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GLOSSARY 
Institutions and organizations: 

AARI  Arctic and Antarctic Research Institute, St.Petersburg, Russia 
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BU  Bangor University, UK 
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EU  European Union 
GI  Geophysical Institute, University of Alaska Fairbanks, Alaska, USA 
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IAF  Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russia 
IARC  International Arctic Research Center, University of Alaska Fairbanks, Alaska, USA 
IORAS P.P.Shirshov Institute of Oceanology, Russian Academy of Sciences, Moscow, Russia 
IOS  Institute of Ocean Sciences, BC, Canada 
LU  Laval University, Quebec City, Quebec, Canada 
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NOCS  National Oceanographic Center, Southampton, UK 
OM  Oceanetic Measurement Ltd., Sidney, BC, Canada  
POI  V.I.Il’ichov Oceanographic Institute, Far Eastern Branch of the Russian Academy of Sciences 
RAS  Russian Academy of Sciences 
SAMS  Scottish Associationn of Marine Science, UK  
UAF  University of Alaska Fairbanks, Alaska, USA 
UCL  University College London, UK 
UW  University of Washington, USA 
VNIRO All-Russian Research Institute of Fisheries and Oceanography 
WHOI  Woods Hole Oceanographic Institution, USA 

 

Equipment: 

ADCP  Acoustic Doppler Current Profiler, an instrument that measures these parameters. 
BPR  Bottom Pressure Recorder, an instrument that measure these parameters. 
CTD  Conductivity, Temperature and Depth; an instrument that measures these parameters. 
MMP  McLane Moored Profiler 
SBE  Seabird, a Seattle based company that produces a number of oceanographic instruments 
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PREFACE 
In 2018, we conducted our eleventh cruise aboard the Russian Research Vessel Akademik 
Tryoshnikov. Multidisciplinary observational program incorporating NABOS, AARI and 
CATS/AWI components — including chemical, biological, atmospheric, and ice observations, and 
complemented by moorings measurements — helps assess the ocean's role in climate change. 
These observations are therefore critical to the Arctic Ocean observational network.  
The science component of the cruise was a success. Our extensive mooring program resulted in 
recovery of all (100%) moorings deployed in 2015. After three years in water, most instruments 
from NABOS moorings provided full three year long records. One NABOS mooring was deployed 
in 2018 at our climatological site in the central Laptev Sea where we maintain mooring 
observations since 2002. That will be critical for assessment of long-term changes in this important 
part of the Arctic Ocean. Mooring observations were complemented by extensive oceanographic 
CTD and microstructure survey which brought wealth of data to describe spatial pattern of ongoing 
critical changes in the eastern Eurasian Basin and Laptev / East Siberian seas.   
The success of the scientific part of our program was in contrast with logistical problems we have 
met as a result of limitations and discrepancies in the permission issued by the Russian authorities 
to conduct our work within the Russian Exclusive Economic Zone (EEZ). As a result, the ship 
spent more time than expected in Arkhangelsk passing formalities related to custom and border 
patrol inspection. Moreover, due to discrepancies in the permission’s provisions, a part of our 
equipment was left in the port. Extremely light ice conditions made our observations easier and 
faster so we mostly compensated time lost in the Russian port, but the Lagrangian drifters and a 
mooring were not deployed during the cruise as planned.  
Despite bureaucratic obstacles, the cruise was a scientific success. In that, performance of NABOS 
team  and our international collaborators was critical. Observations carried out in this key part of 
the Arctic Ocean provide new insight into the increasing role of the Arcvtic Ocean in shaping 
climatic changes in the eastern Arctic Ocean.  

 
 

Igor Polyakov Igor Ashik Vladimir Ivanov 

US Principal Investigator Russian Principal Investigator Cruise Chief Scientist 
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I.1. INTRODUCTION (I. Polyakov, IARC) 
Our 2018 Arctic research cruise aboard the RV “Akademik Tryoshnikov” was the eleventh expedition under 
the aegis of NABOS (the Nansen and Amundsen Basins Observational System) conducted by the 
International Arctic Research Center (IARC) at the University of Alaska Fairbanks (UAF) and the Applied 
Physics Laboratory (APL) of the University of Washington (UW), in partnership with the Arctic and 
Antarctic Research Institute (AARI, St. Petersburg, Russia). The cruise incorporated several mutually 
complementing but formally independed programs conduced by NABOS, CATS (Geomar lead) and AWI 
ice camp and mooring recovery program. Permissions for NABOS work and for work conducted by 
German scientists were obtained separately. All permissions were limited granting CTD observations and 
water sampling and mooring recoverly but prohibiting new deployments of moorings and buoys within the 
Russian EEZ.  

     The main goal of NABOS part of the cruise was to provide a quantitative assessment of circulation and 
water-mass transformation along the principal pathways transporting water from the Nordic Seas to the 
Arctic Basin. Specific features of the 2018 NABOS cruise, in addition to our “standard” cruise program, 
were our extensive mooring recovery program and an experiment designed to better understand mixing 
rates and mechanisms of mixing in the eastern Eurasian Basin. New, unique scientific data collected along 
the Eurasian and Makarov basin continental margin under extreme climatological conditions will be vital 
for understanding Arctic climate change.  

     During this expedition we: 

ü Recovered 100% (13) deep-water moorings which were deployed in 2015. Most instruments 
provided full three-year long records. 

ü Deployed one long-term mooring which can safely stay in water and provide data for over four 
years. Observations at this Laptev Sea slope site started in 2002 and the ongoing measurements are 
key to maintain sustain observations in the area. 

ü Made 145 CTD stations (NABOS+CATS). 
ü Got more than 8000 water samples. 
ü Got more than 100 CTD profiles using underway CTD system. 
ü Made microstructure survey. 
ü Made six ice stations (AWI). 
ü Scientists from USA, Norway, and Germany carried out an experiment which included a short-

term (19 days) mooring deployment with high-frequency sampling in the upper 200m ocean and 
24hr microstructure station overlapped mooring observations. The goal of this experiment was to 
quantify and understand drivers of oceanic heat fluxes in the eastern Eurasian Basin. 

     Preliminary analysis of observations suggest that, probably a new warm pulse of Atlantic Water enters 
the Arctic Ocean. In combination with continuous trends towards weaker stratification that suggests greater 
role of Atlantic Water heat in shaping the state of sea ice in the eastern Arctic Ocean – fundamental 
contribution of our program to underatsning high-latitude climate changes.   
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I.2. RESEARCH VESSEL 
The Russian RV Akademik Tryoshnikov (Fig. I.2.1) has been chartered by UAF to carry out oceanographic 
research over the continental slope of the Siberian Arctic shelf. This ship is operated by the Arctic and 
Antarctic Research Institute (AARI). RV Akademik Tryoshnikov is a powerful, conventionally-propelled 
ship, constructed in 2012 at the Admiralty Shipyard, St.-Petersburg, Russia. It was intended for work in 
Arctic and Antarctic conditions. 

The ship’s main technical characteristics are presented in Table I.2.1. In open water and broken ice, the 
ship can move forward and backward. Meanwhile in consolidated ice, the ship cannot break ice when 
moving backward. Four thrusters (two at the bow and two at the stern) provide high maneuverability of the 
ship over short distance. Pumps can move 74 tons of water per minute between ballast and heeling tanks. 
Fresh water is provided from a vacuum distillation apparatus heated by exhaust gases, which is 
supplemented by a reverse osmosis apparatus; a maximum of 80 tons per day can be produced. There are 
two helicopter decks. The main one is located at the stern. It allows full servicing of a mid-size helicopter. 
The auxiliary helicopter deck is located at the bow. It may be used for download/upload without helocopter 
landing on the deck. Safety equipment includes two fully-enclosed lifeboats and four inflatable life rafts 
(total capacity 140 persons). The ship is equipped with 3 deck cranes. Forward crane may operate on both 
sides and lift up to 10 tons. Two aft cranes can lift up to 5 tons. Bow crane may reach to a distance up to 25 
meters off the ship. The aft cranes may reach up to 15 meters off the ship, but may not reach the far side of 
the helicopter deck at the stern.  

 

  

Figure I.2.1: RV Akademik Tryoshnikov. 
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Table I.2.1: Main technical characteristics of RV Akademik Tryoshnikov 

Because of the poor configuration of the main deck of the ship, from where her oceanographic winches and 
A-frame are operated, a decision was made to install a set of NABOS equipment, including an A-frame, 
LEBOS winch, and HAWBOLDT capstan on the helicopter deck. Our 2015 cruise proved this decision 
correct. The LEBUS double-drum electric oceanographic winch (Fig. I.2.2, left; manufactured by LEBUS 
Engineering International Ltd., England) was installed for deploying/recovering moorings. The winch’s 
electric motor power is 7.3 KW. Each drum capacity is 3500 m of 0.3-inch cable, with the left drum used 
only for mooring recovery and the right drum with a spooling mechanism and a 3000-m long mechanical 
cable for carrying the CTD probe, nets, and trawl. A HAWBOLDT C15-40 horizontal capstan 
(manufactured by HAWBOLDT Industries, 1989, Ltd., Canada) was placed near the LEBUS winch (Fig. 
I.2.2, right). This capstan is equipped with an 11.2 KW two-speed Toshiba electric motor, and is used for 
mooring deployment/recovery. The horizontal drum diameter is 40”. The A-frame was installed offset from 
the center line of the helicopter deck, in order to better match deck beams underneath (Fig. I.2.3). All these 
devices were welded to the helicopter deck in Kirkenes, Norway by KIMEK specialists. 

 

Displacement 16701 t (full load) 

Draft 8.5 m 

Breadth 23.25 m 

Length 134m (overall) 

Builder Admiralty shipyard, St.Petersburg, RUSSIA, 2012 

Main engines power 17400 kWt 

Maximum endurance 

(days) 

limited by fuel capacity at service speed – 80, by food – 70, by fresh water 

working desalters – 80 

Fuel IFO-30 for main diesel sets, MGO for auxiliary generator sets 

Fuel storage  2800 ton IFO-30 and 600 ton MGO 

Hull thickness 45 mm where hull meets ice (the ice skirt) and 22-35 mm elsewhere 

Maximum Speed 16 knot in calm open water  

Operational Speed 14 knot in calm open water  

Speed in ice 2 to 10,0 knots depending in ice thickness and concentration (in 1m thick 

level ice the speed is 2 knots) 

Classification class РМРС – КМ  Arc 7 [2] AUT2, special purpose ship  

Operating range 10 500 nautical miles (19 500 km) at 16 knot (30 km/h) 

Anchors 2 weighing 6 tons each, with 300 m chains, and one spare 

Life saving equipment 140 people  
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Figure I.2.2: (left) LEBUS double-drum oceanographic winch and (right) HAWBOLDT C15-40 
horizontal capstan.  

 

Figure I.2.3: NABOS A-frame installed on the helicopter deck of RV Ak. Tryoshnikov. 
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I.3. CRUISE TRACK (I. Polyakov and V. Ivanov) 
The overall research area for the cruise included the Eurasian and Makarov continental margin, from St. 
Anna Trough to the East Siberian Sea (Fig. I.3.1). This operation area overlapped partly with the Russian 
Exclusive Economic Zone (EEZ)—as a result, permission to work within the EEZ was essential. RV 
Akademik Tryoshnikov was loaded and mobilised in Kirkenes, Norway on August 9, 2018. Loading was 
conducted with ship cranes and a shoreside mobile crane working simultaneously, and was quite efficient. 
NABOS winches and an A-frame were welded to the helicopter deck by the KIMEK shipyard company and 
connected to the ship’s electrical supply by ship engineers. All equipment were tested in port for correct 
rotation and load lifting.  

     The ship left Kirkenes and two days later, on August 12th, arrived to Arkhangelsk, Russia.  On August 
13-14, all border patrol, passport/visa and custom formalities were finished. However, because of 
discrepancies in the text of permission, the local office of the Russian FSB (Federal Security Service) 
requested downloading of a part of scientific equipment in Arkhangelsk. This equipment was planned for 
the use outside of the Russian EEZ, however because it was not listed in the permission it was not allowed 
to be uploaded aboard the ship. This equipment left in Arkhangelsk included two WHOI ITPs, one German 
ITP and NPS buoy and NABOS mooring instrumentation. Because of this decision, all WHOI personnel 
returned home. The ship left Arkhangelsk on August 17, 2018 and the scientific part of the cruise began. 

