oceanic 

conditions. The NABOS moorings will operate for one year at a time, with replacement 

every year. A gradual increase in the number of moorings is planned, from two 

deployed in summer 2002, to the full-scale monitoring system after several years. 

This report describes field research during the oceanographic cruise NABOS-03  

aboard the Icebreaker “Kapitan Dranitsyn” in September 2003.  It was the second 

NABOS expedition.  The overarching goal of the 2003 field program was to characterize 

the oceanographic, ice, and biological conditions in the northern part of the Laptev Sea 

in 2003.  In addition, moorings were deployed and recovered.  

 
2. RESEARCH VESSEL (I.Dmitrenko, IARC) 
 
 The Russian icebreaker “Kapitan Dranitsyn” (Figure 2.1) has been chartered by the 

University of Alaska Fairbanks to carry out oceanographic research over the continental 

slope of the Siberian Arctic shelf. The ship is under the operation of the Murmansk 
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Shipping Company located in Murmansk, Russia. I/B “Kapitan Dranitsyn” is a powerful 

conventional propelled ice breaker, constructed in 1982. It was intended for working in 

the conditions of the Northern Sea Route and the Baltic Sea. The vessel was built at 

Wartsila Shipyard, Helsinki, Finland; on December 2, 1980 she was accepted by the 

crew and registered under Russia’s flag. In 1994 the icebreaker was remodeled in 

Finland; later she was reequipped for passenger operations. In 1999 she was updated 

in Norway and got a passenger vessel certificate. The icebreaker main technical 

characteristics are presented in Table 2.1.   

 
 

 

 

 

 

The IB Kapitan Dranitsyn left Kinkiness Harbor, Norway on 26 August 2003 and  

 

 
Figure 2.1: Icebreaker “Kapitan Dranitsyn” on NABOS-02 cruise in the northern Laptev Sea 

(photo by Stan Schwafel, IARC). 
 

The ship may be navigated from two positions on the bridge and from an aft auxiliary 

bridge (ice can also be broken when traveling stern first). An air curtain system is 

applied to assist ice-breaking (air at 0.8 kg cm-2 is discharged through vents from 

forward to midships 2 m above the keel). Ice friction is reduced by polymeric coatings 

on the ice skirt. A cushioned stern allows close towing when vessels are being assisted 

through ice. Pumps can move 74 tonnes of water a minute between ballast and heeling 

tanks. Fresh water is provided from a vacuum distillation apparatus heated by exhaust 

gasses, which is supplemented by a reverse osmosis apparatus. A maximum of 80 

tonnes a day can be produced. Two helicopters are carried to assist ice navigation. 

Safety equipment includes 4 fully enclosed life-boats and 4 inflatable life rafts (total 

capacity 264 persons). The fuel consumption rate is shown in Table 2.1. The icebreaker 

is equipped with 3 deck cranes. Two forward cranes can lift 3 tonnes each, and one on 

the helicopter deck lifts up to 10 tonnes.  
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Table 2.1: The main technical characteristics of the I/B “Kapitan Dranitsyn”. 
 
Displacement 15,000 t (full load) 
Draft 8.5 m 
Breadth 26.75 m 
Length 121 m (waterline), 132.4 m (overall)  
Height 48.7 m 
Main engines 6 Wärtsilä-Sulzer 9 ZL40/48 Diesel sets developing 18.5MW (24,200 

horse power) which drive 6 AC generators. 
Propulsion 3 twin DC electric motors, each producing 5400 kW in either direction, 

turn the 22m long propeller shafts (one spare shaft is carried). 
Propellers 3, fixed pitch, 4.3 m diameter with 4 hardened steel blades turn at 

about 110 to 200 rpm. Spare blades are carried which can be 
deployed at sea. 

Auxiliary power 5 alternating current generator sets developing 730kW (2200 horse 
power). 

Fuel IFO-30 for main diesel sets, MGO for auxiliary generator sets 
Fuel storage  2800 tons IFO-30 and 600 tons MGO 
Hull thickness 45 mm where ice is met (the ice skirt) and 22-35 mm elsewhere 
Speed Full: 19 knot (35.2 km/h) with 6 engines; cruising speed: 16 knot (30 

km/h) in calm open water; ice 1.5 m thick may be broken at 1 knot 
(1.8 km/h), 3 m has been broken by repeated ramming. 

Ice class KM*LL3 A2 
Operating range 10,500 nautical miles (19,500 km) at 16 knots (30 km/h). 
Anchors 2 weighing 6 tonnes each, with 300 m chains, and one spare. 

Crew and passengers 60 and 102  
 
 
Table 2.2: Fuel consumption of the I/B “Kapitan Dranitsyn”. Data provided by Murmansk 

Shipping Company. 
  
Consumption for main diesel sets (IFO-30) Additional consumption  (IFO-30) 

Number  
of Diesels 

Fuel Consumption 
(tonnes/day) 

Air Temperature 
(grad. C) 

Fuel Consumption  
(tonns/day) 

1 15.6 +15 2.5 
2 31.2 +5 3.5 
3 46.8 -10 5.0 
4 62.4 -30 6.0 
5 78.0 Site Consumption Consumption Rate MGO/IFO 
6 93.6 4 tonne/day 1/25 

 

A LEBUS double drum electric oceanographic winch (Figure 2.2) manufactured by 

LEBUS Engineering International Ltd., England was additionally deployed on the 

helicopter deck of the icebreaker (Figure 2.3) in order to operate the 

conductivity/temperature/depth (CTD) profiler, biological nets and trawl and to 
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deploy/recover the moorings. Winch electric motor power is 7.3 KW. Each drum 

capacity is 3500 m of 0.3-inch cable. The left drum (Figure 2.2) was used only for 

mooring recovery purposes. The right drum with spooling mechanism contains the 

mechanical cable of 3000 m length to carry the CTD probe, nets and trawl.  

 

 
 

Figure 2.2: LEBUS double drum oceanographic winch on the helicopter deck 
of the I/B ”Kapitan Dranitsyn”. 

 
 

 
 

Figure 2.3: CTD/Rosette winch site position on Deck 4 is shown by a red rectangle. 
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3. CRUISE TRACK (I.Dmitrenko, IARC) 
 

The I/B “Kapitan Dranitsyn” left Kinkiness Harbor, Norway on 26 August 2003 and 

returned on 18 September 2003.  The research area was over the continental slope of 

the Laptev Sea and the adjacent Eurasian Basin.  CTD profiles were carried out on two 

transects across the continental slope in the central and eastern Laptev Sea and on 

another two transects approximately orientated along the continental slope. The survey 

within the Russian Exclusive Economical Zone was authorized by the Russian Ministry 

for Industry, Science and Technology. On the way to the research area the icebreaker 

passed along the Northern Sea Route through the Barents and Kara seas and entered 

the Laptev Sea through the Vilkitsky Strait on September 1, 2003. The scientific 

operations  began on September 1. Having completed the major goals of the cruise, the 

icebreaker left the Laptev Sea through the Vilkitsky Strait on 12 September (Figure 3.1).   

 

 

 
 

Figure 3.1: NABOS-03 cruise track, 08/26/2003-09/17/2003. 
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4. SCIENTIFIC PARTY (I.Dmitrenko, IARC, and L.Timokhov, AARI) 

 

Name Country Position Affiliation 

Igor Dmitrenko USA Co-Chief Scientist University of Alaska Fairbanks 

Noriyuki Tanaka USA Scientist FRONTIER Observational Research 
System  

Marc Ringuette Canada Scientist Laval University 

Alexandre Forest Canada PhD Student Laval University 

Robert Chadwell USA Mooring Technician  University of Alaska Fairbanks 

Michael Dempsey Canada Mooring Technician  Oceanetic Measurement Ltd. 

Leonid Timokhov Russia Co-Chief Scientist Arctic and Antarctic Research Institute 

Sergey Kirillov Russia Scientist Arctic and Antarctic Research Institute 

Victor Vizitov Russia Scientist Arctic and Antarctic Research Institute 

Sergey Mastruykov  Russia Scientist State Research Navigation and 
Hydrographic Institute 

Miroslav Nitishinsky Russia Scientist Arctic and Antarctic Research Institute 

Victor Tretyakov Russia Scientist Arctic and Antarctic Research Institute 

Anatoly Klein Russia Scientist Arctic and Antarctic Research Institute 

Oleg Andreev Russia Scientist Arctic and Antarctic Research Institute 

Arkadiy Garmanov   Russia Scientist Arctic and Antarctic Research Institute 

Anna Akimova Russia Master Student St.Petersburg State University 

Tatyana Alexeeva   Russia Master Student St.Petersburg State University 

Gennady Bogatyrev Russia Master Student St.Petersburg State University 

Nikolay Koldunov Russia Master Student St.Petersburg State University 

Mikhail Makhotin Russia Master Student St.Petersburg State University 

Natalya Markova Russia Master Student St.Petersburg State University 

Daniil Gudkovsky Russia Master Student Russian State Hydrometeorological 
University 

Anton Volkov Russia Observer Russian Ministry of Industry, Science and 
Technologies 

 

11 



5. ICE CONDITIONS (A.Klein, AARI) 

 

The appearance of drifting ice along the route of the icebreaker was recorded in the 

northeastern part of the Kara Sea on the meridian of 83°12’E on August 30 (Figure 5.1, 

upper panel). Ice with coverage of 70 - 100% prevailed in the vicinity of Nordensheld 

Archipelago.  Further in the Matisson Strait thick first-year land-fast ice with inclusions of 

up to 20% of two-year land-fast ice was observed. Sometimes the ice was in different 

stages of fracturing. Further in the vicinity of Vilkitskiy Strait and in the central part of the 

Laptev Sea the ice conditions along the ship track were characterized by alternation of 

zones with ice concentration of 0-10% and 20-30%. Within the research area after the 

northward turn the alternation of drifting ice with concentration of 70-80% and 90-100% 

was observed.   

 
Ice extent mosaics for 08/31/03. Data source: 
DMSP SSM/I hybrid Bootstrap and DCRS 
algorithm. Processed at DCRS DTU. 

Ice extent mosaics for 09/11/03. Data source: 
DMSP SSM/I hybrid Bootstrap and DCRS 
algorithm. Processed at DCRS DTU. 

Land
No data
Old ice

Old ice

  
 

Figure 5.1: Ice extent mosaics along the NABOS-03 cruise track. The upper and lower 
panels correspond to August 31 and September 11, 2003. The SSM/I information was 

processed and plotted by Dr. V.Smolyanitskiy, AARI. 
 

12 



On the way back from the Laptev Sea to the Kara Sea (Figure 5.1, lower panel) the 

ice conditions were different from those which were observed before. The Kara Sea 

near Vilkitskiy Strait was practically clear of compact drifting ice. In the vicinity of 

Nordensheld Archipelago there was no land-fast ice. The general ice cover decrease 

was also observed there. Westward from the meridian of 95°E no compact drifting ice 

was observed.  As a whole, the first-year thick ice predominated. Ice thickness varied in 

a wide range from 80-100 cm to up to 180-200 cm. The amount of hummocked ice was 

estimated to fall within the range of from 0-10% to 20-30%. The fracturing was 

estimated to be as much as 30%. The presence of significant amounts (sometimes up 

to 50% of the total) of two-year-old ice with a thickness of more than 2 m is considered 

to be the characteristic feature of September 2003 sea-ice conditions along the ship 

track in September, 2003.   
 

6. METEOROLOGICAL CONDITIONS (O.Andreev, AARI) 

 

As a whole, the synoptic regime over the Laptev Sea during the period of research 

was characterized by high cyclonic activity (Figure 6.1). Within the Icelandic Low 

intensive processes of cyclogenesis occurred. The hollow of low pressure stretched 

from Iceland along Greenland to the south of Archipelago Spitsbergen to Novaya 

Zemlya Island.  The cyclones traveled in this direction. As they approached the Laptev 

Sea area across the Taimyr Peninsula, the cyclones were amplified by local synoptic 

conditions. 

During August 31 - September 1 the weather conditions on the route towards and 

within the research area were defined by an inactive filling cyclone. Atmospheric 

pressure varied between 993-995 mb. The weather was characterized by continuous 

overcast and gusty southern and southwest wind of 5-12 m/s. The air temperature 

decreased from +3.0°C at Vilkitski Strait, down to 0.0°C in the research area (Figure 

6.2). Further, this cyclone was displaced by an area of high atmospheric pressure 

(1005-1011 mb) stretched from the Taymyr Peninsula to the northern Laptev Sea. The 

weather conditions on September 2 and 3 were characterized by continuous overcast 

and strong (12-15 m/s) gusty northern winds, and later northwest and western winds. 
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The air temperature decreased to –2 to –4°C. On September 4-7 the next cyclone 

reached the Laptev Sea. Atmospheric pressure dropped down to 987-994 mb. The 

weather became cloudy, with precipitation, and a steady northwest wind blew at up to 

14-19 m/s. The air temperature continued to decrease to –3 to –5°C.  

 

 
 

Figure 6.1: National Center for Environmental Protection (NCEP)/National Center for 
Atmospheric Research (NCAR) Sea level pressure averaged over September 1-11, 2003. 

