RV ARAON research activities within US EEZ waters in 2019

1. Research activities

Araon Arctic Cruise (ARA10A & ARA10B) departed Incheon Korea, Alaska on July 21, 2019 and returned to Barrow on August 27, 2019 via Nome. With funding provided by the Ministry of Oceans and Fisheries (MOF) and by Korea Polar Research Institute (KOPRI), the aim of the cruise was to investigate the structure and processes in the water column and subsurface (sediment) around the Bering/Chukchi/Beaufort/East Siberian Seas in rapid transition. The research effort was the conducted research cruise of the Korea-Arctic Ocean Observing System (K-AOOS) Program with support from the MOF and the KOPRI. Total of 43 scientists and other staffs have participated from 9 countries (Korea, China, Croatia, England, France, Germany, India, Russia, USA) representing 21 different organizations from 9 universities, 8 research organizations and 4 companies. Araon data were collected on the physical, biological, chemical, and biogeochemical properties the US EEZ waters (Fig. 1.1).
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[Figure 1.1] A station map of Arctic cruise (station P07, P09, P10 for ARA10A and A01 – A13 for ARA10B). Blue circles are study stations. Work/transit in the US EEZ was performed during 21st July – 10th August 2019.

2. Materials and methods

1) Physical Oceanography 
An intensive oceanographic survey with 16 hydrographic stations was conducted in the Bering Sea during the period of July 21 to July 25 and Chukchi Sea within US EEZ during the period of August 5 to August 8 (GMT), 2019. Along the transect of hydrographic stations, vertical profiles of temperature, salinity, density, dissolved oxygen, fluorescence, transmissivity and PAR, and water samples were obtained from the hydro-casts of a SBE32 carousel water sampler equipped with a SBE9plus CTD profiler, a SBE43 dissolved oxygen sensor, a transmissometer, PAR and fluorometer, and 24 position rosette with 10-liter Nisken bottles. During the CTD upcasting, water samples were collected at several depths for biochemical analyses. For the precise reading, the salinities of collected water samples were further analyzed by an Autosal salinometer (Guildline, 8400B). The measurement was performed when the temperature of water samples was stabilized to a laboratory temperature, usually within 24-48 h after the collection.

2) Microbial abundance 
During the Araon cruise in 2019, bacterial abundances and community structure were measured from A01 to A13 within US EEZ waters. Samples were collected from 3-4 depths (surface to ca. 50 m) with 10 L Niskin bottles mounted on a CTD rosette. For measurements of bacterial abundance (A01 ~ A13), seawater samples (10 ml) were fixed with 0.02 μm filtered formalin (final conc. of 2%), and were stored at -80°C. For measurements of bacterial community (A01, A02, A03, A04, A10, A12, A13), seawater samples (2-3 L) were filtered in duplicate through 0.2μm isopore membrane filter (Millipore) immediately after collection. Mambrane filters were then transferred to a 2 ml crayovial and stored in -80° C.