     First, the vessel arrived at the M5 mooring position deployed in 2013 and not found in 2015. Several 
attempts from different positions were made to communicate with M5 via acoustic channel; none were 
successful. After four hours of hunting, the search for this mooring was halted. On August 22–30, 
observations in the western part of the Laptev Sea under the auspice of CATS/Transdrift program were 
carried out. Seven AWI moorings were recovered off Severnaya Zemlya and 35 CTD stations were carried 
out. Biological part of this experiment included 20 vertical and 10 horizontal trawling by plankton nets. 11 
microstructure soundings and five series of continuous hydrological soundings of the upper 300m layer 
undaway of the ship were conducted.  
     Because of stormy weater the ship moved towards the deepest NABOS mooring along the 125o section, 
which is M15 mooring. From August 31 through September 4 four NABOS moorings (M15, M13, M12, and 
M11) were recovered and one short-term (duration of the cruise) mooring M14short was deployed. In addition 
25 CTD and 7 microstructure stations were made along 125oE section. Next, the ship moved eastward, 
towards 145oE section, where over 6-14 September, they recovered NABOS M3 mooring and made 12 
CTD and 4 microstructure stations. From there, the ship mover further eastward towards the easten-most 
section, making CTD stations. From September 8 through September 10 they made 11 CTD stations along 
this eastern-most section. From September 11 through September 14, AWI conducted thei ice camp 
experiments (see Fig. I.3.1).  On September 15, the ship started NABOS CTD section along ~165oE. Over 
two next days, they carried out 11 CTD stations. On September 18, they approached M14 mooring site 
where they recovered long-term mooring M14b and short-term mooring M14short. Over the period of 
September 20-23 they carried out 20 CTD stations over the slope of the Laptev Sea.  
     On September 23, the ship approached polar station Baranova (Severnaya Zemlya) where they deliver 
fuel to the station. On September 23, AARI conducted 11 CTD stations in Shokalsky Strait. Thus, all 
planned work was accomplished and the ship began steaming towards Arkhangelsk, where she arrived 
safely on September 29. 
    On October 1st, customs and FSB agents from Moscow and local branch began their work. Lead 
expedition participants were questioned as to the procedures for downloading and securing the data to 
ensure that none of the data was transferred to others via the internet or other means. Because the paperwork 
submitted to AARI for the NABOS container left in Arkhangelsk had been poorly translated and two serial 
numbers for microcats had been omitted from a list of our equipment, the NABOS project was fined with 
the confiscation of these two pieces of equipment (currently, AARI is working with Russian federal 
agencies to return this equipment). By the morning of the October 3rd the two containers with our equipment 
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had been loaded onto the ship and the ship was granted final clearance to leave Arkhangelsk. In two days 
she arrived to Kirkenes, where all NABOS equipment was downloaded. 

 

Figure I.3.1: 2018 cruise map. Brown circle and over identify areas of work conducted by CATS/AWI. 
Numbers (from 1 to 10) identify CTD cross-sections. 
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I.4. SCIENTIFIC PARTY (V.Ivanov, AARI) 
# 
 Name Team Position Affiliation 

(program) E-mail Country 

Administration 

1 Ivanov, Vladimir admin Chief Scientist IARC/AARI 
(N,C) vivanov@iarc.uaf.edu RUS   

2 Tarasenko, 
Anastasiya admin Admin. assistant RSHU (N) tad.ocean@gmail.com RUS   

Physical oceanography 

3 Artamonov, 
Alexander hydro Scientist AARI (N) art@aari.ru RUS   

4 Bogdanov, Vladimir hydro Scientist /hunter AARI (N,T) 7457341@mail.ru RUS   
5 Kuznetsov, Vasiliy hydro Scientist /hunter AARI (N,T) vasileku@mail.ru RUS   
6 Kusse-Tuz, Nikita hydro Scientist AARI (N) kusse-tuz@aari.ru RUS   

Chemistry 
7 Rember, Robert chem Co-Chief Scientist IARC (N) rrember@alaska.edu USA   
8 Alkire, Matthew chem Scientist UW (N) malkire@apl.washington.edu USA   

9 Bolt, Channing  chem Student CFOS/UAF (N) cebolt@alaska.edu USA   

10 Kim, Kwanwoo chem Scientist PNU (N) goanwoo7@pusan.ac.kr KOR  
11 Jo, Naeun chem Scientist PNU (N) nadan213@pusan.ac.kr KOR  

12 Mats Granskog chem Scientist NPI (N) mats.granskog@npolar.no NOR  
13 Novikhin, Andrey chem Scientist AARI (C,N) andrey.novikhin@gmail.com RUS   

14 O’Malley, Moira chem Scientist FNSB (N) moiraomalley@hotmail.com USA   
15 Povazhnyy, Vasily chem Scientist AARI (C, N) cornigerius@rambler.ru RUS   
16 Stockwell, Dean chem Scientist IMS (N) dastockwell@alaska.edu USA   

Meteorology 
17 Khavina, Elena meteo Scientist IAP RAS (N) khavina.lx@gmail.com RUS   
18 Debolskiy, Andrey meteo Scientist IAP RAS (N) and.debol@gmail.com RUS   
19 TBD meteo Scientist AARI (N)  RUS   

Ice 
20 Anashkin, Yevgeniy  ice Team leader AARI (N) anashkin@aari.ru RUS   
21 Ivanov, Vladimir ice Scientist AARI (N) lrriv@bk.ru RUS   

Technical group 

22 Waddington, Ian  tech Team leader IARC (N) ian.waddington@yahoo.co.uk UK     

23 Basque, Chris tech Moor. tech WHOI (N) cbasque@whoi.edu USA  
24 Baumann, Till tech Moor. tech IARC (N) tmbaumann@alaska.edu USA  

25 Dunn, Jim tech Moor. tech WHOI (N) jdunn@whoi.edu USA    
26 Pnyushkov, Andrey tech Scientist IARC (N) andrey@iarc.uaf.edu USA   

 
CATS-TICE 

 
# Name Affiliation e-mail address Country 

27 Kassens, Heidemarie GEOMAR (C) hkassens@geomar.de,  
Co-Chief Scientist GER  
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28 Rabe, Benjamin AWI (T) Benjamin.Rabe@awi.de,  
Co-Chief Scientist GER   

29 Belter, Jakob AWI (T) jakob.belter@awi.de GER   
30 Büttner, Stefan GEOMAR (C) sbuettner@geomar.de GER   

31 Engicht, Carina AWI (C) carina.engicht@awi.de GER     

32 Hansen, Miriam UKiel (C) mhansen@geomar.de GER   

33 Hölemann, Jens GEOMAR/AWI 
(C) Jens.hoelemann@awi.de GER   

34 Horn, Myrie AWI (T) myriel.horn@awi.de GER   
35 Hummel, Simon AWI (T) simon.hummel@awi.de GER   
36 Janout, Markus AWI (C) Markus.Janout@awi.de GER   
37 Kiricheko, Yana POMOR (C) kirichenko.y.spb@gmail.com RUS  
38 Kratz, Stephan AWI (C) stephan.kratz@awi.de GER  
39 Kubova, Valentina POMOR (C) valyakubova@yandex.ru RUS  
40 Laukert, Georgi GEOMAR (C) glaukert@geomar.de GER   

41 Rogge, Andreas AWI (T) Andreas.rogge@awi.de GER     

42 Simonova, Ksenia POMOR (C) Ksysha170896@yandex.ru RUS  
43 Spahic, Susanne AWI (C) susanne.spahic@awi.de GER   
44 Stollberg, Nicole AWI (T)  GER  
45 Tippenhauer, Sandra AWI (T) Sandra.tippenhauer@awi.de GER   
46 Zakharova, Nadejda POMOR (C) n.b.zakharova@yandex.ru RUS  
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I.5. METEOROLOGICAL AND ICE CONDITIONS (Ivanov, AARI, Polyakov, IARC) 
Weather conditions during the cruise were variable. The air temperature was ~0/+3 °C on average during 
the first half of the cruise, with temperature decrease to -1/-3 °C by the end of the cruise (minimum of -5 
°C was reached on September 14). The surface water temperature was well above freezing in the open 
water, while near freezing under the ice. Several days were lost due to storm weather. An example of surface 
pressure during particularly strong storm when winds reached 11-16 m/s which came to the eastern Eurasian 
Basin on September 4-6 is shown in Fig. I.5.1. Extended areas of open water led to the development of 
high waves from strong winds which interrupted rozetta sampling at cross-slope transects. 

 

 

 

Figure I.5.1: Sea level pressure map on 
September 5, 2018. Storm conditions 
precluded normal operations during this event. 

 

 

 

 

 

 

Ice conditions during the cruise were light, and the cruise trajectory was mostly across ice-free areas (see 
Fig. I.5.2). The eastern-most part of the cruise in the East Siberian Sea was conducted with the MIZ, when 
the northern tips of cross-sections were in consolidated ice zone. 
 

 
 
 
 
 
Figure I.5.2: AARI ice map 
for September 16-18, 2019 
and cruise track (broken red 
line) and CTD stations 
(yellow dots).  
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I.6. OBSERVATIONS 
The NABOS 2018 field program included routine CTD observations, water sampling, recovery, and 
deployment of oceanographic moorings, as well as microstructure, hydrochemical, ice, and meteorological 
observations. The operational map for the NABOS-18 RV Akademik Tryoshnikov cruise is shown in Figure 
I.3.1; measurements made during the cruise are listed in Appendix I. 

I.6.1. SEA-ICE OBSERVATIONS (A. Masanov, AARI) 
Specialized sea-ice observations included visual, radar-based, and satellite observations. There were several 
ship systems used for sea-ice observations, including the ship navigation system ECDIS Transas, ship 
navigation devices like radars, lags, rangefinders, and the ship automatic meteorological station MAWS 
420 (Vaisala, Finland), etc. 

     Regular sea-ice observations during the cruise began on August 21 and finished on September 25, in the 
northern Kara Sea. Visual observations were used to identify homogenious ice regions. AARI team of 
observers provided visual observations.An example of map generated using visual ice observations is 
shown in Fig. I.6.1.1. 

 

 

Figure I.6.1.1: Composite map of sea ice 
conditions on September 8-9, 2019 provided 
by the AARI team of ice observers aboard 
the ship.  

 

 

 

Regular shipborne radar was used to estimate configuration of ice zones within the area of navigation. An 
example of a map with identified ice characteristics for the ship’s route is shown in Figure I.6.1.2. 

 

 

 

 

 

 

 

 

 
Figure I.6.1.2: Shipborn radar image (left) and matching of this image and ship trajectory (right).  
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For analysis of sea-ice conditions in the range of ship operations, satellite images received by ship station 
Dartcom were used to determine current ice conditions, and to choose the easiest path to the research area 
(Fig. I.6.1.3). During sea-ice observations from the ship bridge, the Sigma 6 ship locator (Rutter) was used 
for defining boundaries for ice of different concentrations within 1-10 miles, the positions of ice floes and 
leads, and the number and positions of icebergs.  

 
Figure I.6.1.3: Search of sea ice flows using satellite information during the NABOS cruise.  
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I.6.2. OBSERVATIONS OF AIR-ICE-OCEAN INTERACTIONS (I. Repina, IAF) 
I.6.2.1. Introduction 

The following objectives defined the design of our experiments and the choice of instrumentation: 

• Measurements of the surface heat budget. Analysis of energy exchange between the atmosphere 
and the surface, using measurements of turbulent fluxes (latent and sensible heat fluxes, momentum fluxes) 
and radiation fluxes in the surface layer of the atmosphere under different stability conditions. 
Determination of exchange coefficients in the aerodynamic bulk formulas, surface roughness parameter 
with respect to the type of the surface, and meteorological conditions. 

• Analysis of temperature and structural characteristics of the surface, and its influence on the 
atmospheric boundary layer. Validation of satellite-derived surface temperatures. 

• Observation of atmospheric conditions and boundary layer dynamics in the marginal ice zone by 
remote sensing and contact techniques. Studies of Arctic Cloud Radiative Forcing. 

The following in situ observations were carried out during the cruise: 

• Direct high-frequency measurements of air temperature, and horizontal and vertical components of 
wind speed above the ice and open water. These data were used for calculation of turbulent fluxes, 
roughness parameter of the surface, and atmospheric stability. Measurements were carried out when the 
ship was moving; 

• standard meteorological measurements; 

• measurements of temperature profiles in the atmospheric boundary layer; 

• measurements of all radiation budget components (longwave and shortwave, outcoming and 
downwelling radiation). 

I.6.2.2. Instruments 

To carry out the measurements described above, the following equipment was used: 

§ A USA-1 Sonic thermo-anemometer (METEK Co.), for measuring fluctuations of three 
components of wind speed and temperature fluctuations at frequency of 10-50 Hz. 
§ MTP-5 meteorological temperature profilemer (АТЕХ, Russia), used for remote measurements of 
temperature profiles for atmospheric layer 0-1000 m. 
§ WXT520 weather station (Vaisala, Finland) measuring wind speed and direction, air temperature 
and humidity, and liquid precipitation. 
§ Kipp & Zonen radiation complex with two СМP21 pyranometers (shortwave radiation 
measurements) and two pyrgeometers CGR-3 (longwave radiation measurements). 
 

Turbulent measurement equipment was installed on the bow at 10-m mast height (height of measurements: 
15m) to reduce ship hull effects. The signals from turbulence and motion sensors were sent to a PC-based 
data acquisition system including Labview (National Instruments). This system samples all data at 10 Hz, 
and after filtering out high frequency noises and low frequency trends, ship motion correction was applied 
to wind velocity data. For the temperature signal, it is well calibrated and sound virtual temperature effects 
can be reduced later. After these correction procedures, ten-minute eddy fluxes and statistics are obtained 
in real-time and filed, along with row turbulence data. A standard eddy covariance technique was applied 
for calculating turbulent fluxes. Additional micrometeorological measurements were necessary to 1) 
monitor turbulent fluxes of momentum, as well as sensible heat during the NABOS campaign; and 2) 
compare these direct measurements with calculated results from simple flux gradient parameterizations.  
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I.6.2.3. Results 
Onboard measurements were carried out along the entire route of the icebreaker from August 18 to 
September 27, 2018. Fig. I.6.2.1 shows the variability in the main meteorological parameters during these 
measurements.  

 

 

 

 

 
 

Figure I.6.2.1: Variability of the main 
meteorological parameters from August 
17 through September 30, 2018 from 
moving ship. 

 
 
 
 
 
 
 
 
 
 

To estimate total and net heat flux between the ocean and the atmosphere, data for radiation balance 
measurements were used. Maximum values of shortwave radiation were 200-300 W/m2 at the beginning of 
the expedition. At the end of the observation period, maximum values decreased to 50-100 W/m2. This is a 
direct result of the height of the sun change. Shortwave radiation contributed to the net balance only during 
the first part of the cruise, when the midday height of the sun above the horizon was about 20°. 