 

During September 8-11 the weather conditions in the research area were dominated by 

high atmospheric pressure (1004 -1011 mb). The cloud cover became broken, and 

snow fell a couple of times. On September 8-10 the wind varied from northwest  to 

northeast with a speed of 6-8 m/s. On September 11 it had returned to the northwesterly 

direction and finally dropped down to 1-3 m/s with variable direction. During September 

8-10 the air temperature was recorded as low as –1 to –3°C.   Along the way to Vilkitski 

Strait on September 11, temperatures rose to +1  to +4.0°C. 
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Figure 6.2: Variation of the main meteorological parameters along the NABOS-03 cruise track. 
The measurements were carried out from the upper deck of the icebreaker by the WM-918 

weather station. The gray strip corresponds to the time of operation within the area of 
oceanographic research. 
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7. OBSERVATIONS (I.Dmitrenko, IARC, and L.Timokhov, AARI) 

 

The NABOS-03 program included routine CTD observations and water sampling, 

recovery and deployment of oceanographic moorings, ARGOS ice buoy deployments, 

biological observations, and ice sampling, along with routine ice and meteorological 

observations.  Measurements made during the NABOS-03 cruise on the I/B “Kapitan 

Dranitsyn” are described in Table 7.1. The full information about all research activities 

during the cruise is summarized in Appendix 2. The information in Table 7.1 and 

Appendix 1 is presented in chronological order. 

 

Table 7.1: Observations during NABOS-03 cruise on I/B “Kapitan Dranitsyn”. 
 

Station # 
 

Date 
mm/
dd 

Time 
GMT 

Lat 
 

Lon 
 

Depth
m 

CTD 
 

Rosette
 

Net
 

Trawl
 

Mooring
Dep. 

 

Mooring 
Rec. 

 

Ice Buoy
Dep. 

 

Ice 
sampling

 

KD0103 09/01 02:15 78026.4’ 125038.7’ 2680 X X X    X     
KD0203 09/01 19:40 78056.7’ 126003.6’ 3000 X X X          
KD0303 09/02 05:00 79015.8’ 125055.1’ >3000 X X X          
KD0403 09/02 13:00 79049.4’ 126001.9’ >3000 X X X          
ICE0103 09/02 18:17 79043.8’ 126035.6’ >3000         AARI X 
KD0503 09/02 23:00 79049.6’ 126021.1’ >3000 X X X        
ICE0203 09/03 03:00 79047.9’ 129045.1’ >3000         AWI  
KD0603 09/03 06:38 79050.3’ 133023.8’ >3000 X X X X       
ICE0303 09/03 10:50 79050.0’ 133029.8’ >3000         AARI X 
KD0703 09/03 16:00 79050.8’ 137050.7’ >3000 X X X X       
ICE0403 09/03 19:45 79051.1’ 137055.5’ >3000         CRREL X 
KD0803 09/04 05:09 80004.9’ 142022.4’ >3000 X X X        
ICE0503 09/04 8:05 80004.1’ 142031.3’ >3000         AWI  
KD0903 09/04 10:37 79050.1’ 141058.0’ 3000 X X X        
ICE0603 09/04 14:50 79048.4’ 141052.2’ >3000         AARI X 
KD1003 09/04 18:28 79035.3’ 142031.6’ 1190 X X X          
KD1103 09/04 22:38 79024.8’ 143002.5’ 520 X X X X         
KD1203 09/05 02:41 79015.7’ 143030.0’ 210 X X X X         
KD1303 09/05 05:53 79000.1’ 143059.6’ 100 X X X X         
KD1403 09/05 11:28 79029.5’ 140040.9’ 1450 X X X          
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Station # 
 

Date 
mm/
dd 

Time 
GMT 

Lat 
 

Lon 
 

Depth
m 

CTD 
 

Rosette
 

Net
 

Trawl
 

Mooring
Dep. 

 

Mooring 
Rec. 

 

Ice Buoy
Dep. 

 

Ice 
sampling

 

KD1503 09/05 21:06 79030.8’ 134041.4’ 2000 X X X          
ICE0703 09/06 00:29 79032.5’ 134031.6’ 2000             AWI   
KD1603 09/06 04:53 79015.1’ 132012.3’ >3000 X X X X        
KD1703 09/06 14:53 78054.1’ 128009.8’ 3000 X X X         
KD1803 09/06 23:32 78027.0’ 125040.7’ 2700 X  X  X       
KD1903 09/09 01:45 78005.7’ 126003.5’ 2100 X X X X        
KD2003 09/09 09:02 77044.8’ 125059.8’ 1800 X X X X        
KD2103 09/09 13:51 77030.4’ 125058.0’ 1500 X X X X        
KD2203 09/09 19:30 77015.0’ 127014.9’ 800 X X X X        
KD2303 09/09 23:48 77015.0’ 126000.6’ 1300 X X X X X       
KD2403 09/10 21:07 77015.1’ 124045.4’ 1100 X X X X        
KD2503 09/11 01:57 77000.4’ 126000.1’ 180 X X X X        
KD2603 09/11 05:02 76045.0’ 126000.3’ 60 X X X X        
 

 

7.1. OCEANOGRAPHIC OBSERVATIONS  
 

7.1.1. Background information (I.Polyakov, IARC, and D.Walsh, NRL) 

Observations made from ice buoys, manned drifting stations, and satellites show 

that near-freezing surface waters, driven by surface winds and ice drift, exhibit a trans-

polar drift from Siberian Arctic toward Fram Strait [Rigor et al., 2002].  In the eastern 

part of the Eurasian Basin this flow merges with several branches coming from marginal 

arctic seas (the East Siberian and Laptev Sea branches, and further west the Barents 

Sea branch). The basic features of the circulation in the Nansen and Amundsen Basins 

are shown by blue arrows in Figure 7.1. Nansen was the first to identify Atlantic Water 

(AW) in the Arctic Ocean during his drift on board the Fram in 1893-1896. Later 

observations provided evidence that the AW spreads cyclonically around the Arctic 

Basin and is its major source of heat [Timofeev, 1960; Coachman and Barnes, 1963], 

and clarified the properties of AW circulation. Aagaard [1989] used moored current 

measurements and hypothesized that major subsurface water transports occur in the 

form of narrow near-slope cyclonic boundary currents (Figure 7.1, red arrows). Two 
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major inflows supply the polar basins with AW - the Fram Strait AW branch and the 

Barents Sea AW branch [Rudels et al., 1994]. The Fram Strait branch enters the 

Nansen Basin through Fram Strait and follows the slope until it encounters the Barents 

Sea branch north of the Kara Sea, an area characterized by strong water-mass mixing 

and thermohaline interleaving.  The two merged branches follow the Eurasian Basin 

bathymetry in a cyclonic sense, forming a narrow topographically trapped boundary 

current which flows at about 5 cm/s [Woodgate et al., 2001]. Near the Lomonosov Ridge 

the flow bifurcates, with part turning north and following the Lomonosov Ridge and 

another part entering the Canadian Basin [Woodgate et al., 2001].  Jones [2001] 

stresses that the circulation in the deep waters (>1700m) has not been well determined. 

 
Figure 7.1: Water mass circulation patterns in the Nansen Basin and adjacent arctic seas. 

Surface and subsurface circulation shown by blue and red arrows respectively.     
  
 
 

The area of the northern Laptev Sea and adjacent Eurasian basin has complex 

water-mass characteristics [Pfirman et al., 1994; Schauer et al.,1997; Schauer et al., 

2002]. Atlantic Waters originating in Fram Strait are found between 150 and 800 m 
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depth in this region (Figure 7.2, left panel).  Lower Halocline Water (LHW) lies at the 

base of the permanent halocline, occupying the region of temperature(T)-salinity (S) 

space defined by 34.0<S<34.5 psu, and temperature less than -1.0 °C [Woodgate et al., 

2001]. Below the AW layer lie the Bottom Water (BW) layers, with potential 

temperatures down to -0.95°C. The locations of these water masses in the T-S plane 

are shown in Figure 7.2, right panel.  

 

 
 

Figure 7.2: Location of Low Halocline Water (LHW), Atlantic Water (AW), and Bottom Water 
(BW) on the typical vertical temperature and salinity distribution and T-S curve in the research 

area.   
 

 Little is known about temporal variability of thermohaline structure in the Eurasian 

Basin.  An early attempt to quantify interannual variability of water-mass structure in this 

region is due to Quadfasel et al. [1993], who compared measurements from cruises in 

different years, finding significant year-to-year variability in the core temperature of the 

AW layer.  However, because Quadfasel et al. compared measurements taken in 

different years and at different locations in the Nansen Basin, it is difficult to determine 

the extent to which their conclusions were influenced by aliasing of spatial and temporal 
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variability, especially as the AW layer is known to cool dramatically as it flows through 

the Nansen Basin. [Polyakov et al., 2003] emphasize that quantifying interannual 

variability in this region is substantially complicated by the large spatial gradients in the 

area. Processes which affect fresh-water content (e.g., freezing, melting, and riverine 

inflow) are of first-order importance to Arctic Ocean dynamics [Aagaard, 1989]. Large 

amounts of ice form in winter on the wide continental shelves on the periphery of the 

Arctic Ocean, in some cases producing dense, briny waters which flow off the shelves 

and significantly influence the T-S structure in the interior. 
 

7.1.2. Routine CTD measurements and water sampling 
  

7.1.2.1. Objectives (I.Polyakov and I.Dmitrenko, IARC) 

The major objectives of the 2003 field experiment are:  

•  quantify the structure and spatial variability of the main water masses over the 

continental shelf of the Laptev Sea and adjoined Eurasian  Basin in 2003; and 

•  enhance understanding of mechanisms by which the AW is transformed across and 

along the continental slope of the Eurasian Basin.  

The hydrographic survey also provides important background information for 

processing of the long-term mooring data.         
 
7.1.2.2. Methods ( I.Dmitrenko, IARC, and S.Kirillov, AARI) 

Over the 10-day period 26 CTD casts were made. Location and sampling time for 

the CTD casts are listed in Table 7.1 and the locations are also depicted in Figure 7.3. 

Cross-section A (Figure 7.3) extended across the Russian Exclusive Economic Zone 

(REEZ) and the Laptev Sea continental slope to the Arctic Ocean. The measurements 

along the northern part of this transect outside the REEZ (stations KD0103-0403) were 

carried out  at the beginning of observations after first mooring recovery on September 

1. The southern part of transect A is located within the REEZ and measurements at this 

part of the transect were carried out at the end of the observational program after 

deployment of a mooring at the position of station KD0103 on September 7. Cross-

section B (stations KD0403-0803) connected the observational area in the central 

Laptev Sea with the region of research northward of the New Siberian Islands where 
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cross-section C (stations KD0803-1303) crossed the continental slope. Cross-section D 

(KD1003, KD1403-1803) was carried out along the border of the REEZ.  

Due to winch technical problems most CTD casts were made from the sea surface 

to a depth of 800 -1000 m only. Continuous CTD profiles were measured on the 

downcast. The water sampling was carried out at all stations (Table 7.1) within 500 m of 

the surface water layer. Five-liter Niskin bottles were tripped on the upcast.  Sampling 

levels are shown in Appendix 1. 

 

 
 

 
Figure 7.3. CTD  cross-sections on the NABOS-03 cruise.  Blue circles represent CTD and 

CTD/Niskin bottle stations; yellow circles are mooring sites. Bathymetry is from IBCAO. 
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The winch site was situated on the helicopter deck of the icebreaker approximately 

17 m forward of the three icebreaker propellers (Figure 2.3). The draft of the icebreaker 

at the position of the CTD winch varies between 8.5 and 9.5 m. During CTD sounding 

the propellers were left switched on to maintain the correct ship position relative to the 

ice floes.  

Data collection and processing software was the Sea-Bird Electronics, Inc. (SBE) 

SEASOFT software package for Windows. Derived variables include pressure (in db), 

water temperature (in °C), and conductivity (S/m). The original raw data (pressure, 

temperature and salinity) from the downcasts are presented in Appendix 2. Portions of 

poor quality data from the upper water layer have been removed. Poor quality was 

mainly determined by higher than normal noise levels, spikes or jumps in the data due 

to the strong impact of the rotating icebreaker propellers in the upper water layer. To 

avoid the spikes in the calculated salinity (which is dependent on temperature, 

conductivity, and pressure) caused by misalignment of temperature and conductivity 

with each other we used an alignment procedure. The best alignment of conductivity 

with respect to temperature was obtained when the salinity spikes were minimized. 

Some experimentation with different advances was required to find the best alignment, 

which we finally determined to be an advance of conductivity relative to temperature of -

0.4 sec. 

Although in some cases the data were considered reliable, one should take into 

account that the noise from propellers and ship draft can affect the data within the upper 

20 m layer. The ocean depth was reliably measured by an Odom Hydrographic System 

Dual Frequency 12 & 210 KHz Eco-Sounder  only down to a depth of 2000 m. Otherwise 

the depth information was obtained from the navigation charts.       
 

7.1.2.3. Equipment (R.Chadwell, IARC, and M.Dempsey, OM) 

Continuous CTD profiles were made using the SEACAT Profiler SBE19plus. This 

system continuously measures conductivity, temperature and pressure at 0.25 m 

vertical intervals. The technical description of the sensors is presented in Table 7.2. The 

water sampling was carried using a General Oceanic Rosette Model 1015-12 with 

twelve five-liter Niskin bottles in conjunction with a SEALOGGER CTD SBE 25 system. 
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CTD is taken off line automatically during the 10-second Rosette sampling sequence. 

The Rosette was connected with the on-board computer via a deck command module 

and electromechanical cable. The engineering information regarding Rosette is 

available on  http://www.generaloceanics.com/genocean/1015.htm. SEALOGGER CTD 

SBE 25 sensor data are shown in Table 7.3. Information in Tables 7.2 and 7.3 is 

presented according to the specifications of Sea-Bird Electronics, Inc. The full 

information can be downloaded from 

http://www.seabird.com/products/spec_sheets/19plusdata.htm and 

http://www.seabird.com/products/spec_sheets/25data.htm. 

 

Table 7.2: SEACAT Profiler SBE19plus technical information. 
 