3) Phytoplankton ecology (community, chla, size chla, pigments, production, biomaker) 
Phytoplankton community composition, photosynthetic pigments and chlorophyll-a data were collected in the US EEZ during the 2019 cruise. A total of 16 stations were visited. Water samples were collected at 4-6 depths (Surface, 10m, 20m, 30m, 50m, and subsurface chlorophyll-a maximum depth) with a rosette sampler equipped with 10 L Niskin-type bottles, an in situ fluorometer, and a high-precision Sea-Bird plus CTD probe.
For the phytoplankton species composition, water samples were collected by CTD rosette sampler at 4-6 depths (Surface, 10m, 20m, 30m, 50m, 100m, and subsurface chlorophyll a maximum depth) in 10 stations in the US EEZ during the cruise. The subsurface chlorophyll maximum layer depths were estimated by CTD profiles. To analysis phytoplankton community composition, water samples were obtained with a CTD/rosette unit in 20 L PVC Niskin bottles during the 'up' casts. Aliquots of 125 mL were preserved with glutaraldehyde (final concentration 1%). Sample volumes of 50 to 100 mL were filtered through Gelman GN-6 Metricel filters (0.45 μm pore size, 25 mm diameter). The filters were mounted on microscopic slides in a water-soluble embedding medium (HPMA, 2-hydroxypropyl methacrylate) on board. The HPMA slides were used for identification and estimation of cell concentration and biovolume. The HPMA-mounting technique has some advantages over the classical Utermöhl sedimentation method. Samples were also collected via phytoplankton net tows (20 μm mesh) and preserved with glutaraldehyde (final concentration 2%); these samples were used only for identification of small species in the phytoplankton assemblage. Since the results from this can be biased towards larger specimens, these data were not used for statistical analysis, but only for morphological and systematic analysis
Subsamples for total chlorophyll-a were filtered onto 47 mm GF/F Whatman filters. Subsamples from the Niskin bottles were filtered through a cascade connection of 20-μm nylon mesh, Nuclepore filter (Whatman International) with pore size of 2 μm, and a Whatman GF/F filter to determine size-fractionated chlorophyll-a concentrations. Thus, micro (>20 μm), nano (2-20 μm), and pico-sized (<2 μm) chlorophyll-a concentrations could be measured directly. Each filter was extracted in 90% acetone for 24 hours at 4 ºC in darkness, and chlorophyll-a concentrations were measured with a fluorometer (model Trilogy, Turner Designs, USA; method: Parson et al., 1984).
For photosynthetic pigments’ analysis, 2 – 4 L seawater samples of surface and SCM layers were filtered onto 47 mm GF/F Whatman filters and stored at −80 °C. The filters were extracted with 3 mL 100 % acetone, ultrasonicated for 30 sec and maintained under 4 °C in dark for 15 hours. Debris was removed by filtering through 0.45 µm Teflon syringe filters. Just before injection, the extracts were diluted with distilled water to avoid the peak distortion of the first eluting pigments. Pigments were assessed by HPLC (Agilent series 1200 chromatographic system, Germany) with C8 column (Agilent XDB-C8, USA) following the method of Zapata et al. (2000).
To estimate carbon and nitrogen uptake of phytoplankton in the US EEZ, water samples were collected by CTD rosette at 6 different light depths (100, 50, 30, 15, 5, 1%) in 2 stations during this cruise (Station A03 and A12). Productivity experiments were executed by incubating phytoplankton in the incubators on the deck for 4 hours with circulating surface seawater after stable isotopes (13C, 15NO3, and 15NH4) as tracers were inoculated into each bottle. After the incubation, all productivity sample waters were filtered on 25mm GF/F filters for laboratory isotope analysis after this cruise. For the background data of the productivity stations, water samples were collected for alkalinity, macro nutrient concentrations (Nitrate, Nitrite, Silicate, Ammonium, and Phosphate), and total and size-fractionated (only for 100, 30, and 1% of light depth) chlorophyll-a concentrations.
In order to understand the distribution characteristics of lipid biomarkers in the US EEZ and to identify the origin of organic matter, samples were collected from 14 stations in Chukchi Sea. Seawater samples were collected from the surface layer to the bottom layer at intervals of about 10 meters. Using a Niskin-type bottles, 20L of samples collected in each depth were filtered on GF/F filter paper. Archives were obtained by filtering 100 L of seawater samples at each station using GF/F filter paper by the collection of under-way water installed at a depth of about 5 meters of R/V ARAON. All filter papers were stored frozen and transported to the laboratory. The transported sample was extracted total lipids using an organic solvent. The total lipid extracts were separated/purified through open chromatography to separate the apolar fraction and the polar fraction. Qualitative/quantitative analysis was performed on the pre-treated sample using a gas chromatography-mass spectrometer.

4) Phytoplankton physiology (Phyotochemistry) 
Various changes in the marine environment are occurring due to climate change in the Arctic Ocean such as warming, a reduction in sea ice, and an increase in freshwater. So, many studies have been conducted on how these changes would affect phytoplankton growth, productivity, and community composition. Prior to identifying phytoplankton growth and productivity, we tried to understand phytoplankton photosynthesis during the retreat of sea ice in summer of the Arctic Ocean and to determine which environmental factors influenced the photosynthesis of phytoplankton. Photophysiological properties of phytoplankton were collected from a total of nine stations in the US EEZ waters. Surface continuous and station measurements were performed on photophysiological properties of phytoplankton using Fluorescence Induction and Relaxation (FIRe) system, which the active fluorometry was applied (Fig. 2.1). Active fluorometry is a non-destructive and rapid method, and it has been used to monitor variations in the photochemistry. These measurements provide an express diagnostic of the effects of environmental factors on photosynthetic processes such as nutrient limitation. Photosystem II (PSII) parameters such as the minimal fluorescence yield (F0; when all reaction centers are open), the maximal fluorescence yield (Fm; all reaction centers are closed), the photochemical efficiency of PSII (Fv/Fm). Fv/Fm was calculated as a ratio of variable fluorescence (Fv= Fm-F0) to the maximum one (Fm). In addition, the functional absorption cross section (σPSII, 10-20 m-2 photons-1) representing the light absorption efficiency of phytoplankton was calculated from the fluorescence curve. Continuous measurements also conducted on underway (using pumped on seawater around 7 m depth beneath the ship) during the Araon transit. For station measurement, samples were kept under in situ temperature in light bottles after collection from Niskin bottles at 5 - 6 depths within 100 m. These samples were measured after 30 – 60 minutes of low light adaptation. The blank signals obtained by filtering the surface and bottom samples with a 0.2 μm syringe filter set were used to calibrate the fluorescence value of all depth samples because the dissolved organic matter in the sample could affect the fluorescence signal of phytoplankton.
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[Figure 2.1] A custom-built Fluorescence Induction and Relaxation (FIRe) system onboard icebreaker R/V Araon.