Daily average long-wave radiation balance at the surface has changed slightly, from 10 to 50 W/m2, due to 
the variation in low clouds amount. Fig. I.6.2.2 shows variations of radiation balance during the cruise. The 
contribution from long-wave radiation balance increased significantly during the final stage of the cruise, 
when the height of the sun was low. 

 

 

 Figure I.6.2.2: Components 
of radiative balance from 
August 17 through 
September 30, 2018 during 
the cruise. 
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Onboard measurements of turbulent characteristics were carried out continually en route. Using direct 
measurements of sensible and latent heat fluxes, momentum and surface roughness parameters were 
calculated. Fig. I.6.2.3 shows variability of surface heat flux. Positive heat fluxes (from the ocean to the 
atmosphere) were observed above leads and over the open water, while low fluxes were measured above 
ice. 

 

Figure I.6.2.3: 
Surface heat flux 
from August 17 
through September 
30, 2018 during the 
cruise. 

 

 

The atmospheric boundary layer temperature measured every 50 meters from the surface to 1000 meters 
during the cruise is shown in Fig. I.6.2.4. Change of cold and warm fronts is clearly visible at this plot, as 
well as cold and warm out-breaking, including the ice and open water in the marginal zones. 

 

Figure I.6.2.4: Vertical profiles of air temperature in the lower 1000m from August 17 through September 
30, 2018 during the cruise. 
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I.6.3. OCEANOGRAPHIC OBSERVATIONS 
I.6.3.1. CTD measurements  

I.6.3.1.1. Approach (V.Ivanov, AARI) 
145 CTD casts were carried out during the cruise (see Appendix I). These stations were taken at several 
cross-slope transects, as shown in Fig. I.6.3.1. In the deep basin (>1500 m), one out of between three and 
four casts was to the bottom. The casts in between were to 1000 m. Casts were to a depth of 5 to 30 m above 
the seabed, depending on water depth. All samples were taken during the up-cast, and the device was always 
stopped at each sampling depth. See Fig. I.6.3.2 showing T-S diagram of processed data showing good 
quality of obtained data. At the test station, all equipment (including the ship-borne CTD winch and rosetta) 
was tested and proved its operational readiness. During the cruise, the winch operated without major 
problems, though several minor ones occur (malfunctioning of electronic controls, loss of electric power). 
These small problems were fixed promptly and did not lead to any substantial delays in operations.  

 
Figure I.6.3.1: Scheme of CTD transects. 

I.6.3.1.2 Equipment 
Conductivity, Temperature, and Depth (CTD) profiles of the water column were made using a Seabird 
SBE911plus CTD system. This system measures conductivity, temperature, and pressure at a 24 Hz sample 
rate throughout the full water column or to pre-determined end points—typically 1000 m on this occasion. 
Given a normal descent rate of 60 m/min, or 100 cm/sec, this provides a vertical resolution of around 4-
5 cm. The CTD system also integrates other auxiliary sensor systems, including paired Dissolved Oxygen 
sensors; a Transmissometer; a Fluorometer and Turbidity sensor; a Photosynthetically Active Radiation 
(PAR) sensor; a SUNA Nitrate sensor; and a Benthos sonar altimeter, to avoid collisions with the seabed. 
The 9plus underwater profiling system output can be logged and monitored in real time on computers 
aboard the ship, via a conducting cable to the 11plus deck unit. The profiling sensor system was housed in 
a SBE32 24-way water sampling frame, carrying 24 × 10 litre OTE water sampling bottles. These can be 
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closed remotely on demand from the 11plus deck unit. This allows samples for salinity, oxygen, and 
nutrients to be collected at discrete depths within a profile for comparison with electronic sensor outputs. 

     All Seabird sensors had been returned to the manufacturer after the 2015 expedition for servicing and 
calibration, and stored unused since then. Technical descriptions for sensors, according to the specifications 
of Seabird Electronics, Inc., are presented in Table I.6.3.1. The full information can be downloaded from 
http://www.seabird.com/sbe911plus-ctd. 

 

Fig. I.6.3.2. Map showing locations of CTD stations and T-S diagram of all NABOS CTD casts. 

 

Table I.6.3.1: Seabird SBE911plus technical information. 

 

Sensors Parameter Range Accuracy Typical stability 
(per month) Resolution 

SBE 4C Conductivity 0-9 S/m 0.0003 S/m 0.0003 S/m 0.00004 S/m 
SBE 3T Temperature -5 to +35 °C 0.005 °C 0.0002 °C 0.0001 °C 

Digiquartz® Pressure 6800 m +0.015 % of full 
scale range 

+0.004 % of full 
scale range 

+0.002 % of full 
scale range 

SBE 43 Oxygen 
120 % of 
Surface 

Saturation 

+2 % of 
Saturation 

+0.5 % per 1000 
hours  

Wet Labs 
ECO-

FLNTUrtd 

Chlorophyll 
and Turbidity 

50 µ/l 
50NTU   0.025 µg/l Chl 

0.013 NTU 

Wet Labs 
C-star 

Beam 
Transmission 
(25 cm path) 

650 nm (Red)  0.02 % Full 
Scale/hour 14 bit 

Biospherical 
QCP-2350L 

Cosine PAR 
sensor 400-700 nm 0.001 V  1 volt=1 × 1017 q

uanta/(cm2-sec) 

Deep SUNA Nitrate 

0.5-3000 µM 
(SW with T/S 

corrs 
processing) 

+2 µM 

0.3 µM per hour 
Lamp time 

(SW with T/S corrs 
processing) 

0.3 µM 
(SW with T/S 

corrs processing) 
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I.6.3.1.3 Preliminary results (V. Ivanov, AARI/IARC) 
Potential temperature and salinity sections taken during the cruise are presented in Figs. I.6.3.3–I.6.3.8.  
     Cross-slope transect #1 (for locations of sections and CTD stations, see Fig. I.6.3.1) shows maximum 
temperature of 2.58oC at station 9 at depths 110-120m whereas the lowest temperature of -1.5oC was found 
in the upper water column in the northern part of the section (Fig. I.6.3.3). The maximum thickness of the 
Atlantic Water (AW) layer was 900m at station #9. The warm AW core is well separated from the slope so 
that the maximum temperature at the southern station was only 0.61oC at 100m, and the thickness of warm 
(>0oC) layer was 70m only.  

 
 
 
 
  
 
 
Figure I.6.3.3: Vertical cross-section #1 
of potential temperature (upper panel) 
and salinity (lower panel) (off 
Severnaya Zemlya, ~95°E, see location 
in Fig. I.6.3.1). 
 

 

 
 

     Section #10 was located north-east off Shokalsky Strait (Fig. I.6.3.1). Patchy structure suggests strong 
mixing between the Barents and Fram branches of AW in this region (Fig. I.6.3.4). The maximum 
temperature of 2.2oC was found at 180m at stations #122-124. Another warm (temperature 2.15oC) core of 
W was located at stations #129-126 at ~100m.  

 
 
 
 
Figure I.6.3.4: Vertical cross-section 
#10 of potential temperature (upper 
panel) and salinity (lower panel) (off 
Shokalsky Strait, ~105°E, see location in 
Fig. I.6.3.1). 
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      Section #5 is standard NABOS section which was carried out since 2002. In the ice-free southern part 
of the section, the surface temperature reached 3oC and salinity was lower than 30 (Fig. I.6.3.5). At station 
#47 there was a warm core of AW with temperatures exceeding 1.95oC at ~200m. This is about 0.3oC higher 
than temperatures measured in summer 2015. Over the steep continental slope (stations #61-57) a front was 
located separating cold waters of, probably, shelf origin and warm AW. The depth of penetration of cold 
waters was down to 400m. At all three sections #1, 10, and 5 waters with temperatures >1oC were separated 
from the slope by hydrologic front.  

 
 
 
 
 
 
Figure I.6.3.5: Vertical cross-section #5 
of potential temperature (upper panel) and 
salinity (lower panel) (central Laptev Sea, 
~126°E, see location in Fig. I.6.3.1). 
 
 
 
 
 
 

 
At the eastern sections #6, 8, and 7 the temperature was gradually decreaseing with the eastward progressing 
of the AW water along the slope reaching 1.4oC at section #6, 1.3oC at section #8, and 1.2oC at section #7 
(Figs. I.6.3.6, I.6.3.7, and I.6.3.8). Another interesting and typical feature of the eastern sections is 
deepening of the upper boundary of the AW (defined by 0oC isotherm) to 200m and deeper. 

 
 
 
 
 
 
Figure I.6.3.6: Vertical cross-section #6 
of potential temperature (upper panel) 
and salinity (lower panel) (junction of 
Lomonosov Ridge and slope area, 
~140°E, see location in Fig. I.6.3.1). 
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Figure I.6.3.7: Vertical cross-section 
#8 of potential temperature (upper 
panel) and salinity (lower panel) 
(~155-160°E, see location in Fig. 
I.6.3.1). 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
Figure I.6.3.8: Vertical cross-section 
#7 of potential temperature (upper 
panel) and salinity (lower panel) 
(~165°E, see location in Fig. I.6.3.1). 
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I.6.3.2. Mooring observations 

I.6.3.2.1. Introduction (I. Polyakov, IARC) 
The primary goal of our mooring observations was to document water, heat, and salt transports and water 
mass transformations on the Siberian continental slope. Primary objectives included quantifying the 
structure and temporal variability of the main water masses and obtaining detailed information about AW 
layer dynamics and seasonal variations. A summary of the 2018 NABOS mooring operations is presented 
in Tables I.6.3.2, I.6.3.3 and I.6.3.4. Mooring schematics are presented in Appendices II, III, and IV. There 
are two types of moorings used by our program. One type uses the McLane Moored Profiler (MMP), 
designed and manufactured by McLane Research Laboratories, Inc. Technical information and description 
are available at http://www.mclanelabs.com. Our other type of mooring is conventional, consisting of 
Acoustic Doppler Current Profilers (ADCPs) and Seabird SBE37 Microcat CTDs. 

I.6.3.2.2. Mooring recoveries  
A map showing mooring positions recovered in the summer 2018 cruise is shown in Figure I.6.3.9. All 13 
moorings deployed in 2015 were successfully recovered. Most instruments provided three years long 
records.  

 

Figure I.6.3.9. Map showing positions of moorings recovered during 2018 NABOS cruise. 

I.6.3.2.2.1. Logs of mooring recoveries and deployments (I. Waddington) 
M1_1b mooring recovery. 4 September 2018. Mooring released in slight seas and sighted close astern. Ship 
manoeuvred alongside and recovery followed the previous moorings practise. The mooring had significant 
bio fouling along its length, instruments and acoustic releases. All the instruments and hardware were in 
excellent condition. Initial data downloads indicate full data records. 

M1_2b mooring recovery. 3/4 September 2018. Arrived on site – open water. Mooring released after some 
difficulty from high acoustic noise. Due to poor weather conditions the Zodiac could not be used. The ship 
manoeuvred alongside and grappled the rig hauling the upper buoyancy to deck level with cargo crane. 
Transfer aft for recovery. All the instruments and hardware were in excellent condition. Initial data 
downloads indicate full data records. 
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M1_3b mooring recovery. 3 September 2018. Mooring released and recovered  from ship as sea state too 
rough for Zodiac operations, the upper ocean array was twisted around the upper steel buoy, the array was 
then removed on the foredeck. All instruments and hardware were in excellent condition. Initial data 
downloads indicate full data records. 

M1_4b mooring recovery. 18 September 2018. Using 200khz Echosounder picked up remarkable 
echoes from mooring. Leave ELCAT on for return to mooring later today recovery: looks like 
ULS shallower than expected. Sphere looks as though it is at 100m so 20m shallow. TX release 
and immediate pop up, line taken to ULS buoy from stern 2328h. All inboard 0117h. All recovered 
OK, sensors in very clean condition. Ice Profiler has significant biological growth. From initial 
data downloading it appears all sensors have logged full data. 
M1-4c mooring deployment. 19th September 2018. M1-4c was designed and constructed onboard as the 
original design was compromised due to instrument shortfall. The mooring was to be an MMP conventional 
mooring and the subsequent more complex multi ADCP and Seabird 37 mooring was developed as a 
replacement. Mooring lines were all measured and made onboard from stocks carried from Kirkenes. The 
adcps all of which had been deployed for 3 years had a compass calibration on the ice stations  13th 
September, although not entirely successful this proved the adcps were capable of redeployment. The sbe37 
instruments were all intercalibrated with the ctd as they had been deployed for a minimum of 3 years some 
for 5 years. The mooring deployment went very well, the more complex adcp arrangements and rigging 
constructed onboard presented no problems. The mooring was deployed on position and a triangulation 
made to accurately determine mooring position. 

M1_5b mooring recovery. 31 August 2018. The ship stood off the mooring site some 750 metres away as 
when deployed in 2015 the best reception came at distance. With a recognised reply to the acoustics the 
ship moved closer to nominal position and a release transmission made to the acoustics. Several minutes 
later the mooring was sighted approximately 500 metres from the ship. The workboat was launched and the 
recovery line taken from the stern of the ship and attached to the top buoy, removing the thermistor array 
into the workboat at this time. The mooring was then hauled back to the ship and recovery commenced. 
The mooring recovered well and with the team now practised in recoveries a safe recovery of the fragile 
MMP made. This mooring was essential to the deployment of Mooring M1-4CST and to get all sensors 
onboard in good condition was a credit to the mooring team. 

M3f mooring recovery. 7 September 2018. Mooring released and picked up by ship. The upper ocean 
thermistor array was seen to be missing its top buoy and on later examination this was revealed as a severe 
strain at the weak link causing the link to fail. A straight forward recovery and all inboard rapidly. All the 
instruments and hardware were in excellent condition. Initial data downloads indicate full data records. The 
upper ocean array appears to have been near vertical throughout deployment and the loss of the upper part 
is attributed to being dragged by ice showing extreme strain on the link nylon eye where the link had pulled 
hard to failure. The weak link played its part in that the remainder of the array continued logging. Further 
examination of the data from the remaining string of instruments may reveal when the failure occurred. 