Sensors 
Measurement 

Range 
Initial 

Accuracy 
 

Typical 
Stability 

(per month) 

 
Resolution 

Conductivity 
(S/m) 

0 – 9  
0.0005 

0.0003 0.00005 (most oceanic waters) 
0.00007 (high salinity waters) 
0.00001 (fresh waters) 

Temperature
 (°C) 

 

-5 to +35  
0.005 

 

0.0002  
0.0001 

Pressure 3500 m 0.1% of full 
scale range 

0.004% of full 
scale range 

0.002% of full scale range 

 
 
Table 7.3: SEALOGGER CTD  SBE 25 technical information. 

Sensors Measurement
Range 

Initial 
Accuracy 

 

Resolution 

Conductivity (S/m)  
0 – 7 

 
0.0003 

0.00004 

Temperature (°C) -5 to +35 0.002 0.0003 

Pressure 1000 m 0.1% of full 
scale range 

0.015% of full 
scale range 

 
SBE 43 Dissolved 

Oxygen (DO) Sensor 

120% of 
surface 

saturation in 
all natural 

waters 

 
2% of 

saturation 

increased by on-
board 

temperature 
compensation 

Sea Tech 
Chlorophyll “a” 

fluorometer  

 
N/A 

 
N/A 

 
N/A 
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7.1.2.4. Preliminary Results   

The early fall water column structure in the area of our oceanographic survey is 

characterized by a cold (-1.8°C), fresh (28-32 psu) surface layer, overlying a halocline in 

which low surface salinities increase to 34.8 psu at about 250 m depth (Figures 7.4, 7.6, 

7.8).  The surface mixed layer is about 18-20 m thick (Figure 7.4, right panel). The 

shallow halocline centered at about 90 m depth is found above the thermocline 

(centered at 130 m); this layer is believed to play a crucial role in insulating near-surface 

waters and overlying ice from upward heat fluxes.   

 

 
 

Figure 7.4: Salinity (blue) and temperature (red) vertical distribution at station KD0103. Data 
from CTD SBE19plus. Right panel presents the zoomed upper 250 db of the left panel.  

 

Surface temperature is close to the freezing point down to the depth of the surface 

mixed layer. An increase of temperature by 0.2 to 0.5 °C at a depth of 20-30 m  was 

observed in most cases directly on the upper surface of the pycnocline layer (Figure 

7.4, right panel; Figure 7.5, left panel). Apparently this temperature increase is 

associated with summer solar radiation heating of the surface water layer [Kassens et 

al., 1997]. The temperature at this level (about 20 m) corresponds to the temperature of 

the surface mixed layer during summer. Farther downward a temperature decrease is 
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observed down to a depth of about 50 m. This depth could be considered the depth of 

seasonal temperature variations.  This layer lies above a strong thermocline reaching 

250 m depth, where a prominent temperature maximum of 1.0 to 1.2 °C is found which 

corresponds well to the previous studies (EWG, 1997, see also Figure 7.4). This mid-

depth temperature maximum marks the core of the AW, typically found between 150 

and 800 m depth in this region (Figures 7.4, 7.5, 7.7, see also Schauer et al., 1997 for 

more details). AW core salinity varies between 34.82 and 34.90 psu (Figures 7.9-7.12). 

Beneath the AW core, temperature decreases to about -0.8 °C close to the bottom while 

salinity slightly increases to 34.92 psu.   

The spatial variations of water temperature and salinity along the transects across 

the continental slope (marked as A and C in Figure 7.3) are presented in Figures 12 and 

13. Ice melting southward of cross-section A (Figures 5.1 and 7.3) seemed to result in 

freshening of the surface water layer up to 28-29 psu at stations KD2603, KD2503 and 

KD2303 (Figure 7.6, left panel). Although this freshening could also be caused by the 

input of river runoff water, the pack ice edge coincides very well with the zone of 

freshening (Figure 5.1). Open water conditions also allowed radiative heating of the 

surface water layer up to -0.7°C (Figure 7.5, left). Northward from station KD2603 the 

cooling of the most superficial layer is also well pronounced (Figure 7.5, left). Under the 

ice cover (for example, all stations along the cross-sections B and D, Figure 7.7) these 

patterns were not observed.    

The thickness of the AW layer, traced by the zero temperature isotherm, varies from 

600 m (KD2303) to 320 m (KD0103) (Figure 7.5, left).  The increase of AW layer 

thickness is generally accompanied by a salinity and temperature increase of 0.02 psu 

and 0.2°C respectively. The location of the AW core in the central Laptev Sea (cross-

section A) coincides roughly with the continental slope. At the same time on the east 

(cross-section C) the thickness of the AW layer was only 470 m (Figure 7.5, right panel). 

Note that in 2002 (NABOS expedition) and 1993 (ARK IX/4 Polarstern expedition; 

Schauer et al., 1997) the maximum temperature in the central Laptev Sea AW core was 

about 250-300 km northward from the edge of the continental shelf. The northward 

deepening of the AW upper boundary by 45 m was recorded along cross-section A 
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(Figure 7.5). The same features were observed in the westward direction along cross-

sections B (80 m) and D (31 m, Figure 7.7).  
 

 
 

Figure 7.5: Temperature (°C) distribution across the continental slope of the Laptev Sea along 
the cross-sections A and C. The  0 °C isotherm  (white curve) traces the boundaries of the AW 

layer.   
 
 

 
 

Figure 7.6: Salinity (psu) distribution across the continental slope of the Laptev Sea along the 
cross-sections A and C. The  0 °C isotherm (black curve) traces the boundaries of the AW layer.   
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Figure 7.7: Temperature (°C) distribution along the continental slope of the Laptev Sea on 
cross-sections  B and D. The  0 °C isotherm (white curve) traces the boundaries of the AW 

layer. 
 
 

 
 

Figure 7.8: Salinity (psu) distribution along the continental slope of the Laptev Sea on the cross-
sections B and D. The 0 °C isotherm (black curve) traces the boundaries of the AW layer. 

 
 

The AW core temperature of 1.2 ºC in 2003 was similar to the climatic mean 

temperature presented in [EWG, 1997]. It also corresponds well to the temperature 

recorded on the continental slope to the north of the New Siberian Islands from January 

– August 1996  [Woodgate et al., 2001]. Note that in the earlier part of their record the 

temperature of the AW core was warmer, as warm as 1.7ºC.  Our measurements show 

the AW temperature cooler by 1 ºC and fresher by 0.05 psu compared with observations 

from the1995 and 1997 Polarstern cruises in this area [Schauer et al., 1997; Rudels et 

al., 2000] (Figure 7.12). A period of cooler AW inflow through Fram Strait began after 

1995 [e.g. Karcher et al., 2003]. Apparently, this cooler AW inflow later resulted in 

cooler and fresher water at the continental slope in the northern Laptev Sea. 
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Nevertheless, the recent 2000-2001 temperature data from the North Pole 

Environmental Observatory measured on the downstream flank of the Lomonosov 

Ridge still show increased AW temperature inherited from the 1990s [Morison et al., 

2002]. Our data from the 2002 and 2003 NABOS cruises confirm that for the Laptev 

Sea continental slope the large warming event of late 1980s – early 1990s is over. This 

also corresponds well with other observations and modeling studies [e.g. Karcher et al., 

2003].      
 

 
 

Figure 7.9: Temperature versus salinity from NABOS-02 (black) and NABOS-03 (red) 
expeditions on cross-section A. The measurements were carried out at approximately the same 

positions. 
 

 

Comparing data from the 2002 and 2003 NABOS cruises, substantial differences in 

temperature and salinity in the AW core were observed only along cross-section A. The 

temperature and salinity in the AW core in 2003 was higher than in 2002 by about 0.5 

ºC and 0.2 psu respectively (Figure 7.9, right). The upper surface of the AW layer was 

also elevated by about 60 m in 2003 compared to 2002 (not shown). Northward of 

cross-section A the temperature at the upper surface of the AW layer was slightly lower 

than in 2002 (Figure 7.9, left and central panels).  Along cross-section B the 

thermohaline conditions within the AW layer in 2002 and 2003 were very similar (Figure 

7.10). Along cross-section D a considerable decrease of the AW temperature was 

observed in 2003 at the lower layer beneath the AW core compared to 2002 (Figure 

7.12). At the same time the temperatures measured in the AW core in 2002 and 2003 

were comparable.  
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Figure 7.10: Temperature versus salinity from NABOS-02 (black) and NABOS-03 (red) 
expeditions along cross-section B.  The measurements were carried out at approximately the 

same positions. 
 

 
 

Figure 7.11: Temperature versus salinity from NABOS-02 (black) and NABOS-03 (red) 
expeditions along cross-section C.  The measurements were carried out at approximately the 

same positions.  
 

 

A step-like structure of vertical temperature distribution was observed within the AW 

layer in 2002 and 2003.  Typical thickness of temperature steps is about 20-25 m 

(Figure 7.4, right). Similar steps were observed by Rudels et al. [1999]. It was 

hypothesized that these steps are formed as a result of evolution of temperature 

isopycnical intrusions. These intrusions represented by small-scale temperature 

inversions are widely observed in the AW layer (Figure 7.4, see also Rudels et al., 

1999). One may suggest that instability of the boundary separating water masses of the 

same density but different temperatures may result in these intrusions. Most interesting 
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is that these intrusions were located at the same isopycnical surfaces in 2003 and 2002 

(Figures 7.10 and 7.12).        
 

 
 

Figure 7.12: Temperature versus salinity from NABOS-02 (black), NABOS-03 (red) and (blue) 
Polarstern ARK XIII/3 (left and right panels, 1997) and XI/1 (central panel, 1995) cruises along 

cross-section D.  The measurements were carried out at approximately the same positions.  
 

 

7.1.3. Moorings observations  
 
7.1.3.1. Objectives (I.Polyakov and I.Dmitrenko, IARC) 

The overall purpose of mooring observations is to provide observationally based 

information on temporal variability of water circulation and water mass transformation on    

the continental slope of the Laptev Sea.  

The major objectives are:  

•  quantify the structure and temporal variability of main water masses over the 

continental shelf of the Laptev Sea; and 

•    obtain detailed information about AW layer dynamics and seasonal variations.  

 
7.1.3.2. Mooring design and equipment (R.Chadwell, IARC, and M.Dempsey, OM) 
 

Mooring design and oceanographic equipment is presented in Figure 7.13. The most 

notable feature of these moorings is the specially modified avalanche beacons (Figure 

7.14) used for recovery if the mooring is released in ice covered waters. The beacons 

are modified with mercury tilt switches and three additional batteries to ensure sufficient 

battery life during the expected one year deployment. The beacons are placed in a 
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heavy gauge Schedule 80 PVC housing with rounded slip caps. Squared slip caps have 

had a tendency to succumb to the pressure in past experience The PVC housing is then 

ballasted to remain upright while buoyant which in turn leaves the mercury tilt switch 

deactivated to conserve power. When the mooring is released and the beacon reaches 

the keel of the ice covering, the beacon will then self-right and wait in the receive mode. 

Searchers on the ice can then use a non-modified avalanche beacon to locate the 

mooring trapped below. 

 

 
 

 a  C  m
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Figure 7.13: NABOS-02 (M1A) and NABOS-03 (M1B and M2A) mooring design and equipment. 
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Figure 7.14: Beacon (left) and beacon placed in a heavy gauge Schedule 80 PVC housing with 
rounded slip caps (right). 

 

 
 

Figure 7.15: Sketch of Mclane Moored Profiler (MMP),  of McLane Research Laboratories, Inc.  
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The Mclane Moored Profiler (Figure 7.15) designed and manufactured by McLane 

Research Laboratories, Inc. is the main component of all NABOS moorings. The full 

technical information and description are available on http://www.mclanelabs.com. The 

sensor data of the profiler along with other mooring equipment information is presented 

in Tables 7.4 and 7.5 and Figures 7.16 and 7.17.  

 
Table 7.4: Sensors for Mooring M1B Deployed 8 September, 2003. 
 
 

Equipment 
 
Serial # 

 
Parameters 

Last 
Calibration

Sampling 
Rate 

Target 
depth  
(db) 

 
Comments 

Top Microcat CTD 
SBE-37SM 

1672 Conductivity 
Temperature 
Pressure  

July 16, 
2003 

15 
Minutes 

 
71 

 

Mclane Moored 
Profiler (MMP) 

11474 Current 
Conductivity
Temperature
Pressure 

N/A One 
profile 

per day 

65 
to 

1500 

 

MMP FSI ACM 
Sensor 

1661  
Current 

April 
2003 

- N/A MMP sub-sensor 

MMP FSI EMCTD 
Sensors 

1360 Conductivity
Temperature
Pressure 

June 
2003 

- N/A MMP sub-sensor 

 
 
Table 7.5: Mooring M2A Deployed 10 September, 2003. 

 
 

Equipment 
 
Serial # 

 
Parameters 

Last 
Calibration

Sampling 
Rate 

Target 
depth  
(db) 

 
Comments 

Mclane Moored 
Profiler 

11622 Current 
Conductivity
Temperature
Pressure 

N/A One 
profile 

per day 

90 
to 

1390 

 

MMP FSI ACM 
Sensor 

1660 Current April 
2003 

- N/A MMP sub-sensor 

MMP FSI EMCTD 
Sensors 

1359 Conductivity
Temperature
Pressure 

June 
2003 

- N/A MMP sub-sensor 

 
 
7.1.3.3. Mooring deployments (R.Chadwell, IARC, and M.Dempley, OM) 

Two sub-surface moorings were deployed from the I/B “Kapitan Dranitsyn” during 

the NABOS-03 expedition. The first mooring (M1B, Figure 7.16) was deployed near 
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station KD0103 (Figure 7.3) and replaced mooring M1A (see part 7.1.2.2), deployed 

during the NABOS-02 expedition in 2002. The second mooring (M2A, Figure 7.17) 

deployed during 2003 was located near station KD2303 (Figure 7.3). 