5) Microzooplankton abundance, composition and grazing rates on phytoplankton
To determine the abundance and composition of protozoa, a CTD-Niskin rosette sampler was used to take water samples from the following 2-3 depths. For protozoa, 500 ml water from the vertical profiles was preserved with 1% acid Lugol’s iodine solution these samples were then stored in darkness. For heterotrophic nanoflagellates and heterotrophic dinoflagellates smaller than 20 µm, 200 ml of water was preserved with glutaraldehyde (0.5% final concentration) and it was made with slide to analyze microscope. Grazing rates of heterotrophic protists on phytoplankton were determined by the dilution method (Landry and Hassett 1982). Water for grazing experiments was collected from 2 depths (surface, SCM) of each station, and gently filtered through a 200-µm mesh. At each station, 30L seawater were collected in a Niskin bottle and transferred to a polycarbonate carboy. Part of this water was filtered through the 0.22-µm filtration system. Dilution series were set up in ten 1.3-l PC bottles. Ten bottles were used to establish a nutrient-enriched dilution series consisting of replicate bottles with 20 and 100% natural seawater. The bottles were incubated on deck for 24-48h at ambient sea surface temperatures and screened to the ambient light level with neutral density screening. Subsamples were collected from replicate bottles at 0 and 24-48h to determine chlorophyll-a concentrations.

6) Mesozooplankton abundance and community 
Mesozooplankton samples were collected with bongo net (60 cm diameter, 330 and 500 μm mesh; Fig. 2.2) at 16 selected stations. The bongo net was towed vertically within the upper 200 m of the water column for about 10 – 15 min. The depth sensor was attached to the net frame and the flow meter was located in the center of net to estimate the volume of seawater. Samples from 330 μm were immediately fixed and preserved with 10% neutralized formaldehyde for the quantitative analysis and samples from 500 μm were used to find the dominant zooplankton species with microscope and frozen at -80 ℃ for the post analysis (e.g. DNA work). The samples preserved with formaldehyde were split with a Folsom splitter into the sub-samples of about 1,000 individuals for taxonomic identification and counting in the laboratory. Each species abundance was quantified by the revolution counts of a flow meter attached to the center of the net mouth. 
Also, we used stable carbon and nitrogen isotopes to investigate whether drastic changes in species composition also cause changes in food web structure and to identify the main trophic pathways and main food sources that support the meso-fauna assemblages in these systems. Especially, we focused the zooplankton organisms, especially copepods, associated with the pelagic food webs. To estimate food wed interactions, the surface waters of survey stations were filtered on GF/F filters (Whatman, 0.7 μm pore, ø = 25 mm) and frozen at –20 °C for the post analysis. And, the zooplankton samples from bongo net were immediately sorted on board and kept frozen (–20 °C). The organisms, which sorted on the microscope (Nikon SMZ 1500), were identified to the lowest taxonomic level (i.e. generally at the species level).
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[Figure 2.2] Zooplankton collector Bongo-net