M1-4short  mooring deployment and recovery.  A short duration mooring was prepared onboard and 
deployed on the 2nd Sept 2018. The mooring was designed immediately prior to the cruise and further 
modifications made to improve performance and handling onboard. The incorporation of the ADCP 
300kHz and V50 doppler into an Ice Profiling Sonar buoy assembly improved handling and assisted in 
providing more buoyancy and stiffness to the mooring.  The McLane Profiler from mooring M1-5b was 
refurbished onboard, new battery pack fitted and programmed to cycle rapidly throughout  the short 
deployment period. The 171 meter profiling wire was cut, measured and terminated in Kirkenes prior to 
sailing from a longer wire length. Deployment went very smoothly anchor first and the mooring was seen 
to sink away. Sea noise was again high as experienced at M1-5b and was a considerable acoustic problem 
during deployment operations. 
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     On 20th September the mooring was released from its anchor and observed soon after on the surface. 
The Zodiac towed out a recovery line from the ship and attached it to the upper buoyancy containing the 
V50 and ADCP300. The mooring was then hauled onboard. Initial data download shows the instruments 
all recorded data and the MMP profiled throughout. The only partial failure was the ODO which appears 
to have a short record. This can be assessed when the instrument is returned to the manufacturer for 
calibration. 

Table I.6.3.2: Summary of NABOS deep-water moorings recoveries in 2018. 

M00RING Date Operation Lat./Long. Depth Instruments 

M1-1b 4th Sept 2018 Recovery 77 4.221N 252m 3 x SBE37 
      125 49.577E   1 x ADCP 75kHz 

M1-2b 4th Sept 2018 Recovery 77 10.373 N 783m 6x SBE37 
      125 47.974E E   1 x ADCP 300khz 
          1 x ADCP75khz 
          1x ISUS 
          1 x ODO/SBE37 
          1x Therm Array 

M1-3b 3rd Sept 2018 Recovery 77 39.234 N 1866m 1 x SBE37 
      125 48.686 E   1 x ADCP 300khz 
          1 x MMP 

M1-4b 19th Sept 2018 Recovery 78 28.084 N 2700m 4 SBE37 
      125 57.679 E   1 x ULS 
          1 x ISUS 
          1 x ODO/SBE37 
          1 x ADCP 300khz 
          1 x ADCP 75kHz 

M1-5b 31st Aug 2018 Recovery 79 59.1941N 3443m 1 x ADCP 300khz 
      126 01.2282E   3x SBE37 
          1xMMP 

          
1 x Therm Array 
1x BPR 

    Recovery 79 56.1941N 1357m 1 x ADCP 300khz 
M3f 7th Sept 2018   142 15.216E   6 x SBE37 

          1 x ADCP75khz 
          1 x Therm Array 

M1-4short 20th Sept 2018 Recovery 78 30.833N 2700m 
1 x MMP 
2 x SBE37 

      
125 58.924E 

   
2 x ADCP 300kHz 
1 x ADCP RDI-V50 
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I.6.3.2.3.2. Notes of Cape Arkticheskiy AWI mooring recoveries 
A total of seven moorings were deployed along a line across the continental slope of the Severnaya 
Zemlya Archipelago north of Cape Arkticheskiy near 95°E in 2015 (Table I.6.3.3). The water depths at 
the deployment sites increase from 304 m at the shelf edge (AK1) to 3019 m at the base of the continental 
slope (AK7). All these moorings were successfully recovered during 2018 cruise. 

Table I.6.3.3: Summary of Laptev Sea deep-water mooring recoveries in 2018 

Mooring Latitude, N 
Anchor drop 

Longitude, E 
Anchor drop 

Depth 
[m] 

Recovery 
Date 

AK 1 81° 50.69’ 094° 20.53’ 304 25/08/18 

AK 2 81° 54.17’ 094° 28.92’ 898 25/08/18 

AK 3 81° 57.73’ 094° 32.60’ 1453 25/08/18 

AK 4 82° 06.28’ 094° 46.34’ 1985 34/08/18 

AK 5 82° 13.46’ 094° 50.77’ 2398 23/08/18 

AK 6 / M6 82° 22.03’ 095° 13.06’ 2794 23/08/18 

AK 7 82° 35.10’ 095° 30.00’ 3019 24/08/18 

 

I.6.3.2.2.3. Data processing procedures (A. Pnyushkov, IARC) 

In this section, we briefly describe procedures used to process data collected by mooring instruments – 
ADCPs, MMP, SBEs, and BPRs. 

      Processing ADCP records: For all records downloaded from ADCPs, we have performed multi-step 
quality assessment aiming at the marking or removing current velocities with poor or suspicious quality. 
At the first stage of the assessment, ADCP velocities are marked as “bad” if the percentage of good velocity 
measurements retrieved from the instrument within each ensemble and estimated using three or four beam 
solutions is less than 20%. At the next step, we have performed error velocity control in which all ADCP 
velocities with the error greater than 0.15 cm/s are marked as “bad”. In addition, the quality flags were set 
to “bad” if the pulse-to-pulse correlation in a ping estimated for each depth cell was 20 counts or less. Based 
on the visual inspection of the ADCP records, we note that velocity measurements collected in the first (the 
nearest to the instrument) bins of all instruments are suspicious due to substantial echo contamination by 
residual energy from the transmission pulse. 

     Processing MMP records: MMP data processing includes six operations, performed using 
McLane Research Laboratories (http://www.mclanelabs.com) and Woods Hole Oceanographic 
Institution (WHOI) software. 
1) Retrieving MMP binary data files. The raw MMP data are stored in binary files. After recovering 
each MMP instrument, the engineering, CTD and ACM binary data files have been extracted from 
the MMP flashcard.  
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2) Unpacking binary data to ASCII formats. The raw MMP data have been converted to ASCII 
files by employing data Unpacker program for Windows (version 2.0.1) developed by McLane 
Research Laboratories.  
3) Converting ASCII data to raw Matlab format files has been performed with a “McLane Moored 
Profiler Data Reduction and Processing Procedures” set of scripts developed by John Tool 
(WHOI).  
4) Determining optimal bias for compass readings. Raw readings of the MMP compass were 
used to estimate the horizontal compass channel bias and range coefficients by mapping the 
horizontal compass components to the unit circle. for this task, we have used the routine which 
takes into account uneven density of compass readings among angular sectors. 
5) Interpolating to pressure grid. At the stage of interpolating, the original data values were 
averaged over 2- or 0.25-dbar pressure bins depending on the distribution of the data with respect 
to pressure within each bin. Missing points within the vertical extents of profile data were filled 
by interpolation. At this stage, magnetic declination determined from the International 
Geomagnetic Reference Field for the mooring positions (see www.ngdc.noaa.gov/IAGA/vmod/) 
was added to the MMP compass readings. 
6) Archiving data in several formats. Processed data have been archived in different formats and 
converted to ASCII PSTUV_dP_2.txt files using Matlab scripts. 
     Processing SBE37, SBE56, and BPR records utilized standard data processing packages provided by 
vendors. Some records provided by SBE37 instruments required corrections of salinity in order to remove 
vertical instabilities.  

I.6.3.2.2.4. Preliminary results (I. Polyakov, IARC; A. Pnyushkov, IARC) 
In this section, we present records provided by all instruments deployed at NABOS moorings in 2015 and 
recovered in 2018. The only exception is ULS record from M1-4c mooring and ISUS instruments, which 
processing requires additional time and manpower. Most instruments provided full three year long records. 
Where necessary, we present plots comparing neighbouring instruments records to assure good quality of 
data. We note that in this report we show all data, including those where we suspect that the quality is not 
the greatest. For example, often ADCP records at the surface and immediately at the instrument are 
contaminated by noise. This problem cannot be eliminated by processing. We make a note in this report 
that these levels are suspicious but still show records from all depth levels leaving judgement of data quality 
and their use in hands of the users.  
     The structure of this section includes descriptions of data provided by each mooring instrument. We 
start with the shallowest mooring M1-1b. 

The M1-1b mooring was deployed on the 18th of September, 2015 at 77°04.22N and 125°49.577E, at water 
depth 252 m. The M1-1b mooring consists of three Seabird SBE37s and one ADCP (Table I.6.3.2 and Fig. 
A.II.1). This mooring was recovered successfully on September 4, 2018. All instruments provided full three 
years long records. 

     Time series from three microcats SBE37 are shown in Fig. I.6.3.10. Time series are well correlated and 
show no artificial spikes. Original pressure record from SBE #12926 (blue line) had an artificial drift, which 
was corrected. 
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Figure 6.3.10: Time series derived from SBE37 microcats deployed at NABOS M1-1b mooring. 

75 kHz (Longranger) ADCP #19063 deployed at 232m depth level (close to the bottom) provided an hourly 
record of currents covering the depth range from the surface to the bottom with 5m vertical resolution (Fig. 
I.6.3.11). Note, however, that the record from the very top 20-25 m layer experiences problem from a high 
level of noise due to reflection. The first beam (closest to the instrument) should be used with caution as 
well. The current speed shows a clear seasonal cycle with higher (>25 cm/s) current speed in winter and 
lower (5-10 cm/s) in summer. There are numerous eddy-like events throughout the record. Quality control 
estimates shown in Fig. I.6.3.12 suggest good quality of data. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure I.6.3.11: Time-depth section of current speed (cm/s) from ADCP #19063 deployed at mooring M1-
1b. 
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Figure I.6.3.12: Quality masks (0 and 1 were used for good and bad data, respectively) from ADCP 

#19063 deployed at mooring M1-1b. 

 

The M1-2b mooring was deployed on the 18th of September, 2015 at 77°10.373N and 125°47.974E, at 
water depth 783 m. The M1-2b mooring consists of six Seabird SBE37, one ADCP 300 kHz, one ADCP 
75 kHz, one ISUS, one ODO/SBE37 and a thermistor array with six SBE-56 (#2430 at 34m, #2427 at 37m, 
#2434 at 40m, #2422 at 47m, #2420 at 50m, and #2433 at 53m) (Table I.6.3.2 and Fig. A.II.2). This 
mooring was successfully recovered on September 4, 2018. All instruments provided full three years long 
records. 

     Temperature records from SBE-56 the thermistor chain are shown in Fig. I.6.3.13. Time series are well 
correlated, with no anomalies or spikes shown by a single instrument attesting about good quality of data.  

 

Figure I.6.3.13: 
Time series of water 
temperature from 
the upper ocean 
thermistor array 
deployed at 
NABOS M1-2b 
mooring. 

 

 

     Time series from six microcats SBE37 and one ODO/SBE37 are shown in Fig. I.6.3.14. Time series are 
well correlated and show a few individual artificial spikes (when salinity values from the shallower 
instruments exceed those from the deeper instruments). Salinity records from SBE37 #12929, #10527 and 
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#10528 were corrected to remove vertical instability. High-pass filtering was used to remove an individual 
spike from SBE37 #10528. Pressure records show oscillations in winters of 2016 and 2017 associated with 
either strong pulse-like currents or eddies. Thus, care should be exersized interpreting temperature and 
salinity anomalies during these time intervals. An interesting feature of this record is pulses of warmth at 
the bottom of the upper 70m layer which may be probably interepreted as influx orf AW heat to the upper 
ocean. 

 
Figure I.6.3.14: Time series derived from SBE37 microcats deployed at NABOS M1-2b mooring. 

Current speed records provided by two ADCPs are shown in Fig. I.6.3.15. The upward-looking ADCP 
300 kHz #19035 was deployed at 60 m, covering a 0-60 m depth range with 4-m vertical and hourly 
temporal resolution (Fig. I.6.3.15, top). The first deepest bin and two bins at the surface of its hourly record 
are contaminated by noise. The upward-looking 75-kHz ADCP #18918 was deployed at 456 m, providing 
an hourly record with 5-m vertical resolution (Fig. I.6.3.15, bottom). The uppermost bin and two bins at 
the Longranger contain errors. One can clearly see seasonal cycle in both ADCP records, with stronger 
winter currents over all three winters. The ADCP 75 kHz record shows vertically uniform (barotropic) 
currents in the ocean interior whereas currents in the upper water column have clear vertical structure. 
Quality control estimates are shown in Fig. I.6.3.16. Fig. I.6.3.17 compares the closest current records from 
both ADCP; relatively high correlations suggest good quality of records provided by both instruments. 
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Figure I.6.3.15: Depth vs. time 
diagram of current speed (cm/s) 
from (top) 300 kHz ADCP #19035 
and (bottom) 75 kHz ADCP 
#18918, deployed at M1-2b 
mooring. 

 
 
 
 
 
 
 
 
 
 

Figure I.6.3.16: Quality masks (0 and 1 were used for good and bad data, respectively) from (left) 300 
kHz ADCP #19035 and (right) 75 kHz ADCP #18918 deployed at mooring M1-2b. 
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Figure I.6.3.17: Time series of current speed 
(top), eastward U (middle), and northward V 
(bottom) velocities measured by the 75-kHz 
ADCP (red curve) at 201 m and by the 300-
kHz ADCP at 61 m (blue curve) at M1-2b 
mooring. Correlation coefficients R are 
computed using daily series. 