Deploying moorings in the ice-covered waters is problematic, and we used anchor-

first deployment. This method prevents towing the mooring through floating ice floes 

thereby placing the towed array in danger of fouling on ice obstacles while it is being 

maneuvered toward the target deployment site. Similarly, our moorings were designed 

with buoyancy located only at the top to prevent the array from surfacing during 

recovery with floats stranded under the ice on opposite sides of ice keels, complicating 

retrieval. 

Unfortunately, anchor-first operations also have their disadvantages. Anchor-first 

deployments require that the crane and rigging bear the weight of both the anchor and 

0.25-inch galvanized Nilspin wire. The tension on the wire hanging vertically over the 

side makes it more difficult to manipulate the wire while attaching instruments. 

Additionally, the tension poses greater risk for damaging the plastic wire jacket which is  

essential for the unencumbered vertical movement of our primary instrument, the 

Mclane Moored Profiler. 

The initial deployment attempt was thwarted by what the Handbook of 

Oceanographic Winch, Wire and Cable Technology [2001] describes as “pull down” or 

“cutting in.” The previous year’s deployment had presented challenges because the 

ship’s capstans are not in the best position relative to the ship’s cranes. Therefore, it 

had been decided to use a LEBUS winch, as opposed to a capstan, for the 2003 field 

season. This year's mooring team anticipated that “the potential for cutting in of a cable 

can be reduced if the cable is wound on the drum so that the inner layers have a high 

tension” [Handbook of Oceanographic Winch, Wire and Cable Technology, 2001]. 

Therefore, a Reel-O-Matic pay out tensioning machine was used to transfer the wire 

from a wooden spool to the winch drum. Nevertheless, the high loads caused by the 

anchor and weight of the wire caused “cutting in” where the outer wrap of cable 

damaged the inner wraps in response to a high tension load; under extremely high 

tension, the cable pulled down with a force great enough to penetrate existing cable 

layers on the winch drum. 
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Figure 7.16: NABOS-03 M1B mooring design and equipment. 
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Figure 7.17: NABOS-03 M2A mooring design and equipment. 
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The effort to deploy from the winch was therefore abandoned in favor of using the 

ship’s docking capstan located on the aft deck. Several minor problems with side 

loading using the main crane from the capstan located on the aft deck were quickly 

overcome and both moorings were successfully deployed. One attempt to use the bare 

drum of the winch as an impromptu capstan was discontinued since the drum didn’t 

provide enough friction to bear the weight of the anchor. The purchase of a Brail Winch, 

or horizontal capstan, is a high priority for the next season and should alleviate all 

obstacles associated with anchor-first deployments. 
 

7.1.3.4. Mooring recovery (R.Chadwell, IARC, and M.Dempley, OM) 

A mooring recovered during the NABOS-03 cruise expedition was originally 

deployed on September 1, 2002. After one year it was successfully recovered on 

September 1, 2003. The mooring location coincides with stations KD0103/KD1803 

shown in Figure 7.3. Data obtained from this mooring are summarized in Table 7.6. 

 
TABLE 7.6: Data from NABOS-02 (mooring M1A). 

 
Equipment 

 
Serial # 

 
Parameters 

Data 
recovered

Time of 
observati

ons 
mm/dd/yy

Actual 
depth  
(db) 

 
Comments 

Surface Floating 
CTD SBE-37 

1759 Conductivity 
Temperature 
Pressure  

 
Yes 

09/02/02 
– 

09/01/03 

 
136 

Wrong pressure sensor 
range. Actual depth is 
guessed 

Surface Anderaa 
RCM-7 

9640 Conductivity 
Temperature 
Pressure 
Currents 

 
Data 
lost 

 
- 

 
- 

 
Battery problem  

Surface CTD SBE-16 
168350-
1408 

Conductivity 
Temperature 

 
Yes 

09/02/02 
– 

09/01/03 

 
161 

The depth was accounted 
respectively MMP most 
upper position 

McLANE Profiler 11622 Profiles of: 
Conductivity 
Temperature 
Currents 

 
Yes 

 
See 

Figure 17 

from 
164 
to 

2607 

Record of currents may 
be wrong. Actual 
profiling track shown on 
Figure 7.18 

Bottom CTD SBE-37 2368 Conductivity 
Temperature 
Pressure 

 
Yes 

09/02/02 
– 

09/01/03 

 

2742 
Recorded depth (2742 
db) seems to be wrong 

Bottom Anderaa 
RCM-7 

1800 Conductivity 
Temperature 
Pressure 
Currents 

 
Yes 

09/02/02 
– 

09/01/03 

 
2670 

Current records may be 
underestimated.  
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Figure 7.18: Actual profiling track of the NABOS-02 moored McLANE MMP Profiler (station 

M2A) according to pressure sensor data.  
 
 
7.1.3.5. Preliminary Results (I.Dmitrenko and I. Polyakov, IARC, D.Walsh, NRL, and 

L.Timokhov, AARI) 
 

The high quality of MMP data is demonstrated by the good agreement found 

between the SBE19plus CTD record at station KD0602 carried out before the mooring 

deployment on September 1, 2002 and the first MMP profile carried out one day later 

(Figure 7.19). The temperature and salinity continuous MMP records allow us to 

examine temporal variability of the AW layer in the depth range between 164 and 820 m 

over almost six months of observations (September 1, 2002 - February 20, 2003, Figure 

7.20).  
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Figure 7.19: Vertical temperature (°C) distribution on station KD0602 (CTD SBE19plus 
data, 09/01/02) and the MMP second run on 09/02/02 (black). 

 
The depth of the AW core (maximum temperature) over the record length changed little, 

varying between 234 and 244 m, while the temperature in the core of the AW layer 

varied from 0.97ºC at the beginning of observations to 1.33ºC on December 4, 2002. 

The upper profiling depth limit was just beneath the upper boundary of the AW layer, 

defined by the 0ºC isotherm (Figure 7.20).  Therefore the variability of the AW upper 

boundary was not traced except for a short period on February 15-16, 2003.  

CTD records at stations KD0602 and KD0103 carried out at mooring locations 

before deployment and after mooring recovery provided nearly the same depth of the 

0ºC (compare 157 m at the beginning and 160 m at the end of the record). Temperature 

records from the surface floating CTD SBE-37 (depth 136 m, Figure 7.21) and SBE 16 

(161 m depth, Figure 7.22) are in very good correspondence with the temperature of the 

AW layer. The lower AW layer boundary varied over a wide range between 530 – 650 

m; in contrast, during the CTD profile carried out before recovery (station KD0103) it 

was found at 470 m.   

39 



 
 

Figure 7.20: Temperature (°C, upper panel), and salinity (psu, lower panel) within the AW layer 
during 175 days of measurements from September 2, 2002 to February 20, 2003 from McLane 
MMP Profiler CTD data. Blank vertical columns represent missing data. Isotherm  0 °C (white 

curve) shows the boundaries of the AW layer.   
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Figure  7.21: Sea level, salinity, and temperature from the surface floating CTD SBE37 (about 
136 m depth). Only the relative pressure variations are considered to be reliable.  The records 

from day 160 through day 220 are suspicious.  
 

Four major events of warm AW intrusions were recorded during the nearly half year 

period of observations: 09/19 – 10/18/2002 (A), 11/02 – 11/15/2002 (B), 11/20/2002 – 

01/03/2003 (C), 01/07 – 02/15/2003 (D), Figure 7.20. The typical scale of temperature 

and salinity variations associated with these warm water intrusions is about 0.4-0.5ºC 

and 0.02 psu respectively. The same warmer events have also been recorded by SBE 

37 (136 m, Figure 7.21) and SBE 16 (161 m, Figure 7.22). This good agreement   

between MMP and SBE CTD data allows to conclude that most of the temperature 
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maxima shown in Figures 7.21 and 7.22 are connected to warm temperature intrusions 

advected within the AW layer. 

The seasonal trend is well captured in surface SBE 37 and SBE 16 temperature 

records. The maximum temperature at the upper boundary of the AW layer was 

recorded during winter while during summer the temperature was lower by 0.6 - 0.8°C.  

Small-scale steps in stratification (Figure 7.19) were typical features found in our 

observations. The thickness of steps varies within 2-4 m. A striking feature of these 

records is that these steps maintain their depth throughout the record (Figure 7.20). The 

intrusions of warmer water within the AW layer during A-D events do not disturb this 

spatial structure significantly.  The temperature from the near-bottom record varies 

between –0.778 and –0.768ºC (Figure 7.23). A gradual decrease of bottom salinity by 

0.004 psu is within the accuracy of our conductivity sensor (Figure 7.23). A bottom 

salinity decrease of 0.2 psu was also recorded by an Anderaa RCM-7 conductivity 

sensor (Figure 7.24). 

 

 
 

Figure 7.22: Salinity and temperature from the surface CTD SBE16 (about 161 m depth). 
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Figure 7.23: Sea level, salinity and temperature records from the bottom CTD SBE37 (about 
2742 m depth). 

 
 

The Anderaa RCM-7 current records are shown in Figure 7.24. Although there is no 

sign that the data are erroneous, the very low current speed is suspicious and we plan 

to check the record using data from the mooring recovery in 2004. Pressure sensors 

from surface and bottom SBE-37 installations recorded the tidal sea-level oscillations 

(Figure 7.21 and 7.23).  The results of tidal harmonic analysis [Foreman, 1977] for the 

main tidal constituents are presented in Table 7.7 (surface SBE 37). 
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Figure 7.24: Current and salinity records from the bottom Anderaa RCM-7 (2670 db depth) 
from September 2, 2002 to September 1, 2003. The current speeds may be underestimated.   

 
 

Table 7.7: Tidal Analysis Results for surface SBE37 recorded sea-level oscillations. 

       

tide Frequency  
cycles/hour 

Amplitude
cm 

Error
cm 

Phase
degrees

Error 
degrees 

MF 0.00305 5.23 7.4 254.29 98.06 
Q1 0.037219 0.32 0.2 286.19 31.38 
O1 0.038731 3.21 0.2 154.78 3.06 
P1 0.041553 1.76 0.2 172.85 6.19 
K1 0.041781 5.62 0.2 43.03 1.84 
N2 0.078999 2.82 1.2 250.83 21.92 
M2 0.080511 15.79 1.1 147.87 3.72 
S2 0.083333 7.15 1.2 191.71 8.57 
K2 0.083562 2.17 1.0 240.79 28.64 
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7.2. CHEMICAL OBSERVATIONS (N.Tanaka, IARC, and M.Nitishinskiy, AARI) 
 
 
7.2.1. Objectives 

Exchange and interaction of water masses in the Laptev Sea have significant 

implications for the Arctic climatic system. In the past, dissolved oxygen (DO) and 

nutrients were used to identify specific water masses in the Arctic Ocean, although 

those chemical parameters are highly non-conservative due to biological activities in 

sea water and underlying sediments. Although there are substantial observation data for 

nutrients and DO on the shelf in the Laptev Sea, offshore hydrochemistry data in the 

middle Laptev Sea are still scarce and gaps need to be filled.  As an unambiguous 

measure for river and sea ice melt water, seawater and sea ice samples will be 

analyzed for a stable oxygen isotope. Specific objectives on NABOS-03 cruise 

observation are: 

a. Fill observation gaps for hydrochemistry distributions in the Laptev Sea 

and provide a comprehensive picture of the synoptic distributions in the 

entire Laptev Sea, leading to a better understanding of the hydrochemical 

budget and major water mass mixing in this region; and 

b. Based on stable isotope systematics, fresh waters from river and sea ice 

melt are to be separately identified. The results will lead to understanding 

the behavior of fresh water from each separate source in this region, and 

therefore to a better evaluation of the role of fresh water in the vertical 

stability of the Laptev Sea. 

 

7.2.2. Methods and Equipment  

All seawater samples for chemical analysis were collected by CTD/Rosette Niskin 

bottle sampling systems. Detail of the sampling system and sampling procedures are 

described in section 7.1.2 of this preliminary report. Sampling locations are also shown 

in Fig. 7.3 in section 7.1.2.  Water samplings were carried out at 26 hydrographic 

observation stations including within the Russian EEZ. The specification of the CTD and 

DO sensors are also given in Table 7.2, 7.3 in section 7.1.2. The system was also 
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equipped with a Sea Tec fluorometer for in situ chlorophyll a measurement. The 

accuracy and precision is not known because calibration data are lacking. 

Analytical methods 
1) DO:  Dissolved oxygen contents in seawater were analyzed on board by using a 

modified Winkler titration method  [Strickland and Parsons, 1968]. The typical 

precision of this method is 0.05 mlSTP/liter. The detection limit is around 0.6 

mlSTP/liter. The analysis was completed within 24 hours after sampling.  There 

were several samples collected from major intrusion structures in water column. 

The results from titration analysis of DO are then compared with DO sensor 

results.  DO sensor results tend to filter out the high frequency variation due to 

the relatively slow response time of the sensor. 

2) Nutrients: Reactive phosphate, silicate, nitrate and nitrite will be measured by 

using an auto-analyzer Skalar Sun Plus system installed in the Otto Schmidt 

Laboratory for Marine and Polar Research at the Arctic and Antarctic Research 

Institute. The typical precision of those nutrient analyses are comparable to 

conventional analyses done by hand as described by Strickland and Parsons 

[1968]; the results are 0.02 micro-at P/kg, 0.25micro-at Si/kg and 0.5micro-at 

N/kg, respectively.  The samples collected on board were immediately frozen at –

20 degree C. all samples are now waiting for the analysis. 