7) Zooplankton abundance and community 
Bongo net (0.28 m2 mouth area, 330 and 505 μm mesh) was vertically hauled between 200 m and surface at each station (Fig. 2.3). The number of Bong net hauls was 13 and ring net (1.77 m2 mouth area, 500 μm mesh) was 5 in this year. The volume of seawater filtered was estimated from flow meter measurements. Samples from both Bong and ring net were immediately fixed and preserved with 10% neutralized formaldehyde for quantitative analyses. Samples were split with a Folsom plankton splitter. Jelly and small fishes were sorted out in the one ½ subsample and transferred to 15 ml or 50 ml vials and frozen at -80 after took their individual photos. The rest of them was immediately preserved in 95% ethyl alcohol for the post analysis. The other ½ of sample was used to determine 9 major zooplankton groups (Amphipoda, Chaetognatha, Copepoda, Decapod larvae, Euphausia, Jelly fish, Larvarcean, Ostracoda and Pterapoda) and preserved in -80oC deep freezer. Zooplankton abundance was analyzed from subsamples obtained from the 500 μm mesh net. Abundances were expressed in terms of individual numbers per cubic meter (ind, m-3) using volume filtered by the net, obtained from the revolution counts of a flow meter attached to the net.
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[Figure 2.3] Zooplankton collector Bongo-net (left) and Ring net for ichthyoplankton (right) 

Acoustics and net samplings are useful complementary methods to observe spatial and temporal distribution of mid-trophic level in the water column. They make up for their own weak points each other and known as the best way to observe the pelagic marine organisms in the existing observation methods. The echosounder PC and the EK60 workstation (192.168.0.120) are integrated into the ship’s LAN with Seatex Seapath 200 (KONGSBERG) for the ship motion and GPS information. ER60.raw data files were logged to the workstation, which is backed up at the extra hard drives. All raw data were collected to 1000 m. All raw data were saved in a general folder D:/ARA10B_EK60/raw, all echolog data were also saved in the extra hard drives. All files were prefixed with ara10b. 

8) Ocean Optical Observation
In this cruise, we tried to obtain bio-optical relationships to improve ocean color data quality by observing absorptions from phytoplankton, suspended sediment (SS), inherent optical properties (IOPs) of water (e.g. absorptions by colored dissolved organic matters (CDOM)) and apparent optical properties (AOPs) of water (e.g. downwelling irradiances (Ed) and upwelling radiance (Lu)). Our major goal in this study was to collect bio-optical data in conjunction with measurements of CDOM, phytoplankton and SS absorption in support of NASA’s efforts to develop robust empirical and semi-analytic algorithms for ocean color products in high latitude regions. This effort is a part of longer strategic objective of understanding the impacts of changing climate on biological oceanographic processes in the Arctic Ocean using ocean color satellite data.
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[Figure. 2.4] A station map for ocean optical observation

We sampled 34 waters at 12 stations (with 2 or 3 depths of surface, subsurface chlorophyll maximum, and bottom within euphotic depth) and 26 intermediate sites between stations in underway route (Fig. 2.4). To measure inherent optical properties (IOPs) of water, seawater volumes of 1,000 - 2,000 ml were filtered on 25 mm glass-fiber filters. Optical densities of total particulate matters were measured directly on the wet filters by methods of Truper and Yentch (1967) with a double-beam recording spectrophotometer (Cary100, Agilent Technologies) in a spectral range 250 - 800 nm (spectrum resolution of 1 nm). The filter was placed in front of diffusing windows adjacent to an end-on photomultiplier of large surface area. For a reference blank and baseline variations, an unused wetted filter was used, and the instrument was taken as were automatically corrected. After the measurement of optical density of total pigments, the spectral absorption by non-algal material was measured separately with the method of Kishino et al. (1985). 
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[Figure. 2.5] Deploy of hyper-spectrometer (RAMSES TriOS).

For the measuring apparent optical properties (AOPs) of water, we deployed hyper-spectrometer (RAMSES TriOS, Fig. 2.5) with a spectral range of 350 - 800 nm (RAMSES TriOS) of downwelling irradiance (Ed) and upwelling radiance (Lu). For the reference as ambient irradiance variation, downwelling irradiance (Es) was measured on deck in a place without shade. The integrated instruments deployed through the A-frame at the stern of the vessel. The deploying speed was 30 m/min. This data will be able to be used for calibrations and validations of currently operating ocean color remote sensing data.