 

 

The M1-3b mooring was deployed on the 19th of September, 2015 at 77°39.234N and 125°48.686E, water 
depth 1866m. The M1-3b mooring consists of one Seabird SBE37, one ADCP 300 kHz and an MMP (Table 
I.6.3.2 and Fig. A.II.3). The mooring was successfully recovered on September 3, 2018. SBE37 and ADCP 
provided full three years long records whereas MMP stopped working after two years, on June 15, 2017. 
     Time series from one microcat SBE37 are shown in Fig. I.6.3.18. Time series are well correlated with 
MMP records from the nearest depth level of 70m. Pressure records show numerous anomalies, up to 5-8 
db, which can be related to either strong pulse-like currents or eddies. Thus, care should be exersized 
interpreting temperature and salinity anomalies during these time intervals. 

 

 
 
 

 
 

 
 
 
Figure I.6.3.18: Time series derived 
from SBE37 microcat (red) and 
shallowest depth level of MMP 
(blue) deployed at NABOS M1-3b 
mooring. 
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MMP deployed at this mooring provided two year long record. Temperature and salinity records from this 
instrument are shown in Fig. I.6.3.19. Throughout the water column, to the depth of ~1000 m, MMP 
temperature and salinity records show seasonal cycle and strong shorter-term anomalies. Note a substantial, 
up to 0.5oC, increase of water temperature in the Atlantic Water layer toward the end of the record. 

 
Figure I.6.3.19: Time-depth section of temperature (ºC, left) and salinity (right) from MMP #11765 
deployed at mooring M1-3b. 
 
Current record provided by MMP is shown in Fig. I.6.3.20. There is no clearly expressed seasonal cycle or 
trend in this record which is dominated by occasional increases of current speed due to probably passing 
mesoscale eddies. 

 
Figure I.6.3.20: Depth vs. time diagram of current speed (cm/s) from MMP #11765 deployed at mooring 
M1-3b.  

The upward-looking ADCP 300 kHz was deployed at 60 m and provided hourly records with 4-m vertical 
resolution (Fig. I.6.3.21). One deepest and one shallowest beam are contaminated by noise. Quality control 
estimates are shown in Fig. I.6.3.22. High correlations between the closest MMP and ADCP current records 
suggests high quality of both records (Fig. I.6.3.23). As with the MMP record, there is no evident seasonal 
signal and/or trend in the ADCP record which is dominated by higher frequency signal. 
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Figure I.6.3.21: Depth vs. time diagram of current speed (cm/s) from (top) 300 kHz ADCP #11292 
deployed at M1-3b mooring. 

 
 

 
 
 

Figure I.6.3.22: Quality masks (0 and 1 
were used for good and bad data, 
respectively) from 300 kHz ADCP 
#11292 deployed at mooring M1-3b. 

 

 

 

 

 

 

 

 

 

Figure I.6.3.23: Time series of current 
speed (top), eastward U (middle), and 
northward V (bottom) velocities 
measured by the MMP (red curve) at 72 
m and by the 300-kHz ADCP at 55 m 
(blue curve) at M1-3b mooring. 
Correlation coefficients R are computed 
using daily time series. 
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The M1-4b mooring was deployed on the 20th of September, 2015 at 78°28.084N and 125°57.679E, at 
water depth 2700 m. The M1-4b mooring consists of four Seabird SBE37s, one ODO/SBE37, two ADCPs, 
one ULS, and one ISUS (Table I.6.3.2 and Fig. A.II.4). The mooring was successfully recovered on 
September 19, 2018. Processing of ULS and ISUS data requires additional time and records from these 
instruments are not displayed here. 
     This mooring provided three-year-long CTD records from four regular SBE37 microcats and one 
SBE37/ODO (Fig. I.6.3.24). The temperature records are mostly clean. Salinity records from SBE37 #6282 
(38m), #10524 (600m), and #19523 (240m) are also clean however, SBE37 #6284 from ~188 m (green) 
shows a prolongated periods of low values in 2016 and 2017 and several short-term spikes. The late part of 
salinity record of SBE37 #12960 (~107m) shows low values. These problems were addressed correcting 
salinities to remove vertical instability. High-pass filtering was used to remove individual spikes from 
SBE37 #10528 record; the last aprt of the record was erroneous and flagged as bad.  

 
Figure I.6.3.24: Time series derived from SBE37 microcats deployed at NABOS M1-4b mooring. 

 

Current records are provided by two ADCPs for the upper 35-m layer and for the depth range ~155-430 m 
(Fig. I.6.3.25). The upward-looking ADCP 300 kHz was deployed at 30 m, covering a 0-35 m depth range 
with 4-m vertical resolution (Fig. I.6.3.25, left). The first deepest beam of its hourly record is contaminated 
by noise. The upward-looking 75-kHz ADCP was deployed at 430 m, providing an hourly record with 5-
m vertical resolution (Fig. I.6.3.25, right). Quality control estimates are shown in Fig. I.6.3.26. Fig. I.6.3.27 
compares the closest current records from both ADCP. 
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Figure I.6.3.25: Depth vs. time 
diagram of current speed (cm/s) 
from (top) 300 kHz ADCP 
#11187 and (bottom) 75 kHz 
ADCP #19143, deployed at M1-
4b mooring. 

 

 
 
 
 
 
 
 
 
 

 
Figure I.6.3.26: Quality masks (0 and 1 were used for good and bad data, respectively) from ADCP 300 
kHz #11187 and ADCP 75 kHz #19143 deployed at mooring M1-4b. 
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Figure I.6.3.27: Time series of 
current speed (top), eastward U 
(middle), and northward V (bottom) 
velocities measured by the 75-kHz 
ADCP (red curve) at 168 m and by 
the 300-kHz ADCP at 29 m (blue 
curve) at M1-4b mooring. Correlation 
coefficients R are computed using 
daily series. 
 

 

 

 

 

 

The M1-5b mooring was deployed on the 21th of September, 2015 at 79°59.1941N and 126°01.2282E, at 
water depth 3443 m. The M1-5b mooring consists of three Seabird SBE37, one ADCP, one MMP, and one 
BPR (Table I.6.3.2 and Fig. A.II.5a). Above major flotation, the mooring also included a thermistor chain 
with eight thermistors SBE-56 (Fig. A.II.5b). This mooring was successfully recovered on August 31, 
2018.  

     Temperature records from the thermistor chain are shown in Fig. I.6.3.28. Time series are well 
correlated, with no anomalies or spikes shown by a single instrument attesting about good quality of data.  
 

 
Figure I.6.3.28: Time series of water temperature derived from the upper ocean thermistor array deployed 
at NABOS M1-5b mooring. 
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     Temperature, conductivity, salinity, and pressure records from three recovered SBE37s are shown in 
Fig. I.6.3.29. Except some minor salinity spikes evident in two deeper (blue and green) instrumental record, 
all time series appear clean. However, pressure records shows one spike when the mooring was tilted due 
to probably passing eddy or strong wind event.  

 
Figure I.6.3.29: Time series derived from SBE37 microcats deployed at NABOS M1-5b mooring. 

     MMP deployed at this mooring provided three year long record. Unfortunetaly, during deployment, the 
ship missed target depth and lack of wire was compensated with a ~100m piece above the MMP so that the 
upper MMP limit was at 172m instead of 53m. Temperature and salinity records from this instrument are 
shown in Fig. I.6.3.30. Throughout the water column, to the depth of ~800 m, MMP records demonstrate 
strong anomalies. Note a substantial, up to 0.5oC, increase of water temperature in the Atlantic Water layer 
toward the end of the record.  

 
Figure I.6.3.30: Time-depth sections of (left) temperature (°C) and (right) salinity from MMP # 11286 

deployed at M1-5b mooring. 
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The MMP current speed record from this mooring is shown in Fig. I.6.3.31. Except several spikes with 
current speed |U| >7-10 cm/s, probably associated with eddies, the record is clean. It shows stronger currents 
in the upper 300m layer and rather weak (<2cm/s) currents in the deeper part of water column.  

 
Figure I.6.3.31: Depth vs. time diagram of current speed (cm/s) from MMP #11286 deployed at the M1-
5b mooring. 

     ADCP provided three year-long current record covering the upper ~60m of water column (Fig. I.6.3.32). 
The record shows a clear seasonal signal with increased currents in summer. Excessive magnitude of 
surface currents in winter reflect the problem of reflection of signal from the air-sea interface. Relatively 
weak winter amplification of currents at the surface is probably due to lack of reflection. The deepest, 
closest to the instrument, beam is erroneous and should be ignored in future analyses. Quality control 
estimates are shown in Fig. I.6.3.33. Fig. I.6.3.34 compares the closest current records from MMP and  
ADCP which generally look similar. 

 
Figure I.6.3.32: Time-depth section of current speed (cm/s) from ADCP #19033 deployed at mooring M1-
5b. 
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Figure I.6.3.33: Quality masks (0 and 1 were used for good and bad data, respectively) from ADCP #19033 
deployed at mooring M1-5b. 

 
Figure I.6.3.34: Time series of current speed (top), eastward U (middle), and northward V (bottom) 
velocities measured by the MMP (red curve) at 176 m and by the 300-kHz ADCP at 61 m (blue curve) at 
M1-5b mooring. Correlation coefficients R are computed using daily time series. 
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Time series of BPR bottom pressure, accompanied by the temperature record, is shown in Fig. I.6.3.35.  
There is a downward pressure trend and additional analysis is required to assess whether there are some 
physical reasons for downsloping of the time series. The high-frequency component of the record is 
dominated by tides, with clear fortnightly envelopes formed by tidal constituents. 

 
Figure I.6.3.35: Time series of temperature (upper panel) and bottom pressure (lower panel) from BPR 
#0083 deployed at NABOS M1-5b mooring. 

 

 

 

 

The M3f mooring was deployed on the 7th of September, 2015 at 79°56.1941N and 142°15.216E, with 
water depth 1357 m. The M3f mooring consists of six Seabird SBE37s and two ADCPs (Table I.6.3.2 and 
Fig. A.II.7a). Above major flotation, the mooring also had a thermistor chain, which included 13 SBE56 
thermistors (Fig. A.II.7b). This mooring was successfully recovered on September 7, 2018. 
     Temperature records from the thermistor array show a clear seasonal cycle, with ventilation of the layer 
driven by brine rejection during ice formation in winter and warming in summer (Fig. I.6.3.36). Particularly 
striking is very high temperature, of up to 2 °C, recorded in summer 2015. 

 
Figure I.6.3.36: Time series of water temperature derived from the upper ocean thermistor array deployed 
at NABOS M3f mooring. 
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Temperature, conductivity, salinity and pressure records from six recovered SBE37s are shown in Fig. 
I.6.3.37. Despite some minor salinity spikes evident in the records, all time series overall appear clean 
except the deepest instrument #12928 which had segments with density lower than that from the above 
depth level. Linear regression was used to correct salinity. Coefficients of linear regression were derived 
from salinities measured at 268 and 614m using the first part (~20%) of the records. Then, using these 
coefficients and the rest of salinity record at 268m, salinities for SBE#12928 were reconstructed. 

 

 
 

 

 
 
 

Figure I.6.3.37: Time series 
derived from SBE37 microcats 
deployed at NABOS M3f 
mooring. 

 

 

 

 

 

Current speed records are provided by two ADCPs for the upper 50 m layer and for the depth range ~175-
450 m (Fig. I.6.3.38). The top ~5 m of the shallower ADCP record is strongly contaminated by noise; the 
rest of the record is dominated by seasonal signal, with stronger current speed in summer. The deeper ADCP 
record is clean, with several periods of increased currents. The lower ADCP does not show any obvious 
increase in current speed in summer. Quality control estimates are shown in Fig. I.6.3.39. Fig. I.6.3.40 
compares the closest current records from both ADCPs which generally look similar. 

Figure I.6.38: Time-depth section of current speed (cm/s) from (left) ADCP 300 kHz #22119 and (right) 
ADCP 75 kHz  #22021 deployed at mooring M3f. 
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Figure I.6.39: Quality masks (0 and 1 were used for good and bad data, respectively) from (left) ADCP 
300 kHz #22119 and (right) ADCP 75 kHz #22021 deployed at mooring M3f. 

 
Figure I.6.3.40: Time series of current speed (top), eastward U (middle), and northward V (bottom) 
velocities measured by the 75-kHz ADCP (red curve) at 180 m and by the 300-kHz ADCP at 44 m (blue 
curve) at M3f mooring. Correlation coefficients R are computed using daily series. 
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The M1-4short mooring was deployed on the 2d of September, 2018 at 78°30.833N and 125°58.924E, 
with water depth 2700m. The mooring consists of two Seabird SBE37s, one MMP, and two ADCPs 300 
kHz and one RDI V50 belonging to University of Bergen (Table I.6.3.2 and Fig. A.IV.1). All instruments 
targeted the upper 200m of water column to provide the highest possible frequency of observations. The 
mooring missed target depth and the majot flotation was at 8m from the surface (instead of 20m planned). 
This mooring was successfully recovered on September 20, 2018. 

Two microcats SBE37 were deployed above (#6278) and below (#12961) MMP profiling range to provide 
quality control temperature and salinity values for the MMP profiles. Unfortunately, the deeper instrument 
stopped working after just a few days in water (Fig. I.6.3.41).   

 
Figure I.6.3.41: Time series derived from SBE37 microcats deployed at the short-term NABOS M1-4short 
mooring. 

Over approximately 19 days period covering September 2–20, 2018, high-frequency MMP sampling 
provided 1367 profiles (roughly, three profiles per hour) of water temperature and salinity (Fig. I.6.3.42) 
and currents (Fig. I.6.3.43) in the upper 30-200m water column. The temperature and salinity records look 
clean, with no obvious problems, and exhibit a lot of variability. 