3) Stable oxygen isotope analysis: Stable oxygen isotope compositions of seawater 

samples will be determined by using a Finnigan MAT 252 ratio mass 

spectrometer with an automatic CO2-H2-H20 equilibration unit at the International 

Arctic Research Center, University of Alaska, Fairbanks, USA.  The analytical 

results are presented as per mils deviation of H2
18O/H2

16O ratio from the 

International Standard Mean Ocean Water (VSMOW). Typical analytical error 

was 0.04 per mils for δ18O analysis. 

Yearly biochemical oxygen demand (BOD): For measuring BOD  samples, 100 ml 

oxygen glasses were used. The glass sample containers were sealed with Parafilm to 

exclude atmospheric oxygen. Samples were kept at a temperature of about 0 °C. These 

samples will be analyzed for BOD at the Otto Schmidt Laboratory for Marine and Polar 

Research by using a modified Winkler titration method.  
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7.2.3. Preliminary Results 
Analysis for stable isotope and nutrients has not yet been completed. Below, 

dissolved oxygen results are shown (Fig. 7.25). To compare methods of measuring  

dissolved oxygen by DO sensor and by titration, DO values were measured by a DO 

sensor at each seawater sampling, and the DO value of the collected seawater was 

also obtained by the titration method. In Figure 7.25, differences in DO sensor values 

from the correspondence titration values are plotted.  
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Figure 7.25: Difference in DO values between CTD/DO sensor measurements and chemical 
titration analysis(DOtitration – DOsensor) The difference in surface layer (0-100m) results ranges 

from –1.2 to 0.2 and the difference in deeper layer ranges from –0.3 to 0.3. The data are from 
both descending and ascending casts.  The DO sensor tends to underestimate by 0.2 ml/kg.  

Solid black line represents linear regression of the data. 
 

The west to east cross-sections of DOtitration and DOsensor along cross-section B are 

shown in Figure 7.26. The general pattern of DO distribution obtained by both methods 

is comparable, although some details are different.  DO was high at the surface and the 

steep negative gradient in the subsurface pycnocline, because of the salinity gradient in 

the subsurface water.  At the core depth of AW at about 300 m, there exists a clear DO 

concentration gradient. In addition, the west side of the cross-section is distinctively 

lower than the east side.  DOtitration values along the north–south cross-section A are 

given in Figure 7.27.  
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Figure 7.26: DO distribution based on (a) titration analysis (ml/l) and (b) measurements by the 
DO sensor installed on the CTD system (µmol/kg) along cross-section B. 

 

 
Figure 7.27: Cross-section A of DO titration. 
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At first glance, a startlingly complex structure of DO distribution is revealed in the 

AW layers, suggesting various AW masses, which are subjected to a variety of 

influences after they enter the Arctic Ocean. The cause for distinctively high DO 

contents in the deeper water near the slope has not yet been identified. 

 

The density of Atlantic water and T, S and DO distribution 
In Figure 7.28, Sigma 0 vs in situ seawater temperature is given. The subsurface 

temperature maxima is the core part of the AW mass always located at the density 

value (sigma0) = 27.9.   This density value for the AW with subsurface maxima in 

temperature seems universal anywhere in the Arctic Ocean.  

 

 
 
 

Figure 7.28: Vertical distribution of salinity and density vs temperature at all NABOS-03 
hydrographic stations. 

 
 

Isopycnal distributions of in situ seawater temperature, salinity and DOsensor are 

shown in Figure 7.29.  Both temperature and salinity show west-east contrast in 

distribution. The western side is occupied by relatively warm and more saline AW, 

49 



presumably a young AW mass. The east side shows relatively cold and less saline AW. 

Interestingly, the east side does not have the significant intrusion structures which are 

common in the Laptev Sea as well as in the Kara and Barents Seas.  Those are quite 

different AW masses, which may be closer to that frequently observed in the Canada 

Basin, Chukchi Sea, and the Beaufort Sea.  Co-existence of AW masses with 

distinctively different water properties in the Laptev Sea is clearly revealed in the data.  

Taking a closer look at DO distribution reveals an additional feature. In the southern part 

of the observation area, moderate temperature water with depleted DO can be found.  

This water mass should be formed by strong interaction of the AW mass with the 

continental margin. Thus, a third type of AW mass can be identified in the observed 

data set.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7.29: Isopycnal distributions of in situ seawater temperature, salinity and DOsensor .  
Fluorometer result (fls) was not calibrated well and the observed values are almost at the 

detection limit. Therefore, this result should not be interpreted as reliable.  
 
Closing remarks 

Preliminary analysis of dissolved oxygen data revealed three distinctive AW masses 

in the Laptev Sea, which could have different ages and interaction processes with  the 
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continental margin.  Nutrients data are expected to allow us to construct a more detailed 

picture of the water mass structures in this region, and also to yield some insights into 

the controlling factors for biological activities in this region. Once stable isotope 

analyses are completed, freshwater dispersion patterns and possible mechanisms 

controlling dispersion can be discussed in more quantitative terms. 

 
 
7.2.  ICE BUOYS DEPLOYMENTS (I.Dmitrenko, IARC) 

 

Ice buoys have been used extensively in Arctic and Antarctic regions to track ice 

movement and are available commercially for deployment by ships or aircraft. Such 

buoys are equipped with low temperature electronics and lithium batteries that can 

operate at temperatures down to -50°C. The Mass Balance Buoy (also called the ice-

temperature buoy, the PMEL/CRREL buoy, Figure 7.30 A) includes an acoustic pinger 

that measures the depth of the snow on top of the sea ice. It also includes a chain of 

thermistors which measure temperatures from the air down through the snow cover, 

through the sea ice and into the sea water below the ice. The chain is several meters 

long, and has temperature sensors every 5-10 cm. Data are transmitted by the NOAA 

Argos satellite. The description of AARI (Figure 7.30 C) and AWI (Figure 7.30 B) buoys 

can be found on http://iabp.apl.washington.edu/gpsbuoy.gif and 

http://iabp.apl.washington.edu/awiaari.gif respectively.  

Information about buoy deployments is presented in Table 7.1 and Appendix 1. The 

stations where the buoys were deployed are referenced as ice stations (ICE##03) in the 

chronological order (see also Figure 7.31).  

All buoys were deployed in the vicinity of the oceanographic stations on at least 1 m 

thick two-year old ice. Distance from ice floe edges was at least 400-500 m. Five buoys 

were deployed along the oceanographic transect B (ARGOS ID # 2735, 10120, 2736, 

25526, 10812) and other two buoys were deployed along the transect D (# 2737 and 

10810, Figure 7.31).  
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Figure 7.30: Mass Balance (A), AWI (B) and AARI (C) construction  ARGOS ice buoys 
deployed during NABOS-03 cruise. 
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Figure 7.31: Positions of deployment and drift from September 3-10 to December 1, 2003 of 
ARGOS ice buoys. The buoy numbers are presented  according to ARGOS ID. From December 

1, 2003 the buoy positions have been taken from http://iabp.apl.washington.edu.   
 

 

7.3. ICE CORE SAMPLING 
 
7.3.1. Objectives (H.Eicken, GI) 

The aim of the ice sampling is to complement the stable-isotope measurements 

carried out in the water column and to obtain additional data on the isotopic composition 

of the sea ice. This is of particular interest as the warming signal observed in the Laptev 

Sea is mostly associated with an influx of warmer AW (e.g., Polyakov et al., 2003). This 
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water has a distinct isotopic signature (δ18O approximately -0.3 ‰) and one would 

hence expect to see a corresponding signature in sea ice that grew from water that 

contains a significant fraction of AW. This is illustrated in Figure 7.32 (shown below) 

which summarizes results from ice core measurements carried out in the Laptev Sea in 

1993. Values in the lower parts of the ice core profiles that tend towards or above 0 ‰ 

are formed in water in the western Laptev Sea with substantial inflow and upwelling of 

AW. The interesting aspect here is that the ice cores actually record the growth history 

of the ice such that the ice formed in southern reaches of the Laptev Sea under the 

influence of riverine water is also identifiable.  

 

7.3.2. Methods (H.Eicken, GI) 

The field sampling and sample preparation program included the following steps: 

(1) Ice coring: New ice that is only a few days or weeks old is of no interest to 

this study. Only older ice (first-year or second- or multiyear ice) was sampled 

at the stations where drifting buoys were deployed on the ice.  

(2) Ice sampling: After drilling the cores, they were laid out on the ice and digital 

photographs were taken of the core. The total length of the core was 

measured. Then, samples for stable isotope measurements were cut from the 

core. It has been done immediately after sampling on the ice.  The samples 

were cut with a simple handsaw. 

(3) Sample bottling etc.: Samples were cut across the entire core cross-section. 

These core slices were 5 cm thick. In the upper half of the core they were cut 

every 20 cm; in the lower half of the core they were cut every 10 cm. These 

samples were transferred to plastic zip-lock bags, melted on the ship and 

then poured into small glass containers. Before pouring the water into the 

vials, the water was thoroughly mixed. 
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Figure 7.32: δ18O measurements for three ice cores obtained in the Laptev Sea in 1993. 
The higher values in the lower ice layers indicate growth in water with significant fractions of 

AW. 
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Figure 7.33: Vertical distribution of salinity (psu, left panel) and temperature (°C, right panel) 
along the ice cores. 
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7.3.3. Preliminary Results (A.Klein, O.Andreev, AARI) 

The ice core sampling was carried out on four ice stations (see Table 7.1 and 

Appendix 1 for details). The results of temperature and salinity measurements along the 

ice cores are presented on Figure 7.33. An example of the ice core with sampling cross-

sections from the station ICE0403 is shown in Figure 7.34.  
 

 
 

Figure 7.34: Ice core from the station ICE0403 with sampling cross-sections. 
 

 
 
7.4. BIOLOGICAL OBSERVATIONS (M. Ringuette, LU) 
 
7.4.1. Objectives 

1. Comparison of state variables between the Laptev Sea and the Mackenzie shelf: 

• The comparison of the spatial distribution of the mesozooplankton community 

and its biomass variability along and across the shelf brake area can be a 

serious test of the broad assumption that all the shelves are analogous 

throughout the entire Arctic ocean. This can also be an interesting complement 

to the work done during previous studies of the Laptev Sea [Kosobokova et al. 

1998; Abramova 1999; Kosobokova and Hirche, 2001]; 

• Comparison of individual body length, biomass and state of maturity among the 

major common taxa; 

• Without a sampling device able to stratify the water column, it is difficult to 

comply with the principal aim of the NABOS program which is to study the 
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intrusion of AW masses into the Arctic Ocean. However, the “Sea Mount 

Feature” can represent an oasis of heat and food [Dower and Mackas, 1996; 

Dower and Perry, 2001] and maybe also a retention zone [Flint and Yakushev, 

1988] for larval fish. We will insure that this feature is well sampled. 

2. Determination of the vertical distribution of small species of zooplankton: 

The calibration with the rosette will provide an easier and more accurate way to 

measure spatial and vertical distribution of the small size fraction of the 

mesozooplankton. The problem with conventional methods of collection is the large 

quantity of phytoplankton. The small copepods tend to agglomerate within the 

phytoplankton, making it almost impossible to fractionate the sample for counting. The 

small volume of water sample harvested with the CTD-Rosette is about the same as the 

sample volume we actually require, relieving us of the necessity of further subdividing 

the samples [Nielsen and Andersen, 2002]. 

3. Growth rate comparison of Boreogadus Saida amongst different polynyas including 

the Laptev and the Bathurst polynya (Mackenzie area, CAN):  

The Arctic cod represent a funnel, through which the carbon cycle must pass in 

order to sustain the high biomass of the higher trophic levels (birds, seals and polar 

bears) [Welch et al., 1992]. Apart from the very first weeks of life, we know little about 

the life cycle of this important species. It is believed that the adult cod use the disturbed 

pack ice as a habitat, and several observations tend to corroborate that belief. In 

summer the cod aggregate in large schools whose biomass can attain several tons 

[Welch et al., 1992]. The rest of the life cycle is poorly described, including reproductive 

activities and egg development in the natural environment. By comparing different 

habitats and ecosystems we aim to distinguish between local factors that can promote 

growth and survival, and general species adaptation to the cold Arctic environment. 

Study of genetic differentiation in different fish stocks across the Arctic holds potential 

for defining the structure of the whole arctic population. 

 

7.4.2. Methods 

The sampling area is shown in Figure 7.35. A conical net of 1 m diameter and 

200µm mesh equipped with a TSK flowmeter was towed to every station from 500 m to 
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the surface, or from the bottom when the water was shallower than 500 m. On the side, 

a small net of 10 cm in diameter with 50µm mesh was installed to allow the capture of 

the smaller species of interest along with the young nauplii stages. This setup allows us 

to uniformly sample the water column where all the target species are living and to 

preserve them in 4% buffered formalin solution. Samples will be analyzed to identify the 

lowest taxonomic level in the coming fall at Laval University.  

We sorted individual copepod species which dominate the Arctic Ocean (Calanus 

hyperboreus, C. glacialis and Metridia longa), placed them into a pre-weighted boat, 

and will maintain them in desiccant until our return to the lab in Québec where they will 

be re-weighed. Those individual measurements will be used for comparison between 

the two regions. Along with this, we will measure a reproductive index (RI), following 

Niehoff [1998], allowing us to compare the reproductive state of the two populations. 

The vertical distribution of the small copepods will be assessed by comparing the 

results from using the CTD-Rosette system with the results obtained using the small 

50µm net.  

Juvenile Arctic cod were caught with the double Tucker-like trawl. This trawl consists 

of two 1m2 nets installed side by side on a rectangular frame and equipped with a 

flowmeter. Juveniles caught were individually measured fresh and preserved in 95% 

ethanol. Otoliths will be removed  in the lab, and will be used to estimate individual daily 

growth. Stomach contents will also be analyzed. 