9) Measurements for nutrients, dissolved and particulate organic carbon and nitrogen, and stable oxygen isotope in the Arctic Ocean 
Seawater sampling for nutrients (PO4, NO2+NO3, NH4, and Si(OH)4), dissolved organic carbon and nitrogen (DOC and DON), particulate organic carbon and nitrogen (POC and PON), and stable oxygen isotope was carried out at 16 stations in the subarctic western North Pacific and Chukchi Sea using a CTD/rosette sampler holding 24-10 L Niskin bottles (SeaBird Electronics, SBE 911 plus) during Korea research ice breaker R/V Araon cruise (ARA10A, July 21‒29, 2019; ARA10B, August 4‒27, 2019).

a. Nutrients
Samples for nutrients were collected from the Niskin bottles into 50 ml conical tubes and immediately stored in a refrigerator at 4°C prior to chemical analyses. All nutrients samples were analyzed onboard within 3 days. Concentrations of nutrients were measured using standard colorimetric methods adapted for use on a 4-channel continuous Auto-Analyzer (QuAAtro, Seal Analytical). The channel configurations and reagents were prepared according to the ‘QuAAtro Applications’. Standard curves were run with each batch of samples using freshly prepared standards that spanned the range of concentrations in the samples. The r2 values of all the standard curves were greater than or equal to 0.99. In addition, reference materials for nutrients in seawater (RMNS) provided by ‘KANSO Technos’ (Lot. No. ‘BV’) were used along with standards at every batch of run in order to ensure accurate and inter-comparable measurements.

b. Dissolved organic carbon and nitrogen
For DOC and DON measurements, seawater samples were drawn from the Niskin bottle by gravity filtration through an inline pre-combusted (at 550°C for 6 hours) Whatman GF/F filter held in an acid-cleaned (0.1 M HCl) polycarbonate 47 mm filter holder (PP-47, ADVANTEC). In each case, the filter holder was attached directly to the Niskin bottle spigot. The filtrate was then collected in an acid-cleaned glass bottle and distributed into two pre-combusted 20 ml glass ampoules with a sterilized serological pipette. Each ampoule was sealed with a torch, quick-frozen, and preserved at ‒24°C until the analysis in our land laboratory. Analyses of DOC and DON were performed by high temperature combustion using a Shimadzu TOC-L analyzer equipped with an inline chemiluminescence nitrogen detector (Shimadzu TNM-L). Milli-Q water (blank) and consensus reference material (CRM, 42‒45 µM C, deep Florida Strait water obtained from University of Miami) were measured every sixth analysis to check the accuracy of the measurements. The precision of the DOC measurements was 2‒3 µM or a CV of 3‒5%.

c. Particulate organic carbon and nitrogen
For determination of POC and PON, seawater samples were drawn from the Niskin bottle into an amber polyethylene bottle. Known volumes (2 L) of seawater were filtered onto pre-combusted Whatman GF/F filters (25 mm) using a filtering system under gentle vacuum at < 0.1 MPa. To prevent data scattering, large zooplankton (e.g., copepods) were removed from the filter samples using tweezers after washing with filtered seawater if they were captured on the filters. These filter samples were stored at ‒80°C until the analysis in our land laboratory. Before POC analyses, the filter samples were freeze-dried, and then exposed to HCl fumes for 24 h in a desiccator to remove inorganic carbon from the samples. Measurements were carried out with a CHN elemental analyzer (vario MACRO cube, Elementar, Germany). Acetanilide was used as a standard. The precision of these measurements was ± 1.0 µmol L‒1.

d) Stable oxygen isotope ratio
For the determination of stable oxygen isotope ratio, seawater samples were collected using the same method as for DOC sampling. For each sample, the filtrate was placed in an acid-cleaned 20 ml glass vial, sealed with Parafilm, and stored at 4°C until analysis. Stable oxygen isotope ratio samples were analyzed by equilibration with carbon dioxide. Measurements were carried out with a stable isotope ratio mass spectrometer (Isoprime, Micromass, Manchester, UK) interfaced with a MultiPrep at Korea Basic Science Institute. The precision, based on repeated measurements of an internal standard, was determined to be <0.1‰.

10) Atmospheric black carbon and chemical properties of aerosols 
Atmospheric black carbon (BC) monitoring and aerosol sampling were conducted on board the Korean icebreaker IBR/V Araon over the subarctic western North Pacific and Chukchi Sea during the cruise (ARA10A, July 21‒29, 2019; ARA10B, August 4‒27, 2019) using a continuous soot monitoring system (COSMOS, Model 3130, KANOMAX) and two high-volume aerosol samplers (HV-100R, Sibata Scientific Technology Ltd.), respectively. A total of 5 aerosol samples were collected during the cruise.