 
Figure I.6.3.42: Time-depth section of temperature (ºC, left) and salinity (right) from MMP #12215 
deployed at the short-term mooring M1-4short. 
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Current records from MMP and two ADCP 300kHz deployed above (#19097) and below (#19033) MMP 
depth range are shown in Fig. I.6.3.43. Quality control estimates are shown in Fig. I.6.3.44; they suggest 
that the quality of ADCP records is good. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure I.6.3.43: Depth vs. time diagram of current components (cm/s) from (top) ADCP 300 kHz #19097, 
(middle) MMP #12215, and (bottom) ADCP 300 kHz #19033 deployed at the short-term mooring M1-
4short. 

 
Figure I.6.3.44: Quality masks (0 and 1 were used for good and bad data, respectively) from ADCP #19097 
and ADCP 300 kHz #19033 deployed at a short-term mooring M1-4short in September 2018. 
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The MMP record of currents looks noisy at the top of the profiling depth range (Fig. I.6.3.43) and the 
decision was made to test extensively the quality of the MMP record. First, mean vertical profiles of currents 
velocities and shear were compared. This comparison showed that the match between lower ADCP and 
MMP profiles is good (Fig. I.6.3.45). However, there is a big difference between the upper ADCP and 
MMP profiles which suggests that the upper part of MMP record was contaminated by noise due to mooring 
line motion in the upper ocean layer. Further analysis including estimates of spectral density derived from 
time series of current components from ADCP and MMP confirmed this hypothesis. Fig. I.6.3.46 shows 
frequency spectra of currents from both ADCPs and MMP before (left) and after (right) 5m running mean 
vertical smoothing applied to the vertical profiles of currents. The power spectra of raw MMP data are 
almost horizontal in the upper 50m which suggests high level of (high-frequency) noise in the records (Fig. 
I.6.3.46, left, 50m). This noise is not removed completely by smoothing (Fig. I.6.3.46, right, 50m). The 
situation in the lower part of the MMP data was different from the beginning (see vertical profiles in Fig. 
I.6.3.45). Filtering applied to the MMP records from the lower part of the profiling depth range made 
spectra derived from MMP and lower ADCP very similar (Fig. I.6.3.46, right, 150m). This analysis shows 
that MMP data from the upper ~75-100m layer are too noise to be used in the future analysis. 

 
 
 
Figure I.6.3.45: Averaged over the entire record 
vertical profiles of zonal (U) and meridional (V) 
components of currents, current speed (all cm/s) 
and vertical shear of the horizontal currents (s-1) 
derived from upper 300 kHz ADCP (blue), 
MMP (green) and lower ADCP 300 kHz (red) 
deployed at a short-term mooring M1-4short in 
September 2018. 
 

 

Figure I.6.3.46: Frequency spectra of current velocity components and shear derived from MMP (red) and 
ADCP records from M1_4short mooring deployed and recovered in Spetember 2018. 
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Noisy upper part of the MMP current record was not the only consequence of the missed target deployment 
depth. Another problem associated with that was that the RDI record of currents was limited by very narrow 
depth range of just upper 6m of water column (Fig. I.6.3.47). Moreover, because of reflection of the signal 
from the surface the upper part of these 6m was contaminated by noise (Fig. I.6.3.48). 

 

 

 

 

 

Figure I.6.3.47: Time-depth section of current speed (cm/s) derived from RDI-V50 #24015 deployed at a 
short-term mooring M1-4short in September 2018. 

 

 
 

Figure I.6.3.48: Quality masks (0 and 1 were used for good and bad data, respectively) from RDI-V50 
#24015 deployed at a short-term mooring M1-4short in September 2018. 
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I.6.3.2.3. Mooring deployments 
Since this was the last funded year of NABOS-II program, only one long-term mooring, M1-4c at 
78o28.084N and 125o57.679E, 2700m, was deployed during the NABOS 2018 cruise (Table I.6.3.3, Fig. 
A.III.1). The mooring was designed to carry CTD sensors (SBE-37) at standard depths of 55, 125, 200, 
250, 400, and 600 m. The mooring is heavily equipped with current meters. It uses a combination of two 
300 kHz, to measure the velocity profile in the upper 120m of the water column. Two 75 kHz ADCPs 
(Longrangers) measure the velocity profile in 200-600m of the water column.  
One more mooring, M14short, was deployed for the duration of the cruise only. It was deployed at close 
proximity to M1-4c mooring (Table I.6.3.3, Fig. A.IV.1). It was successfully recovered at the end of the 
cruise (see data description provided by this mooring in the previous section).  

Table I.6.3.3: Summary of Laptev Sea deep-water mooring deployments in 2018. 

M00RING Date/s Operation Lat./Long. Depth Instruments 

M1-4c 19th Sept 2015  Deployment 78 28.084 N 2700m 6 SBE37 
          125 57.679E   2 x ADCP 300khz 
          2 x ADCP 75kHz 

M1-4short 2d Sept 2018 Deployment 78 30.833N 2700m 
1 x MMP 
2 x SBE37 

      
125 58.924E 

   
2 x ADCP 300kHz 
1 x ADCP RDI-V50 

A normal CTD downcast would then be conducted, and the profile scrutinised for zones of vertical 
homogeneity in temperature. From these observations, three stopping depths, in addition to maximum cast 
depth, were defined to collect the inter-calibration measurement series, as conditions allowed. Instruments 
were held at calibration depths for seven minutes, to allow equilibration. By using depth ranges within 
zones of vertical thermal homogeneity, any differences in temperature readings between the reference 
instrument and the test instruments ought to be attributable to differences in sensor output rather than 
vertical displacement on the frame, or frame movement up and down though the water column. As a result, 
sensible offsets can be established once compared to the original factory calibration series, as well as the 
output from the CTD sensors for each instrument. Differences in vertical displacement between instruments 
with pressure sensors (SBE37 series) and the reference pressure sensor (SBE 9/11+ Digiquartz® s/n 127217) 
were established to account for baseline differences in pressure sensor placement prior to incorporating into 
subsequent offset analysis or calibration coefficient derivation. This series of measurements provides an 
important benchmark for the field data set in the absence of a full laboratory calibration of these instruments. 
Additionally, it provides data from which the initial calibration coefficients for the second deployment can 
be assessed and potentially derived, albeit over limited parameter ranges. 

Table I.6.3.3: Summary table of inter-calibration cast series 

Date CTD Cast 
Number 

Maximum 
depth 
(metres) 

Stop depths 
(dbar) Instrument serial numbers 

September 
16 101 600m 600, 300, 42, 8.5 SBE37: 12921, 12923, 12924, 

12925, 12927, 12928 
September 

18 109 610m 610, 150, 30, 15 SBE56: 10522, 10527, 10529, 
12927 
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I.6.4. HYDROCHEMICAL OBSERVATIONS (M. Alkire, APL/UW) 
I.6.4.1. General information 
Primary cruise operations were conducted between August 21 and September 24, 2018 aboard the R/V 
Akademik Tryoshnikov.  A total of 126 stations were occupied during the main cruise, including 134 
separate CTD casts.  Stations were split between three primary groups:  NABOS, CATS, and TICE.  
Stations occupied by the CATS group included AT18-001 through AT18-026, AT18-051 and AT18-052, 
where “AT18-” stands for Akademik Tryoshnikov 2018.  The TICE group (stations AT18-082 through 
AT18-088, AT18-090, AT18-101) was primarily concerned with the deployment of autonomous sensor 
suites on (or in) pack ice.  These instruments will collect and transmit data in near real-time until the sea 
ice drifts out of the Arctic via Fram Strait.  In addition to instrument deployments, sea ice cores were 
collected at two of these stations and intercalibration casts (including deployment of the CTD/rosette and 
collection of water samples) was conducted by the CATS and NABOS participants (AT18-085).   Stations 
occupied by the NABOS group included AT18-028 through AT18-050 and AT18-054 through AT18-126, 
minus the intermittent ice stations.  Note that 11 additional stations (AT18-135 through AT18-145) were 
occupied at the end of the cruise (September 24, 2018) by a separate group of scientists from the Arctic and 
Antarctic Research Institute (St. Petersburg).  Personnel from the NABOS, CATS, and TICE groups were 
excluded from sampling at these stations as permissions to operate in the study region were restricted to 
Russian citizens. 
 
I.6.4.2. Instruments and equipment 
The sensor suite utilized during the cruise includes a Seabird SBE9plus conductivity-temperature-depth 
(CTD) equipped with dual temperature (SBE3) and conductivity (SBE4) sensors, an SBE5T submersible 
pump, and a digi-quartz pressure sensor.  Additional biogeochemical sensors mounted onto the rosette 
included a Seabird SBE43 dissolved oxygen sensor, a WET Labs ECO-FLNTU chlorophyll and turbidity 
sensor, a WET Labs C-Star transmissometer (beam transmission and attenuation), a photosynthetically-
active radiation (PAR) sensor (Biospherical model QCP2350), and a Satlantic Deep Submersible 
Ultraviolet Nitrate Analyzer (SUNA).  A Benthos PSA-916 altimeter was also mounted to the bottom of 
the rosette to avoid hitting the carousel on the seafloor.  Twenty-four Niskin bottles (10 L capacity) were 
also mounted on the rosette for the collection of water samples at specified depths. 

I.6.4.3. Personnel 
Personnel were split into two teams of four to work 12-hour shifts during day (08:00 to 20:00) or night 
(20:00 to 08:00) hours (Table I.6.4.1).  These teams collected water samples for the “core” variables of the 
NABOS project at most stations:  salinity, dissolved oxygen (O2), stable oxygen isotopes (d18O), nutrients, 
barium, total alkalinity and dissolved inorganic carbon (TA/DIC), colored dissolved organic matter 
(CDOM), dissolved organic carbon (DOC), and chlorophyll (CHL).  In addition to this core group, scientists 
and students involved in the CATS program also collected water samples at select stations for “non-core” 
parameters, such as DNA, total suspended sediments, and stable isotopes of Ba, Si, and Nd.   

I.6.4.4. Standard operations 
     A total of 92 hydrographic stations were occupied by the NABOS group during the cruise.  At all but 6 
of these stations, water samples were collected for a variety of chemical and biological measurements.  
Metadata describing the locations, dates, times (GMT), and depths of these stations will be made available 
with this report.  During each cast, the rosette was moved from the hydrology room to the port side deck 
using a hydraulic crane.  The rosette was then transferred to a winch and lowered over the port side of the 
vessel to a depth of ~22 m for initialization and sensor equilibration.  The rosette was then brought up to 
the surface (0-2 m) and then lowered through the water column at a relatively constant rate to a depth of 
either ~1000 m or between 5 and 10 m above the bottom.  Most casts were conducted to ~1000 m as some 
instruments cannot withstand pressures exceeding 1000 db.  Once the maximum depth was reached, the 
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rosette was stopped and a Niskin bottle was fired to obtain a water sample.  The rosette was then brought 
back up through the water column and routinely stopped at depths of 3000, 2000, 1500, 1000, 750, 500, 
250, 200, 150, 140, 130, 120, 110, 90, 80, 70, 60, 50, 40, 30, 20, 10, and 2-3 m (surface) for the collection 
of water samples (alternate or additional depths were tripped on a cast-by-cast basis).  The rosette was 
stopped for a period of ~30 seconds before sample collection to allow the bottles to soak and minimize 
turbulent flows caused the carousel’s wake as it moved upward through the water column.  Once the rosette 
reached the surface, it was brought back on deck and transferred inside the hydrology lab using the crane.   
 

Table I.6.4.1: Timetable of hydrochemistry team shifts during 2018 NABOS cruise 

Name Institution Shift 
Matthew Alkire APL/UW Day, shift leader 
Channing Bolt UAF Night, shift leader 
Kwanwoo Kim PNU Night 
Jo Naeun PNU Night 
Mirian Hansen UKiel Day 
Yana Kirichenko POMOR Night 
Stephan Kratz AWI Day 
Valentina Kubova POMOR Night 
Ksenia Simonova POMOR Day 
Nadejda Zakharova POMOR Day 
Dean Stockwell IMS/UAF Day & Night as needed 
Mats Granskog NPI Day & Night as needed 
Georgi Laukert GEOMAR CATS additional water samples 
Andreas Rogge AWI CATS additional water samples 
Nicole Stillberg AWI CATS additional water samples 
Susanne Spahic AWI CATS additional water samples 
Andrey Novikhin AARI CATS additional water samples 
Vasily Povazhnyy AARI CATS additional water samples 

     Optical instruments were typically rinsed with distilled water immediately after the rosette was brought 
back into the hydrology lab.  Once this rinsing was complete, the Niskin bottles were immediately sampled.  
Gases (dissolved oxygen, and dissolved inorganic carbon) were sampled from bottles first to minimize 
atmospheric contamination.  Once sampling for gases was completed, samples for CDOM and DOC were 
collected (also to minimize potential contamination).  The chemistry team then collected samples for all 
remaining chemical parameters.  This was completed by pre-loading a series of 24 buckets (each 
corresponding to a Niskin bottle on the rosette) with the appropriate bottles necessary for collection of the 
samples desired.  Each bucket (and bottles therein) was labeled with a specific identification number that 
corresponds to the station and depth of the sample.  Each member of the chemistry team on duty would 
take a bucket to its associated Niskin bottle and fill the sample bottles in that bucket, taking care to fill 
smaller volume sample bottles first (e.g., nutrients, stable oxygen isotopes) and then moving on to larger 
volume bottles (e.g., CHL).  The completed bucket would then be returned and the team member would 
grab another bucket and continue sampling.  Once all buckets had been sampled, a log of collected samples 
was completed for record keeping.   
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I.6.4.5. Sample collection 
     A summary of the total number of samples collected for the core variables is presented in Table I.6.4.2.  
The majority of samples were collected during routine casts of the CTD rosette; however, additional 
samples were collected by melting ice cores collected from a single floe that served as a platform for 
deploying autonomous instruments (TICE) as well as occasional surface samples collected using the 
underway system (“ferry box”).   
 