 

7.4.3. Preliminary Results  

Mesozooplankton  
Data from the sorting stations indicate that Calanus finmarchicus, a typical north Atlantic 

species, seems to be present at every station north of the shelf break area. On the other 

hand, this species is at the very end of its latitudinal distribution.  The very low 

temperature that prevails in the Arctic region throughout the whole summer enables C, 

finmarchicus to successfully reproduce. The amphipod Themisto libellula was very 

abundant throughout the entire sampling area and clearly dominates the large size 

fraction at the least shallow stations. The population was composed of at least three 

different cohorts, or year classes.  
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We aim to measured density, total biomass of the mesozooplankton community, and 

individual dry weight back at the Québec Lab. Individual dry weights were taken from 

stations at each extremity of the sampling grid. 

 

 
Figure 7.35: NABOS2003 biological sampling map. 

 

In addition a trial experiment was done in order to measure individual faecal pellet 

production. Thirty-two live female adult animals of different species (8 C. hyperboreus, 8 

C. glacialis, 8 C. finmarchicus and 8 M. longa) were incubated individually in scintillation 

vials filled with 50µm filtered sea water. Incubation temperature was maintained around 

0°C throughout the 24 hours of the experiment. Pellet production will be measured later 

on in the lab. The variation in species and stage will then allow us to explore the 
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morphology and quantification of faecal pellet carbon content for future work with long 

and short sediment traps. 

Vertical distribution of small organisms and calibration 

A total of eight stations were sampled at six different depth strata (Table 7.8). Again, 

all the taxonomical work will be done in the Laval University Lab. 

 

Table 7.8: Sampling of the small zooplankton using the CTD-Rosette system. 

STATION DATE TIME 

(GMT) 

LATITUDE 

(N) 

LONGITUDE 

(E) 

DEPTH STRATA (M) 

KD1303 5/09/03 06:12 79°00.3’ 144°00.5’ 
0, 10, 15, 25, 50, 75, 

86 

KD1403 5/09/03 12:24 79°29.2’ 140°41.3’ 
0, 25, 50, 75, 100, 

300 

KD1603 6/09/03 08:32 79°14.3’ 132°20.5’ 
0, 25, 50, 75, 100, 

300 

KD2003 09/09/03 10:22 77°44.5’ 125°59.3’ 0, 25, 75, 150, 300 

KD2103 09/09/03 15:15 77°30.2’ 126°00.8’ 
0, 25, 50, 75, 100, 

300 

KD2303 10/09/03 00:50 77°15.2’ 126°02.7’ 
0, 25, 50, 75, 100, 

300 

KD2503 11/09/03 02:23 77°00.5’ 126°04.3’ 
0, 25, 50, 75, 100, 

300 

KD2603 11/09/03 05:25 76°44.8’ 126°00.4’ 0, 10, 15, 25, 40, 50 

 

Juvenile Arctic cod  
We were able to sample for fish where ice conditions allowed it, at thirteen different 

stations during this cruise, mostly in the southern parts of the transect (see Table 7.9). 

Among the 153 fish captured, 150 were Arctic cod (Boreogadus saida) and three belong 

to other species. One of these three remains unidentified, and will require more work 

with the taxonomy literature. The other two are from the family Cottidae.  
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For a subset of 50 juveniles, the mean standard length is 29.81 mm. The bimodal 

distribution suggests a population with two cohorts belonging to two different hatching 

events, separate in time and/or in space. According to the age-length key from the 

North Water polynya in 1999, a difference of 10mm in mean length corresponds to a 

difference of 30 days in growth. This relationship will need to be confirmed by 

measurements of individual growth.  
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Figure 7.36: Standard length distribution of the Arctic cod, Boreogadus saida in the 

September 2003 in the Laptev Sea. 
 

Table 7.9: List of stations sampled with the horizontal net and number of juvenile fish 
catches. 

 
STATION DATE TIME 

(GMT) 
LATITUDE 
(N) 

LONGITUDE 
(E) 

# OF 
ARCTIC 
COD 

# OF 
OTHER

KD0603 03/09/03 11:20 79°49.7 133°27.9’ 1 0 

KD1103 05/09/03 1:02 79°24.1’ 143°03.9’ 0 0 

KD1203 05/09/03 4:02 79°15.9’ 143°30.9’ 0 0 

KD1303 05/09/03 6:57 79°00.8’ 144°02.6’ 0 0 

KD1603 06/09/03 8:07 79°14.7’ 132°22.1’ 0 0 

KD1903 09/09/03 6:13 78°05.2’ 126°19.5’ 0 0 

KD2003 09/09/03 12:34 77°41.7’ 125°57.9’ 0 0 

KD2103 09/09/03 17:13 77°29.6’ 126°06.1’ 0 0 

KD2203 09/09/03 22:04 77°14.6’ 127°23.5’ 0 0 
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STATION DATE TIME 
(GMT) 

LATITUDE 
(N) 

LONGITUDE 
(E) 

# OF 
ARCTIC 
COD 

# OF 
OTHER

KD2303 10/09/03 3:05 77°15.0’ 126°08.2’ 0 1 

KD2403 11/09/03 00:01 77°14.5’ 124°50.7’ 0 0 

KD2503 11/09/03 3:22 77°00.5’ 126°06.9’ 7 0 

KD2603 11/09/03 6:15 76°44.7’ 126°00.0’ 146 3 

    Total  154 4 
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Appendix 1: STATION LIST (I.Dmitrenko, IARC, and S.Mastruykov, SRNHI) 
 
Station Number: KD0103     Data: 01/09/03   Time of beginning:  02:15   
                  dd/mm/yy                         hh:mm (GMT) 
Latitude: 78026.4’N  Longitude: 125038.7’E  Depth:  2680 m   Ice:  80% 
             (navigation chart) 
 

Time, GMT GPS Position # Research 
Activity 

beginning end beginning end 

 
Comments 1 

 
Comments 2 

φ= 78024.2’ φ= 78024.2’ 03:58 04:02 
λ=125036.8’ λ=125036.8’ 

Test Up to: 60 m 

φ= 78027.2’ φ= 78028.9’ 

1 CTD 

04:41 06:46 
λ=125036.6’ λ=125038.6’ 

 Up to: 2300 m 

φ= 78030.2’ φ= 78030.2’ 2 Echo-
sounder 

08:53 08:55 
λ=125040.6’ λ=125040.6’ 

 Depth: 
2795m 

φ= 78030.3’ φ= 78031.4’ 3 Rosette 08:55 10:00 
λ=125040.6’ λ=125040.9’ 

 Sampling 
levels: 
0, 25, 50, 75, 
100,150,200, 
250,300,350, 
500m 

φ= 78029.6’ φ= 78030.0’ 4 Net 10:50 11:35 
λ=125039.8’ λ=125040.6’ 

 Up to: 626 m 

φ= 78026.3’ φ= 78026.9’ 5 Mooring 
recovering 

12:55 15:39 
λ=125039.6’ λ=125046.1’ 

  

φ= 78027.1’ φ= 78026.8’ 6 Towed net 15:59 16:23 
λ=125046.5’ λ=125045.7’ 

  

 
Station Number: KD0203     Data: 01/09/03   Time of beginning:  19:40   
               dd/mm/yy           hh:mm (GMT) 
Latitude: 78056.7’N  Longitude: 126003.6’E  Depth:  3000 m   Ice:  30% 
               (navigation chart) 
 

Time, GMT GPS Position  
# 

Research 
Activity 

beginning end beginning end 

 
Comments 1 

 
Comments 2 

φ= 78056.7’ φ= 78056.8’ 1 CTD 21:47 22:47 
λ=126003.6’ λ=126009.9’ 

 Up to: 1100 m 

φ= 78055.8’ φ= 78054.4’ 2 Rosette 00:58 
2/09 

02:15 
2/09 λ=126020.3’ λ=126025.8’ 

 Sampling 
levels: 
0, 25, 50, 75, 
100,150,200, 
230,300,350, 
500 m 

φ= 78056.6’ φ= 78056.0’ 3 Net 23:55 
1/09 

00:45 
2/09 λ=126016.7’ λ=126019.0’ 

 Up to: 540 m 
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Station Number:     Data:    Time of beginning: KD0303 02/09/03  05:00   
    dd/mm/yy                       hh:mm (GMT) 
Latitude: 79015.8’N  Longitude:   Depth:  Ice: 125055.1’E  >3000 m   80% 
                     (navigation chart) 

Time, GMT GPS Position  
# 

Research 
Activity 

beginning end beginning end 

 
Comments 1 

 
Comments 2 

φ= 79015.8’ 01 CTD 05:10 06:33 
λ=125055.1’ λ=125051.8’ 

 Up to: 1100 m 

φ= 79014.2’ φ= 79013.7’ 2 Rosette 06:41 07:46 
λ=125051.4’ λ=125048.1’ 

 Sampling 
levels: 
0, 25, 50, 75, 
100,150,200, 
240,300,350, 
400, 500 m 

φ= 79013.6’ φ= 79013.6’ 3 Net 08:01 08:51 
λ=125047.5’ λ=125046.1’ 

 Up to: 500 m 

φ= 79 14.3’ 

 
Station Number: KD0403     Data: 02/09/03   Time of beginning:  13:00   
              dd/mm/yy                         hh:mm (GMT) 
Latitude: 79049.4’N  Longitude: 126001.9’E  Depth:  >3000 m   Ice:  90% 
       (navigation chart) 

Time, GMT GPS Position  
# 

Research 
Activity 

beginning end beginning end 

 
Comments 1 

 
Comments 2 

φ= 79049.4’ φ= 79048.0’ 1 CTD 13:07 14:50 
λ=126001.9’ λ=126009.4’ 

 Up to: 1800 m 

φ= 79047.6’ φ= 79046.6’ 2 Rosette 15:08 16:10 
λ=126010.5’ λ=126012.7’ 

 Sampling 
levels: 
0, 25, 50, 75, 
100,150, 
200,240,300, 
350, 500m 

φ= 79046.4’ φ= 79045.6’ 3 Net 16:23 17:16 
λ=126013.0’ λ=126013.2’ 

 Up to: 500 m 

 
Station Number: ICE0103     Data: 02/09/03   Time of beginning:  18:17   
               dd/mm/yy       hh:mm (GMT) 
Latitude: 79044.2’N  Longitude: 126035.9’E  Depth:  >3000 m   Ice:  –  
         (navigation chart) 

Time, GMT GPS Position  
# 

Research 
Activity 

beginning end beginning end 

 
Comments 1 

 
Comments 2 

φ= 79044.0’ φ= 79043.7’ 1 Ice station 18:32 19:42 
λ=126035.7’ λ=126035.4’ 

One ice core 
sample 

Ice core 
sampling list: 
0-5; 25-30;  
50-55; 60-65; 
75-80; 90-95; 
105-110cm 

φ= 79043.8’ 2 Ice buoy 18:32 19:04  
λ=126035.6’ 

AARI buoy 
ID #27035 
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Station Number: KD0503     Data: 02/09/03   Time of beginning:  23:00   
                              dd/mm/yy                       hh:mm (GMT) 
Latitude: 79049.6’N  Longitude: 129021.1’E  Depth:  >3000 m   Ice:  50% 
                 (navigation chart) 
 

Time, GMT GPS Position  
# 

 
Research 

Activity beginning end beginning end 

 
Comments 1 

 
Comments 2 

φ= 79049.7’ φ= 79049.8’ 1 CTD 23:10 
2/09 

00:10 
2/09 λ=129021.6’ λ=129025.8’ 

 Up to: 950 m 

φ= 79049.8’ φ= 79049.7’ 2 Rosette 00:17 
3/09 

01:17 
3/09 λ=129026.4’ λ=129031.8’ 

 Sampling 
levels: 
0, 25, 50, 75, 
100,150,200, 
250,300,350, 
400, 500 m 

φ= 79049.6’ φ= 79049.2’ 3 Net 01:30 
3/09 

02:24 
3/09 λ=129033.5’ λ=129038.7’ 

 Up to: 500 m 

 
Station Number: ICE0203     Data: 03/09/03   Time of beginning:  03:00   
                                                  dd/mm/yy                          hh:mm (GMT) 
Latitude: 79047.9’N  Longitude: 129045.1’E  Depth:  >3000 m   Ice:  –  
        (navigation chart) 
 

Time, GMT GPS Position  
# 

Research 
Activity 

beginning end beginning end 

 
Comments 1 

 
Comments 2 

φ= 79047.9’ 1 Ice buoy 03:10 03:30  
λ=129045.1’ 

ARGOS  
ID #10120 

 

 
Station Number: KD0603     Data: 03/09/03   Time of beginning:  06:38   
              dd/mm/yy                        hh:mm (GMT) 
Latitude: 79050.3’N  Longitude: 133023.8’E  Depth:  >3000 m   Ice:  30% 
       (navigation chart) 
 

Time, GMT GPS Position  
# 

 
Research 

Activity beginning end beginning end 

 
Comments 1 

 
Comments 2 

φ= 79050.3’ φ= 79050.3’ 1 CTD 6:44 7:33 
λ=133024.2’ λ=133029.1’ 

 Up to: 1006 m 

φ= 79050.4’ φ= 79050.1’ 2 Rosette 7:39 8:28 
λ=133029.5’ λ=133032.8’ 

 Sampling 
levels: 
0,25,50,100, 
150,200,250, 
300,350,500  

φ= 79050.1’ φ= 79049.9’ 3 Net 8:49 9:32 
λ=133025.1’ λ=133027.6’ 

 Up to: 500 m 

φ= 79049.7’ φ= 79049.6’ 4 Towed net 11:20 11:37 
λ=133027.9’ λ=133025.8’ 
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Station Number: ICE0303     Data: 03/09/03   Time of beginning:  10:07   
                              dd/mm/yy                         hh:mm (GMT) 
Latitude: 79050.2’N  Longitude: 133029.1’E  Depth:  >3000 m   Ice:  –  
        (navigation chart) 
 

Time, GMT GPS Position  
# 

 
Research 

Activity beginning end beginning end 

 
Comments 1 

 
Comments 2 

φ= 79050.2’ φ= 79050.0’ 1 Ice station 10:14 11:03 
λ=133029.1’ λ=133030.0’ 

Two ice 
core 

samples 

Ice core 
sampling list: 
0-5; 5-25;  
25-30; 30-50;  
50-55; 55-65; 
65-70; 70-80; 
80-85; 85-95; 
95-100;100-
110; 110-115; 
115-125 cm 

φ= 79050.0’ 2 Ice buoy 10:14 10:50  
λ=133029.8’ 

AARI buoy 
ID #27036 

 

 
Station Number: KD0703     Data: 03/09/03   Time of beginning:  16:00   
             dd/mm/yy           hh:mm (GMT) 
Latitude: 79050.8’N  Longitude: 137050.7’E  Depth:  3000    Ice:  60% 
       (navigation chart) 
 

Time, GMT GPS Position  
# 

Research 
Activity 

beginning end beginning end 

 
Comments 1 

 
Comments 2 

φ= 79050.8’ φ= 79050.8’ 1 CTD 16:03 16:51 
λ=137051.0’ λ=137053.8’ 

 Up to: 950 m 

φ= 79050.8’ φ= 79050.8’ 2 Rosette 17:01 17:47 
λ=137054.6’ λ=137057.2’ 

 Sampling 
levels: 
0, 25, 50, 75, 
100,150,200, 
250,300,350, 
400, 500m 

φ= 79050.8’ φ= 79050.8’ 3 Net 17:56 18:42 
λ=137051.0’ λ=137051.0’ 

 Up to: 500 m 

φ= 79051.3’ φ= 79051.0’ 4 Towed net 18:54 19:08 
λ=138002.8’ λ=138001.6’ 
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Station Number: ICE0403     Data: 03/09/03   Time of beginning:  19:45   
     dd/mm/yy   hh:mm (GMT) 
Latitude: 79051.1’N  Longitude: 137055.5’E  Depth:  >3000 m   Ice:  80%  
       (navigation chart) 
 

Time, GMT GPS Position  
# 

Research 
Activity 

beginning end beginning end 

 
Comments 1 

 
Comments 2 

φ= 79051.1’ φ= 79050.2’ 1 Ice station 20:30 22:50 
λ=137055.5’ λ=137059.5’ 

Two ice 
core  

samples 

Ice core 
sampling list: 
0-5; 5-25;  
25-30; 30-50; 
35-40, 40-50,  
50-55; 55-63; 
63-68; 68-78; 
78-83, 83-93; 
93-98; 98-108; 
108-111; 111-
121, 121-126, 
126-130 cm 

φ= 79050.2’ 2 Actinometry 20:30 22:50  
λ=137059.5’ 

  

φ= 79050.2’ 3 Ice buoy 20:30 22:50  
λ=137059.5’ 

CREL Buoy  

 
 
Station Number: KD0803     Data: 04/09/03   Time of beginning:  05:09   
             dd/mm/yy           hh:mm (GMT) 
Latitude: 80004.9’N  Longitude: 142022.4’E  Depth:  2000     Ice:  90% 
              (navigation chart) 
 

Time, GMT GPS Position  
# 

Research 
Activity 

beginning end beginning end 

 
Comments 1 

 
Comments 2 

φ= 80004.9’ φ= 80004.8’ 1 CTD 5:14 5:55 
λ=142022.4’ λ=142024.5’ 

 Up to: 900 m 

φ= 80004.8’ φ= 80004.6’ 2 Rosette 6:01 6:48 
λ=142024.8’ λ=142026.9’ 

 Sampling 
levels: 
0, 25, 50, 75, 
100,150,200, 
250,300,350, 
500 m 

φ= 80004.6’ φ= 80004.3’ 3 Net 6:58 7:43 
λ=142027.5’ λ=142029.4’ 

 Up to: 500 m 
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Station Number: ICE0503     Data: 04/09/03   Time of beginning:  08:05   
                dd/mm/yy            hh:mm (GMT*) 
Latitude: 80004.2’N  Longitude: 142030.8’E  Depth:  >3000 m   Ice:  –  
       (navigation chart) 

Time, GMT GPS Position Comments 1 Comments 2  
# 

 
Research 

Activity beginning end beginning end   

φ= 80004.1’ 1 Ice buoy 08:05 8:24  
λ=142031.3’ 

ARGOS 
ID #10812 

 

 
Station Number: KD0903     Data: 04/09/03   Time of beginning:  10:37   
               dd/mm/yy         hh:mm (GMT) 
Latitude: 79050.1’N  Longitude: 141058.0’E  Depth:  3000 m   Ice:  90% 
            (navigation chart) 

Time, GMT GPS Position  
# 

Research 
Activity 

beginning end beginning end 

 
Comments 1 

 
Comments 2 

φ= 79050.1’ φ= 79049.9’ 1 CTD 10:37 11:15 
λ=141058.0’ λ=141059.5’ 

 Up to: 850 m 

φ= 79049.9’ φ= 79049.7’ 2 Rosette 11:21 12:02 
λ=141059.6’ λ=142000.1’ 

 Sampling 
levels: 
0, 25, 50, 75, 
100,150,200, 
250,300,350, 
400, 500 m 

φ= 79049.7’ φ= 79049.6’ 3 Net 12:12 12:58 
λ=142000.2’ λ=142000.8’ 

 Up to: 500 m 

 
Station Number: ICE0603     Data: 04/09/03   Time of beginning:  14:50   
               dd/mm/yy           hh:mm (GMT) 
Latitude: 79048.4’N  Longitude: 141051.6’E  Depth:  >3000 m   Ice:  80%  
         (navigation chart) 

Time, GMT GPS Position  
# 

Research 
Activity 

beginning end beginning end 

 
Comments 1 

 
Comments 2 

φ= 79048.4’ φ= 79048.4’ 1 Ice station 15:07 16:02 
λ=142031.3’ λ=141052.2’ 

Two ice core  
samples 

Ice core 
sampling list: 

0-5; 5-25;25-
30;30-50;50-
55;55-75;75-
80;80-90;90-
95;95-105;105-
110;110-
120,120-125, 
125-135,135-
140,140-150, 
150-155,155-
195,195-200cm

φ= 79048.4’ 2 Ice buoy 15:07 15:25  
λ=141052.2’ 

AARI buoy 
ID#27037 
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Station Number: KD1003     Data: 04/09/03   Time of beginning:  18:28   
               dd/mm/yy            hh:mm (GMT) 
Latitude: 79035.3’N  Longitude: 142030.9’E  Depth:  1190 m   Ice:  60% 
          (navigation chart) 
 

Time, GMT GPS Position  
# 

Research 
Activity 

beginning end beginning end 

 
Comments 1 

 
Comments 2 

φ= 79035.3’ φ= 79035.2’ 1 CTD 18:40 19:19 
λ=142031.6’ λ=142033.7’ 

 Up to: 900 m 

φ= 79035.2’ φ= 79035.0’ 2 Rosette 19:25 20:14 
λ=142033.9’ λ=142036.2’ 

 Sampling 
levels: 
0, 25, 50, 75, 
100,150,200, 
250,300,350, 
400, 500m 

φ= 79035.0’ φ= 79034.8’ 3 Net 20:23 21:06 
λ=142036.6’ λ=142038.8’ 

 Up to: 500 m 

 
Station Number: KD1103     Data: 04/09/03   Time of beginning:  22:38   
               dd/mm/yy          hh:mm (GMT) 
Latitude: 79024.8’N  Longitude: 143002.2’E  Depth:  520 m   Ice:  50% 
                 (navigation chart) 
 

Time, GMT GPS Position  
# 

Research 
Activity 

beginning end beginning end 

 
Comments 1 

 
Comments 2 

φ= 79024.8’ φ= 79024.7’ 1 CTD 22:44 23:01 
λ=143002.5’ λ=143003.0’ 

 Up to: 490 m 

φ= 79024.7’ φ= 79024.4’ 2 Rosette 23:08 23:54 
λ=143003.4’ λ=143004.8’ 

 Sampling 
levels: 
0, 25, 50, 75, 
100,150,200, 
250,300,350, 
500 m 

φ= 79024.3’ φ= 79024.2’ 3 Net 00:06 
05/09 

00:45 
05/09 λ=143005.2’ λ=143006.0’ 

 Up to: 400 m 

φ= 79024.1’ φ= 79023.9’ 4 Towed net 01:00 
05/09 

01:18 
05/09 λ=143003.9’ λ=143002.2’ 
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Station Number: KD1203     Data: 05/09/03   Time of beginning:  02:41   
               dd/mm/yy                            hh:mm (GMT) 
Latitude: 79015.7’N  Longitude: 143030.0’E  Depth:  210 m   Ice:  40% 
            (navigation chart) 
 

Time, GMT GPS Position  
# 

Research 
Activity 

beginning end beginning end 

 
Comments 1 

 
Comments 2 

φ= 79015.7’ φ= 79015.7’ 1 CTD 02:45 02:52 
λ=143030.1’ λ=143030.2’ 

 Up to: 160 m 

φ= 79015.7’ φ= 79015.8’ 2 Rosette 02:58 03:21 
λ=143030.3’ λ=143030.6’ 

 Sampling 
levels: 
2, 24, 40, 74, 
98,149,191m 

φ= 79015.8’ φ= 79015.8’ 3 Net 03:31 03:51 
λ=143030.7’ λ=143031.0’ 

 Up to: 185 m 

φ= 79015.9’ φ= 79015.9’ 4 Towed net 04:02 04:20 
λ=143030.9’ λ=143027.9’ 

  

 
Station Number: KD1303     Data: 05/09/03   Time of beginning:  05:53   
             dd/mm/yy            hh:mm (GMT) 
Latitude: 79000.1’N  Longitude: 143059.6’E  Depth:  100 m   Ice: 20% 
        (navigation chart) 
 

Time, GMT GPS Position # Research 
Activity 

beginning end beginning end 

 
Comments 1 

 
Comments 2 

φ= 79000.2’ φ= 79000.2’ 1 CTD 06:00 06:05 
λ=143059.8’ λ=144000.1’ 

 Up to: 60 m 

φ= 79000.3’ φ= 79000.5’ 2 Rosette 06:12 06:29 
λ=144000.5’ λ=144001.4’ 

 Sampling 
levels: 
0, 10, 15, 25, 
50, 75, 90m 

φ= 79000.6’ φ= 79000.8’ 3 Net 06:37 06:50 
λ=144001.8’ λ=144002.6’ 

 Up to: 85 m 

φ= 79000.8’ φ= 79000.8’ 4 Towed net 06:57 07:12 
λ=144002.6’ λ=144000.4’ 
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Station Number: KD1403     Data: 05/09/03   Time of beginning:  11:28   
               dd/mm/yy             hh:mm (GMT) 
Latitude: 79029.5’N  Longitude: 140 40.9’E0   Depth:  1450 m   Ice:  90% 
        (navigation chart) 
 

Time, GMT GPS Position # Research 
Activity 

beginning end beginning end 

 
Comments 1 

 
Comments 2 

φ= 79029.4’ φ= 79029.2’ 1 CTD 11:36 12:19 
λ=140041.1’ λ=140041.4’ 

 Up to: 900 m 

φ= 79029.2’ φ= 79029.0’ 2 Rosette 12:24 13:11 
λ=140041.3’ λ=140040.9’ 

 Sampling 
levels: 
0, 25, 50, 75, 
100,150,200, 
250,300,350, 
400, 500 m 

φ= 79029.0’ φ= 79028.9’ 3 Net 13:21 14:02 
λ=140040.8’ λ=140040.6’ 

 Up to: 500 m 

 
Station Number: KD1503     Data: 05/09/03   Time of beginning:  21:06   
               dd/mm/yy                           hh:mm (GMT) 
Latitude: 79030.8’N  Longitude: 134041.4’E  Depth:  2000 m   Ice:  80% 
        (navigation chart) 

Time, GMT GPS Position  
# 

Research 
Activity 

beginning end beginning end 

 
Comments 1 

 
Comments 2 

φ= 79030.6’ φ= 79030.2’ 1 CTD 21:26 22:03 
λ=134041.8’ λ=134041.8’ 

 Up to: 900 m 

φ= 79030.2’ φ= 79030.0’ 2 Rosette 22:12 23:03 
λ=134041.8’ λ=134041.9’ 

 Sampling 
levels: 
0, 25, 50, 75, 
100,150,200, 
250,300,350, 
400, 500m 

φ= 79029.7’ φ= 79029.5’ 3 Net 23:13 23:58 
λ=134041.9’ λ=134042.3’ 

 Up to: 500 m 

 
Station Number: ICE0703     Data: 06/09/03   Time of beginning:  00:29   
               dd/mm/yy             hh:mm (GMT) 
Latitude: 79032.5’N  Longitude: 134031.3’E  Depth:  2000 m   Ice:  80%  
        (navigation chart) 
 

Time, GMT GPS Position  
# 

Research 
Activity 

beginning end beginning end 

 
Comments 1 

 
Comments 2 

φ= 79032.5’ 1 Ice buoy 00:29 00:42  
λ=134031.6’ 

ARGOS  
ID #10810 
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Station Number: KD1603     Data: 06/09/03   Time of beginning:  04:53   
               dd/mm/yy    hh:mm (GMT) 
Latitude: 79015.1’N  Longitude: 132012.3’E  Depth:  3000 m   Ice:  50% 
       (navigation chart) 