Table I.6.4.2.  Summary of water samples collected during the 2018 NABOS cruise. 

Variable CTD Stations Ice Cores Underway Samples TOTAL 
O2 131 0 0 131 
d18O 1489 15 19 1523 
Ba 1480 0 5 1485 

Nutrients/REEs 1534 12 21 1567 
TA/DIC 283 0 0 283 

CHL 433 0 1 434 
Salinity 64 12 11 87 

CDOM/DOC 343 12 40 395 
Ra 54 0 0 54 

 
5.1 CTD stations 
     At most stations, samples were routinely collected for chlorophyll (0-50 m), TA/DIC (0, 10, 50, and 100 
m), stable oxygen isotopes (d18O, full depth range), nutrients (full depth range), and barium (full depth 
range).  Most of the nutrient samples (> 70 %) were filtered using syringe-type filters (cellular acetate, 0.45 
µm); samples that were not filtered were collected at stations in the deep basins (> 2000 m water depth) 
where particulate concentrations in the water column were very low.  Samples for O2 and salinity were 
collected at alternating stations to assess the quality of the factory calibrations of the conductivity and O2 
sensors, respectively, and to determine if there was any drift in sensor response during the cruise.  These 
samples were typically collected at 10 m, 250 m, 500 m, 1000 m, and deeper depths (1500-3000 m) as they 
typically exhibited homogeneous/well mixed properties; sampling in regions of sharp gradients was 
avoided due to a higher probability of error matching water samples and sensor-based data at bottle trip 
depths.  Salinity samples were collected into 225 mL borosilicate glass bottles; d18O samples into 20 mL 
borosilicate glass vials; CDOM samples into 50 mL amber glass vials; nutrient samples were collected into 
20 mL HDPE vials pre-cleaned via soaking with HCl and copiously rinsed with Milli-Q water.  Note that 
a select number of nutrient samples will also be analyzed for the concentrations of rare-earth elements 
(REEs).  Samples for the analysis of Ra isotopes were also collected using the underway system.  Triplicate 
samples were collected from 18 stations by filling 60 L carbuoys from a hose connected to the underway 
system.  The approximate depth of the intake for the underway system was located at 6 m below the surface.   
     Larger volume samples for particulate organic carbon (POC), Nd isotopes, Ba isotopes, Si isotopes, and 
DNA, were collected at selected depths and stations during NABOS controlled casts as excess water was 
available.  Samples collected to estimate the rate of primary production (PP) were collected at 12 stations.  
The frequency of samples collected for PP was determined predominately by local sunlight conditions. 
 
5.2 Sea ice cores 
     Six ice cores were collected from a single floe (~80.502°N, ~167.378°E) that was anchored on the 
starboard side of the ship.  Personnel and equipment were lifted down to the ice using the ship’s crane and 
a “basket” comprised of a pallet enveloped by cargo netting.  The sampling team walked ~0.25 mile away 
from the ship to a suitable location for coring.  We note that the ice thickness was judged to be somewhat 
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thinner in this area compared to the rest of the floe (mean ice thickness 2-3 m).  Cores were collected in 
single area of the floe, in close spatial proximity (< 16 m2 area) using a manually powered Kovacs Coring 
System.  The air temperature during the coring operation was -0.5°C and the ice was in a clear state of 
active melting.  Numerous melt ponds were present on the floe and the ice cores were predominately slushy 
in the upper 60-100 cm.  Water pooled into the drill holes after drilling down 10-20 cm; this water was 
likely derived from the melt ponds and/or seawater that had already inundated the rotten ice.  The sea ice 
sections were more solid/less slushy below approximately 100 cm core depth.   
     The mean length of the cores was 223 ± 53 cm (Table I.6.4.3).  Cores were split into sections of either 
5 cm or 20 cm resolution immediately after extraction.  The top 20 cm of the each core was cut into 5 cm 
sections (i.e., 0-5 cm, 5-10 cm, 10-15 cm, and 15-20 cm) whereas the remaining length of the core was split 
into 20 cm sections (e.g., 20-40 cm, 40-60 cm, etc.).  Core sections were stored in doubled Ziploc bags and 
placed into coolers for transport back to the ship.  Samples of snow were also collected into Ziploc bags 
nearby the ice coring location.  The ice and snow samples were left in the coolers and allowed to melt in 
their respective bags over a period of ~48 hours at room temperature (20-25°C).  Once all sea ice samples 
were melted, the meltwater from each core corresponding to a specific vertical horizon (e.g., 20-40 cm) 
was poured into a Niskin bottle to produce a bulk sample of large enough volume sufficient to sampled for 
the chemical parameters of interest (salinity, d18O, CDOM, REEs, and Nd).  The Niskin bottles were pre-
cleaned via soaking with Milli-Q water overnight and rinsed with ~500 mL of meltwater prior to mixing 
the bulk sample.  The mixing together of the meltwater in this manner provided an averaged vertical profile 
of the sea ice chemistry representing the mean conditions of the floe in the region of sampling.  Such 
treatment smoothes over small-scale spatial variations in the sea ice chemistry in favor of a mean 
representation from a small sample size.  This method also guaranteed that sufficient meltwater was 
collected from each vertical horizon for subsequent chemical analyses.   
     Bulk meltwater from each vertical horizon was sampled from the Niskin bottles for the analyses of 
salinity, d18O, CDOM/DOC, Nd, and rare-earth elements (see Table I.6.4.2).  Samples for CDOM, REEs, 
and Nd were filtered using Pall AcroPak capsules (0.8/0.2 µm).  The salinity and d18O vials were outfitted 
with tight-fitting caps equipped with conical inserts and parafilmed to prevent evaporation during storage 
and transport.   
 
Table I.6.4.3.  Lengths of sea ice cores collected on a single floe located at approximately 80.502N, 
167.378E.  Cores were collected on 09/13/18 between 01:48 and 05:00 GMT.  

Core Length (cm) 
A 189 
B 196 
C 271 
D 309.5 
E 186 
F 188 

AVG ± STDEV 223 ± 53 
 
5.3 Underway samples 
     Near-surface (~6 m) samples were collected for the analysis of d18O, salinity, barium, CDOM/DOC, and 
nutrients at 20 locations while the ship was in transit between planned sampling transects (see Table 
I.6.4.2).  At each station, a bulk sample was collected by filling a bucket from the outlet hose of the 
underway system, positioned directly outside of the hydrology laboratory.  This bulk sample was then sub-
sampled for the various chemical parameters of interest.  
 
5.4 Chemical analyses 
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     The majority of samples collected during the cruise will be shipped to various laboratories and analyzed 
over the next several months.  Nutrient and CDOM/DOC samples were frozen immediately after collection 
at -80ºC and will be shipped back to facilities at IARC/UAF and NPI, respectively for analysis.  TA/DIC 
samples were preserved with saturated mercuric chloride and will be analyzed at IARC/UAF.  Barium 
samples will also be shipped to IARC/UAF for analysis.  Salinity samples will be shipped to the Marine 
Chemistry Laboratory, University of Washington for analysis.  Stable oxygen isotope samples will be 
shipped to laboratory facilities at Oregon State University for analysis.  Samples collected for chlorophyll 
concentration were processed and analyzed during the cruise; however, the final data sets require additional 
analysis.  Samples of dissolved oxygen were processed during the cruise and are discussed in the next 
section. 

I.6.4.6. Dissolved oxygen 
     During the cruise, 136 dissolved oxygen samples were collected to calibrate the SBE43 O2 sensors.  
Precision was estimated to be ± 0.02 mL L-1 determined from random duplicate and triplicate samples (n = 
34) collected over the cruise.  These data were used in combination with salinity and temperature manually 
read from the bottle files logged by the CTD to check the quality of the Seabird SBE43 oxygen sensors 
calibration and determine whether updates to the calibration coefficients are necessary.  The primary sensor 
(S/N 2558) was utilized during the majority of the cruise (stations AT18-001 through AT18-114) and was 
replaced on September 22 due to an apparent malfunction of the sensor during the upcast of station AT18-
114 (O2 concentrations exhibited a sudden and negative shift of ~0.4 mL L-1 relative to the downcast profile 
concentrations, beginning at ~1500 m depth).   
     The results of this analysis should be considered preliminary, as final checks of the data will be 
conducted following the cruise and release of the raw CTD data.  Fig. I.6.4.1 shows a comparison of the 
Winkler O2 data (normalized by phi, a parameter determined from the corresponding CTD salinity, 
temperature and pressure as well as the applied calibration coefficients) and the sensor voltages recorded 
by the SBE43 sensors.  Different symbols and colors are plotted for the six transects occupied during the 
cruise.  The linear regressions indicated relatively good agreement between the oxygen concentrations 
measured on the water samples versus those determined by the Seabird sensors, after accounting for a small 
offset (sensor-derived oxygen concentrations < Winklers; see Fig. I.6.4.2).  Furthermore, the available data 
suggested that the sensors did not drift significantly over the course of the cruise.    

 
Figure I.6.4.1.  Plot of voltages from the dissolved oxygen sensors versus “Winkler/phi”, a parameter 
utilized the dissolved oxygen concentrations determined via Winkler titration to check the accuracy of the 
calibration coefficients of the two sensors.  The slope and intercept of the linear regressions are used to 
derive updated calibration coefficients for the sensors (see Table I.6.4.4). 
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Figure I.6.4.2.  Vertical profiles of dissolved oxygen concentrations measured on water samples (Winklers) 
as well as those derived from Seabird sensors 2558 and 2559.  Note the consistent offset of ~0.6 mL L-1 
between Winklers and CTD-derived oxygen concentrations, indicating that the sensors underestimate the 
true dissolved oxygen concentration 
 
 
Table I.6.4.4.  Calibration coefficients (Soc & Voffset) for SBE43 oxygen sensors.  The original 
coefficients were those supplied by Seabird whereas the new coefficients are those derived from the data 
comparison shown in Fig. 1.  The proposed adjustments to the calibration coefficients are considered to 
be preliminary at this stage.  Final analyses will be conducted after the cruise. 

 Sensor 2558 Sensor 2559 
New Soc 0.5254 0.4376 
New Voffset -0.4136 -0.3327 
Original Soc 0.5053 0.4409 
Original Voffset -0.4783 -0.5025 

 
 
I.6.4.7. Nitrate data from the SUNA 
     The SUNA (Submersible Ultraviolet Nitrate Analyzer) was mounted on the rosette, in-line with the 
CTD, at 96 stations (including CATS, NABOS, and Russian-only stations) during the cruise.  Deployment 
of the SUNA was limited due to pressure limitations (< 1000 db) of the battery pack needed to power the 
instrument.  Due to a malfunction in the Y-cable used to connect the SUNA output directly to the CTD, the 
SUNA was operated independently.  As a result, all data files were stored on-board the instrument and 
occasionally downloaded via USB connection to a laptop computer.  The SUNA does not measure pressure; 
therefore, the data stream from the SUNA will be synchronized to that of the CTD (and other sensors) using 
timestamps recorded by the CTD and SUNA instrument clocks.  Prior to the start of the cruise, the SUNA 
clock (GMT time) was synchronized to a handheld GPS unit.  During the cruise, the SUNA clock was 
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compared against the NMEA that was used to provide time (also in GMT), latitude, and longitude to the 
CTD deck unit.  The SUNA and NMEA/CTD clocks agreed to within 3 seconds (SUNA led NMEA time).  
     Synchronization and post-processing of the SUNA and CTD data will be conducted after the cruise.  
Time synchronization of the SUNA and CTD measurements will allow the ultraviolet absorbance spectra 
(collected at ~1 Hz) to be mapped onto the pressure axis, resulting in a vertical profile.  The processed CTD 
data will be interpolated/sub-sampled to match the SUNA measurement frequency (~1-2 m depth bins).  
Following synchronization and interpolation, the temperature and salinity measurements will be used to 
calculate the ultraviolet absorbance due to bromide ion.  In sufficiently oxygenated waters wherein sulfide 
and nitrite concentrations are very low, absorption of ultraviolet radiation in the wavelength range measured 
by the SUNA (190-396 nm) is due to bromide, dissolved organic matter, and nitrate.  The absorption spectra 
of bromide and dissolved organic matter are calculated and linearly approximated, respectively, and 
subsequently subtracted from the measured absorbance spectra.  The remaining spectra should represent 
the absorption due to nitrate ion and calibration coefficients provided by the manufacturer are used to 
compute the nitrate concentration.   
     Following the calculation of the nitrate concentrations using these calibration coefficients, an additional 
correction will be applied to the data, based on the nitrate concentrations measured from the water samples 
collected at accompanying stations.  Such corrections are necessary as a baseline drift of the nitrate 
concentration is a common occurrence in this instrument.  Therefore, one can expect nitrate concentrations 
measured by the SUNA to generally increase over time.  For example, preliminary analyses of nitrate 
concentrations measured by the SUNA in near-surface waters suggested a drift of ~5 mmol m-3 over the 
duration of the cruise.  Corrections applied using nutrient measurements conducted on water samples will 
be applied once nutrient analyses have been conducted and quality control measures applied.  An additional 
check on the accuracy of the nitrate profiles can be achieved via comparison of surface and deep water 
measurements conducted during previous expeditions in the study area.  Surface nitrate concentrations are 
expected to be close to/equal to zero since the Arctic is an oligotrophic and nitrogen-limited ocean.  Nitrate 
concentrations at depth have been found to vary little on large spatial and temporal scales.  For example, 
mean nitrate concentrations measured on water samples collected from four separate expeditions in the 
Arctic Ocean during the summer of 2015 indicated relatively invariant concentrations at depths of ~500 m 
(12.8 ± 0.7 mmol m-3) and ~1000 m (14.3 ± 0.8 mmol m-3).   
      
I.6.4.8. Data availability 
     All data collected during the cruise will be checked thoroughly for errors and will be archived online 
with accompanying metadata detailing any chemical analysis, data post-processing, and/or analyses at the 
NSF Arctic Data Center (https://arcticdata.io/), a repository for data collected during research projects 
funded by the National Science Foundation under the Arctic Observing Network program.  Data sets will 
also be archived on the project website (http://nabos.iarc.uaf.edu/data/registered/main.php). 
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APPENDIX I: List of 2018 CTD  stations (yellow identifies CATS stations, grey identifies 
AARI stations, all unmarked ones are NABOS stations) 

## 
station 

Date Time Lat, 
deg 

Lat, 
min 

Long. 
deg 

Long, 
min 

Depth, m Station 
name 

1 24.08 5.23 82 34.86 95 30.29 3023 AT008 
2 24.08 0.28 82 33.79 95 32.57 3023 AT007 
3 22.08 13.16 82 23.94 95 24.57 2914 AT002 
4 22.08 9.11 82 23.34 95 16.13 2844 AT001 
5 24.08 15.29 82 13.5 94 52.87 2440 AT009 
6 22.08 19.53 82 6.69 94 50.23 2081 AT003 
7 22.08 23.57 82 6.36 94 46.04 1982 AT004 
8 23.08 7.47 81 57.67 94 32.53 1425 AT005 
9 23.08 10.31 81 57.59 94 32.38 1404 AT006 
10 24.08 23.21 81 55.85 94 31.41 903 AT011 
11 24.08 20.02 81 55.82 94 30.78 1045 AT010 
12 25.08 5.31 81 51.49 94 24.26 367 AT012 
13 25.08 7.33 81 51.38 94 22.63 370 AT013 
14 26.08 21.42 78 52.47 112 53.22 2005 AT015 
15 26.08 18.01 78 52.03 112 51.56 2005 AT014 
16 27.08 3.03 78 44.11 112 9.43 764 AT017 
17 27.08 0.46 78 43.97 112 9.21 726 AT016 
18 27.08 7.32 78 37.13 111 28.05 290 AT019 
19 27.08 5.38 78 37 111 27.69 274 AT018 
20 27.08 10.12 78 24.05 110 2.68 64 AT020 
21 27.08 17.35 77 42.07 112 35.39 89 AT021 
22 27.08 20.23 77 47.64 112 14.59 246 AT022 
23 27.08 21.5 77 48.38 112 22.66 244 AT023 
24 28.08 0.49 78 0.23 111 20.98 297 AT024 
25 28.08 4.36 78 13.15 110 57.26 294 AT025 
26 28.08 10.35 77 56.95 114 20.83 330 AT026 
27 28.08 22.58 77 53.32 115 46.92 394 AT027 
28 29.08 0.52 77 53.53 115 57.47 492 AT028 
29 29.08 23.06 77 21.97 114 22.28 63 AT035 
30 29.08 19.53 77 33.74 115 29.02 76 AT034 
31 29.08 18.33 77 33.87 115 30.61 75 AT033 
32 29.08 14.53 77 42.11 116 16.44 368 AT032 
33 29.08 10.53 77 48.14 117 0.39 1126 AT031 
34 29.08 4.18 77 56.95 117 45.75 1620 AT029 
35 29.08 7.43 77 57.02 117 45.53 1620 AT030 
36 1.09 3.34 81 26.85 125 56.75 3960 AT041 
37 31.08 23.45 81 6.67 126 1.08 3852 AT040 
38 31.08 19.43 80 43.75 126 2.55 3720 AT039 
39 31.08 14.22 80 22.05 125 59.94 3630 AT038 
40 31.08 9 79 58.56 126 9.59 3395 AT036 
41 31.08 11.09 79 58.38 126 10.84 3385 AT037 
42 1.09 18.44 79 46.23 126 6.78 3288 AT042 
43 1.09 22.3 79 28.5 126 0.5 3174 AT043 
44 2.09 0.54 79 13.48 125 58.18 3107 AT044 
45 2.09 3.59 78 57.81 125 58.59 2935 AT045 
46 2.09 6.53 78 43.69 125 57.81 2858 AT046 
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47 2.09 13.3 78 30.86 126 2.45 2709 AT047 
48 2.09 17.32 78 18.08 125 53.12 2582 AT048 
49 2.09 19.43 78 9.39 125 50.07 2471 AT049 
50 2.09 22.2 77 58.68 125 50.1 2250 AT050 
51 3.09 0.47 77 48.71 125 49.81 2168 AT051 
52 3.09 3.11 77 38.74 125 49.07 1858 AT052 
53 3.09 7.45 77 38.59 125 54.49 1500 AT053 
54 3.09 9.17 77 29.75 125 48.33 1708 AT054 
55 3.09 13.3 77 20.29 125 47.32 1337 AT055 
56 3.09 16.44 77 10.86 125 50.79 903 AT056 
57 4.09 2.32 77 7.24 125 48.15 685 AT058 
58 4.09 0.13 77 4.55 125 52.26 353 AT057 
59 4.09 5.35 77 0.66 125 51.35 98 AT059 
60 4.09 6.52 76 56.21 125 52.9 83 AT060 
61 4.09 12.58 76 21.05 125 7.19 56 AT062 
62 4.09 11.35 76 20.01 125 0.31 59 AT061 
63 4.09 16.57 75 59.6 126 0.4 46 AT063 
64 4.09 18.25 75 59.5 126 0.2 45 AT064 
65 5.09 21.25 81 9.58 136 19.35 2980 AT065 
66 6.09 5.2 81 6.41 138 8.83 2014 AT067 
67 6.09 3.2 81 5.56 138 4.36 2133 AT066 
68 6.09 7.31 80 52.89 138 47.86 1817 AT068 
69 6.09 11.7 80 38.38 139 45.65 1976 AT069 
70 6.09 14.3 80 24.29 140 37.87 1481 AT070 
71 6.09 17.54 80 10.76 141 28.7 1500 AT071 
72 6.09 23.15 79 56.99 142 18.19 1372 AT072 
73 7.09 3.3 79 47.52 142 56.53 1005 AT073 
74 7.09 6.32 79 42.05 143 24.8 565 AT074 
75 7.09 9.8 79 35.97 143 53.72 335 AT075 
76 7.09 12.27 79 22.34 144 54.43 167 AT076 
77 7.09 17.1 78 46.39 148 23.76 76 AT077 
78 7.09 21.26 78 9.15 151 31.77 61 AT078 
79 8.09 1.41 77 30.85 154 10.84 61 AT079 
80 8.09 6.35 76 51.33 156 34.64 59 AT080 
81 8.09 12.38 76 11.23 158 53.88 55 AT081 
82 8.09 19.54 75 28.06 160 52.14 48 AT082 
83 9.09 2 75 56.18 161 28.7 51 AT083 
84 9.09 7.18 76 25.14 162 16.35 72 AT084 
85 9.09 17 77 20.19 163 58.28 112 AT085 
86 9.09 19.59 77 46.97 164 50.21 219 AT087 
87 10.09 0.14 78 14.81 165 53.66 301 AT088 
88 10.09 3.4 78 28.03 166 14.84 430 AT089 
89 10.09 5 78 35 166 29.94 817 AT090 
90 10.09 8.3 78 47.13 167 2.54 1477 AT091 
91 10.09 13.15 79 1.68 167 34.37 1975 AT092 
92 10.09 17.17 79 14.66 168 50.53 2435 AT093 
93 10.09 17.17 79 14.66 168 50.53 2435 AT093 
94 13.9 9.57 80 30.13 167 10.79 2775 AT094 
95 13.9 14.11 80 30.47 167 11.92 2775 AT095 
96 13.9 15.31 80 30.31 167 9.02 2747 AT096 



 61 

97 15.9 14.21 80 23.17 161 34.16 2750 AT097 
98 16.9 3.48 80 1.85 160 9.02 2219 AT098 
99 16.9 8.55 79 41.28 159 0.25 1150 AT099 
100 16.9 11.23 79 36.01 158 52.88 764 AT100 
101 16.9 13.27 79 36.53 158 49.43 842 AT101 
102 16.9 15.26 79 30.08 158 35.71 365 AT102 
103 16.9 18.16 79 22.31 158 11.54 252 AT103 
104 16.9 21.37 79 2.95 157 15.54 148 AT104 
105 17.9 0.25 78 41.02 156 24.16 100 AT105 
106 17.9 2.48 78 22.73 155 40.37 75 AT106 
107 17.9 5.18 78 2.24 154 58.69 70 AT107 
108 17.9 8.17 77 42.44 154 11.9 63 AT108 
109 18.9 9.3 78 1.4 128 49.92 2408 AT109 
110 18.9 16.44 78 28.34 125 54.12 2700 AT110 
111 19.9 13.26 78 29.03 125 59.55 2667 AT111 
112 20.9 15.1 77 55.76 122 55.89 2160 AT112 
113 20.9 18.08 77 36.64 122 18.46 1720 AT113 
114 20.9 20.3 77 27.57 122 1 1125 AT114 
115 20.9 22.41 77 20.23 121 41.49 417 AT115 
116 21.9 0.36 77 16.19 121 36.9 237 AT116 
117 21.9 1.56 77 12.59 121 27.12 95 AT117 
118 21.9 3.28 77 1.73 121 3.24 74 AT118 
119 21.9 9.3 78 3.36 118 33.2 1914 AT119 
120 21.9 16.46 79 15.34 114 55.72 2870 AT120 
121 21.9 22.22 79 59.97 112 1.58 3162 AT121 
122 22.9 2.56 80 35.68 109 14.69 3050 AT122 
123 22.9 7.53 80 24.32 108 10.16 2600 AT123 
124 22.9 10.2 80 16.71 107 25.79 2345 AT124 
125 22.9 13.45 80 9.71 106 42.4 1931 AT125 
126 22.9 16.53 80 5.15 106 7.5 1400 AT126 
127 22.9 19.19 80 3 105 57.04 1050 AT127 
128 22.9 21.52 80 0.46 105 42.34 655 AT128 
129 23.9 1.17 79 55.39 105 12.77 378 AT129 
130 23.9 3.1 79 47.85 104 32.45 370 AT130 
131 23.9 5.43 79 40.52 103 51.36 330 AT131 
132 23.9 7.26 79 35.46 103 21.5 340 AT132 
133 23.9 8.58 79 32.53 103 9.06 295 AT133 
134 23.9 11.07 79 30.14 102 51.3 171 AT134 
135 24.9 9.49 79 17.73 101 25.7 248 AT135 
136 24.9 11.21 79 18.71 101 7.16 170 AT136 
137 24.9 12.17 79 19.7 100 45.18 268 AT137 
138 24.9 14.09 79 20.79 100 12.51 220 AT138 
139 24.9 15.15 79 22.03 100 4.57 189 AT139 
140 24.9 17.18 79 10.79 99 46.4 189 AT140 
141 24.9 18.32 79 10 100 2.26 230 AT141 
142 24.9 19.47 79 9.3 100 17.3 273 AT142 
143 24.9 20.53 79 8.56 100 35.19 240 AT143 
144 24.9 22.18 79 7.79 100 51.29 231 AT144 
145 24.9 23.13 79 6.79 101 7.5 218 AT145 



 62 

APPENDIX II: Schematics of moorings recovered in 2018 

 
Figure A.II.1. NABOS M1-1b (2015-18) mooring schematic. 

 

37 inch

sbe 37 10522 

sbe 37 12926  

sbe 37 12924  

dual rel 31452
dual rel 32054

ADCP 75 19063  
   

250m

M1-1b As Deployed 18th Sept 2015
77 04.2214N 125 49.5769E 

53m

140m

240m

244m

189m cort

chain 1m

chain 1m std link

Recovery line
Trawl float

Anchor

chain 1m long link

3 x railway wheels
    750 kg

Releaser 31452
Enable 476765
Disable 477010

Releaser 32054
Enable 561205
Disable 561226

Elcat 45117
Enable 473112
Disable 473131

Depth 252m



 63 

 
Figure A.II.2a. NABOS M1-2b (2015-18) mooring schematic. 
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Figure A.II.2b. Schematic of upper ocean termistor array for NABOS M1-2b (2015-18) 
mooring. 
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Figure A.II.3. NABOS M1-3b (2015-18) mooring schematic. 
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Figure A.II.4. NABOS M1-4b (2015-18) mooring schematic. 
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Figure A.II.5a. NABOS M1-5b (2015-18) mooring schematic. 
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Figure A.II.5b. Schematic of upper ocean termistor array for NABOS M1-5b (2015-18) 

mooring. 
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Figure A.II.6a. NABOS M3f (2015-18) mooring schematic. 
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Figure A.II.6b. Schematic of upper ocean termistor array for NABOS M3f (2015-18) 

mooring. 
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Figure A.II.7. AWI AK1-1 (2015-18) mooring schematic. 
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Figure A.II.8. AWI AK2-1 (2015-18) mooring schematic. 
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Figure A.II.9. AWI AK3-1 (2015-18) mooring schematic. 
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Figure A.II.10. AWI AK4-1 (2015-18) mooring schematic. 
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Figure A.II.11. AWI AK5-1 (2015-18) mooring schematic. 
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Figure A.II.12. AWI/IARC AK6-1 (2015-18) mooring schematic. 
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Figure A.II.13. AWI AK7-1 (2015-18) mooring schematic. 
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APPENDIX III: Schematics of mooring deployed in 2018 

 
Figure A.III.1. NABOS M1-4c (2018-21) mooring schematic. 
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APPENDIX IV: Schematics of short-term mooring deployed and recovered in 2018 

 
Figure A.IV.1. NABOS M14short (September 2-20, 2018) mooring schematic. 

 