Time, GMT GPS Position  
# 

Research 
Activity 

beginning end beginning end 

 
Comments 1 

 
Comments 2 

φ= 79015.0’ φ= 79014.6’ 1 CTD 05:05 05:42 
λ=132013.0’ λ=132015.0’ 

 Up to: 900 m 

φ= 79014.5’ φ= 79015.0’ 05:50 06:54 
λ=132015.4’ λ=132018.2’ 

Unsuccessful 
attempt 

 
 

φ= 79014.3’ φ= 79014.3’ 

2 Rosette 

08:32 09:34 
λ=132020.5’ λ=132026.8’ 

 Sampling 
levels: 
0, 25, 50, 75, 
100,150,200, 
250,300,350, 
400, 500m 

φ= 79014.7’ φ= 79014.7’ 3 Net 07:06 07:55 
λ=132016.1’ λ=132021.4’ 

 Up to: 500 m 

φ= 79014.7’ φ= 79014.6’ 4 Towed net 08:07 08:20 
λ=132022.1’ λ=132020.7’ 

  

 
Station Number: KD1703     Data: 06/09/03   Time of beginning:  14:53   
              dd/mm/yy             hh:mm (GMT) 
Latitude: 78054.1’N  Longitude: 128009.8’E  Depth:  3000m     Ice:  50% 
        (navigation chart) 
 

Time, GMT GPS Position  
# 

Research 
Activity 

beginning end beginning end 

 
Comments 1 

 
Comments 2 

φ= 78054.0’ φ= 78053.4’ 1 CTD 14:59 15:36 
λ=128010.0’ λ=128011.1’ 

 Up to: 900 m 

φ= 78054.5’ φ= 78054.1’ 16:18 17:21 
λ=128006.4’ λ=128014.0’ 

 Sampling 
levels: 
0, 25, 50, 75, 
100,150,200, 
250,300,400, 
500 m 

φ= 78051.3’ φ= 78050.8’ 

2 Rosette: 
Cast1: 
 
 
 
 
Cast 2: 19:29 20:17 

λ=128014.4’ λ=128010.0’ 
Sampling for 
intrusion 
investigation 

Sampling 
levels: 
161,164,180, 
190,191,194, 
209, 223 m 

φ= 78053.7’ φ= 78052.9’ 3 Net 17:39 18:36 
λ=128015.7’ λ=128019.2’ 

 Up to: 500 m 
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Station Number: KD1803     Data: 06/09/03   Time of beginning:  23:32   
                               dd/mm/yy         hh:mm (GMT) 
Latitude: 78027.0’N  Longitude: 125040.7’E  Depth:  2700m   Ice:  50% 
            (navigation chart) 
 

Time, GMT GPS Position  
# 

Research 
Activity 

beginning end beginning end 

 
Comments 1 

 
Comments 2 

φ= 78027.0’ φ= 78027.0’ 1 CTD 23:32 
6/09 

00:11 
7/09 λ=125040.7’ λ=125045.0’ 

 Up to: 900 m 

φ= 78027.1’ φ= 78027.3’ 2 Net 00:19 
7/09 

01:27 
7/09 λ=125046.6’ λ=125054.6’ 

 Up to: 500 m 

 φ= 78026.6’ 3 Echo-
sounder 

03:15 
7/09 

23:13 
8/09  λ=125040.3’ 

 Depth: 
2699 

 φ= 78026.65’ 4 Mooring 
deployment 

05:15 
7/09 

23:13 
8/09  λ=125040.27’ 

  

 
Station Number: KD1903     Data: 09/09/03   Time of beginning:  01:45   
               dd/mm/yy              hh:mm (GMT) 
Latitude: 78005.7’N  Longitude: 126003.5’E  Depth:  2100 m   Ice:  20% 
        (navigation chart) 
 

Time, GMT GPS Position  
# 

Research 
Activity 

beginning end beginning end 

 
Comments 1 

 
Comments 2 

φ= 78005.8’ φ= 78005.9’ 1 CTD 02:30 03:48 
λ=126005.9’ λ=126010.2’ 

 Up to: 1900 m 

φ= 78005.9’ φ= 78005.7’ 2 Rosette 03:58 05:02 
λ=126010.8’ λ=126015.7’ 

 Sampling 
levels: 
198,207,220, 
224,238,252, 
325,349,365, 
390, 400 m 

φ= 78005.7’ φ= 78005.4’ 3 Net 05:10 05:56 
λ=126016.5’ λ=126018.7’ 

 Up to: 500 m 

φ= 78005.2’ φ= 78005.9’ 4 Towed net 06:13 06:36 
λ=126019.5’ λ=126020.9’ 
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Station Number: KD2003     Data: 09/09/03   Time of beginning:  09:02   
               dd/mm/yy            hh:mm (GMT) 
Latitude: 77044.8’N  Longitude: 125059.8’E  Depth:  1800m   Ice:  40% 
                              (navigation chart) 
 

Time, GMT GPS Position  
# 

Research 
Activity 

beginning end beginning end 

 
Comments 1 

 
Comments 2 

 φ= 77045.0’ 1 Echo-
sounder 

09:02 09:17 
 λ=125059.5’ 

 Depth: 
1700 

φ= 77045.0’ φ= 77044.6’ 2 CTD 09:17 10:15 
λ=125059.5’ λ=125059.3’ 

 Up to: 1600 m 

φ= 77044.5’ φ= 77044.2’ 3 Rosette 10:22 11:12 
λ=125059.3’ λ=125059.9’ 

 Sampling 
levels: 
0,25,75,150, 
193,209,236, 
271,286,306, 
329, 423m 

φ= 77044.2’ φ= 77044.1’ 4 Net 11:21 12:11 
λ=125059.9’ λ=125059.9’ 

 Up to: 500 m 

φ= 77041.7’ φ= 77042.2’ 5 Towed net 12:34 12:46 
λ=125057.9’ λ=125058.4’ 

  

 
Station Number: KD2103     Data: 09/09/03   Time of beginning:  13:51   
                                               dd/mm/yy              hh:mm (GMT) 
Latitude: 77030.4’N  Longitude: 125058.0’E  Depth:  1500m   Ice:  40% 
                 (navigation chart) 
 

Time, GMT GPS Position  
# 

Research 
Activity 

beginning end beginning end 

 
Comments 1 

 
Comments 2 

 φ= 77030.4’ 1 Echo-
sounder 

13:51 13:59 
 λ=125058.1’ 

 Depth: 
1800 

φ= 77030.4’ φ= 77030.2’ 2 CTD 13:59 15:07 
λ=125058.1’ λ=126000.0’ 

 Up to: 1600 m 

φ= 77030.2’ φ= 77030.0’ 3 Rosette 15:15 16:00 
λ=126000.8’ λ=126002.7’ 

 Sampling 
levels: 
0,25,75,150, 
200,245,269, 
281,299,400, 
494 m 

φ= 77030.0’ φ= 77029.8’ 4 Net 16:12 17:03 
λ=126003.4’ λ=126006.0’ 

 Up to: 500 m 

φ= 77029.6’ φ= 77029.6’ 5 Towed net 17:13 17:50 
λ=126006.1’ λ=126008.1’ 
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Station Number: KD2203     Data: 09/09/03   Time of beginning:  19:30   
               dd/mm/yy                            hh:mm (GMT) 
Latitude: 77015.0’N  Longitude: 127014.9’E  Depth:  800m   Ice:  40% 
                 (navigation chart) 
 

Time, GMT GPS Position  
# 

Research 
Activity 

beginning end beginning end 

 
Comments 1 

 
Comments 2 

 φ= 77015.0’ 1 Echo-
sounder 

19:30 19:33 
 λ=127014.9’ 

 Depth: 
800 

φ= 77015.0’ φ= 77014.9’ 2 CTD 19:35 20:01 
λ=127014.9’ λ=127016.0’ 

 Up to: 720 m 

φ= 77014.9’ φ= 77014.7’ 3 Rosette 20:02 20:54 
λ=127016.5’ λ=127019.7’ 

 Sampling 
levels: 
2, 24, 50, 75, 
99,151,200, 
250,299,350, 
399, 501 m 

φ= 77014.7’ φ= 77014.5’ 4 Net 21:03 21:55 
λ=127020.3’ λ=127023.6’ 

 Up to: 500 m 

φ= 77014.6’ φ= 77015.1’ 5 Towed net 22:04 22:22 
λ=127023.5’ λ=127025.5’ 

  

 
Station Number: KD2303     Data: 09/09/03   Time of beginning:  23:48   
              dd/mm/yy             hh:mm (GMT) 
Latitude: 77015.0’N  Longitude: 126000.6’E  Depth:  1300m   Ice:  40% 
        (navigation chart) 
 

Time, GMT GPS Position  
# 

Research 
Activity 

beginning end beginning end 

 
Comments 1 

 
Comments 2 

φ= 77015.0’ φ= 77015.2’ 1 CTD 00:00 
10/9 

00:48 
10/9 λ=126000.6’ λ=126002.8’ 

 Up to: 1200 m 

φ= 77015.2’ φ= 77015.0’ 2 Rosette 00:50 
10/9 

01:53 
10/9 λ=126002.7’ λ=126004.9’ 

 Sampling 
levels: 
0, 25, 50, 75, 
100,150,200, 
250,300,400, 
500 m 

φ= 77014.9’ φ= 77014.9’ 3 Net 02:08 
10/9 

02:55 
10/9 λ=126005.4’ λ=126007.7’ 

 Up to: 500 m 

φ= 77015.0’ φ= 77015.1’ 4 Towed net 03:05 
10/9 

03:20 
10/9 λ=126008.2’ λ=126007.1’ 

  

 φ= 77019.1’ 5 Echo-
sounder 

06:07 
10/9 

17:31 
10/9  λ=126006.4’ 

 Depth: 
1400 m 

 φ= 77019.1’ 6 Mooring 
deployment 

15:22 
10/9 

18:42 
10/9  λ=126006.4’ 
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Station Number: KD2403     Data: 10/09/03   Time of beginning:  21:07   
                                     dd/mm/yy             hh:mm (GMT) 
Latitude: 77015.1’N  Longitude: 124045.4’E  Depth:  1100m   Ice:  40% 
             (navigation chart) 
 

Time, GMT GPS Position  
# 

Research 
Activity 

beginning end beginning end 

 
Comments 1 

 
Comments 2 

 Φ= 77015.0’ 1 Echo-
sounder 

21:07 21:16 
 Λ=124045.9’ 

 Depth: 
1060m 

φ= 77015.0’ Φ= 77014.9’ 2 CTD 21:16 21:55 
λ=124045.9’ Λ=124047.2’ 

 Up to: 1000 m 

φ= 77014.8’ Φ= 77014.7’ 3 Rosette 22:02 22:58 
λ=124047.5’ Λ=124049.0’ 

 Sampling 
levels: 
2, 25, 50, 75, 
100,150,200, 
250,300,350, 
400 m 

φ= 77014.6’ Φ= 77014.5’ 4 Net 23:12 23:52 
λ=124049.4’ Λ=124050.7’ 

 Up to: 500 m 

φ= 77014.5’ Φ= 77014.6’ 5 Towed net 00:01 
11/9 

00:15 
11/9 λ=124050.7’ Λ=124049.6’ 

  

 
Station Number: KD2503     Data: 11/09/03   Time of beginning:  01:57   
               dd/mm/yy                         hh:mm (GMT) 
Latitude: 77000.4’N  Longitude: 126000.1’E  Depth:  200m   Ice:  40% 
              (navigation chart) 
 

Time, GMT GPS Position  
# 

Research 
Activity 

beginning end beginning end 

 
Comments 1 

 
Comments 2 

 φ= 77000.4’ 1 Echo-
sounder 

01:57 02:02 
 λ=126000.1’ 

 Depth: 
180m 

φ= 77000.4’ φ= 77000.5’ 2 CTD 02:02 02:14 
λ=126000.1’ λ=126003.7’ 

Anchor touch 
Bottom 

Up to: 160 m 

φ= 77000.5’ φ= 77000.5’ 3 Rosette 02:23 02:43 
λ=126004.3’ λ=126005.4’ 

 Sampling 
levels: 
1, 7, 13, 18, 
22,28,54,69, 
80 m 

φ= 77000.5’ φ= 77000.5’ 4 Net 02:56 03:07 
λ=126006.1’ λ=126006.9’ 

 Up to: 80 m 

φ= 77000.5’ φ= 76059.4’ 5 Towed net 03:22 03:38 
λ=126006.9’ λ=126008.6’ 
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Station Number: KD2603     Data: 11/09/03   Time of beginning:  05:02   
                                                   dd/mm/yy            hh:mm (GMT) 
Latitude: 76045.0’N  Longitude: 126000.3’E  Depth:  100m   Ice:  40% 
                 (navigation chart) 
 

Time, GMT GPS Position  
# 

Research 
Activity 

beginning end beginning end 

 
Comments 1 

 
Comments 2 

 φ= 76045.0’ 1 Echo-
sounder 

05:02 05:15 
 λ=126000.3’ 

 Depth: 
60m 

φ= 76045.0’ φ= 76045.0’ 2 CTD 05:15 05:20 
λ=126000.3’ λ=126000.3’ 

Anchor touch 
bottom 

Up to: 50 m 

φ= 76044.8’ φ= 76044.8’ 3 Rosette 05:25 05:46 
λ=126000.4’ λ=126000.7’ 

 Sampling 
levels: 
0,5,10,15,20,
25,30,40, 
50 m 

φ= 76044.8’ φ= 76044.8’ 4 Net 05:55 06:05 
λ=126000.9’ λ=126001.0’ 

 Up to: 50 m 

φ= 76044.7’ φ= 76044.9’ 5 Towed net 06:15 06:30 
λ=126000.0’ λ=126003.3’ 
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