a. Black carbon
Air intake was set at the handrail of the front deck to avoid contamination from the ship’s exhaust (Fig. 2.6). Air sample was continuously pumped into the laboratory through a sampling tubing. We attached a cyclone at the intake to selectively sample PM2.5 aerosols. The flow rate of air samples was kept at 10 L/min in total to maintain the cyclone’s performance. A part of air flow (0.9 L/min) was introduced into the BC monitor. A continuous soot monitoring system (COSMOS, MODEL 3130, KANOMAX) was used for fully automated, high-sensitivity, continuous measurement of light absorption by black carbon (BC) aerosols (Fig. 2.6). The instrument monitors changes in transmittance across an automatically advancing quartz fiber filter tape using an LED at a 565 nm wavelength. To achieve measurements with high sensitivity and a lower detectable light absorption coefficient, COSMOS uses a double-convex lens and optical bundle pipes to maintain high light intensity and signal data are obtained at 1 min. In addition, sampling flow rate and optical unit temperature are actively controlled. The inlet line for COSMOS is heated to 400 degrees C to effectively volatilize non-refractory aerosol components that are internally mixed with BC. 


[Figure 2.6] Inlet and instruments for measuring black carbon in air.

b. Aerosol sampling
During the cruise, two high-volume aerosol samplers (HV-100R, Sibata Scientific Technology Ltd., Tokyo, Japan) were located at the upper deck of the ship and used to collect marine aerosols on pre-combusted (at 550°C for 6 h) quartz filters (25 X 20 cm, QR-100, Sibata Scientific Technology Ltd.) at a sampling flow rate of 1000 L/min (Fig. 2.7). To collect fine (D < 2.5 µm) and coarse modes (2.5 µm < D < 10 µm) aerosols on the filters, particle size selector for PM2.5 and PM10 were installed to each aerosol sampler. Possible contamination from ship exhaust was prevented by using a wind-sector controller during the cruise. The wind-sector controller was set to collect marine aerosol samples only when the relative wind directions were within plus or minus 100° relative to the ship’s bow and the relative wind speeds were over 1 m/s. The sampling time for each sample was approximately 48 hours. During the cruise, a total of 8 samples were collected. After sampling, the filters were stored frozen at ‒24°C before chemical analysis. Until now, chemical analyses for ions, water-soluble organic carbon and nitrogen (WSOC and WSON), total carbon and nitrogen (TC and TN) were not conducted.
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[Figure 2.7] High-volume aerosol samplers and a wind-sector controller system.

11) Air-sea CO2 exchange, net community and DO 
CO2 flux across the sea surface is usually determined by the concentration difference between the dissolved CO2 in the surface mixed layer and the atmospheric CO2 overlying the surface with a parameterized gas transfer velocity k. Dissolved CO2, so called pCO2, was determined using an aqueous and gaseous phase equilibration technique with a small Weiss-type equilibrator. The air above the surface was withdrawn from the intake cup mounted at the foremast at 29 m above sea-level. The CO2 in the air and the equilibrator headspace was analyzed with Li-cor 7000 in which 4.5 um wavelength of photon is selectively absorbed by CO2. The analyzing system was calibrated every 6 hours using a series of calibration gases and one zero air. pCO2 in the seawater was acquired every minute in a computer and atmospheric CO2 every 6 hours. The raw data was corrected for the effect of temperature difference between the in-situ and the equilibrator after coming back to the institute, and gas transfer velocity was determined using parameterization with wind speed which has been logged in DADIS onboard Araon.

12) Water column carbonate system 
Carbonate system in the water column compose of ionic form of carbonate (CO32-), bicarbonate (HCO3-), hydrogen ion (hydronium) and neutral form of carbonic acid and dissolved CO2. These carbonate species exist in equilibrium in seawater depending on alkalinity of the seawater. These species, however, cannot be analyzed directly using analytical instruments except CO2 and hydronium. Thus, to determine the carbonate system in the water column, we measure total dissolved inorganic carbon (DIC) and total alkalinity (TA) by which one can derive ionic and neutral form of carbonate system. DIC and TA are defined as follows:

DIC = [HCO3-] + [CO32-] + [CO2] + [H2CO3]
TA = [HCO3-] + 2[CO32-] +  [anions] –  [cations]

Water samples for DIC and TA measurements were collected on board in 500-mL borosilicate glass bottles, with 200 μL of saturated HgCl2 solution added to prevent biological alterations. DIC concentrations were measured using the VINDTA 3D system (Marianda, Kiel, Germany) coupled to a CO2 coulometric titrator (Model 5011; UIC, Inc., Joliet, IL, USA), and TA concentrations using a potentiometric titration system (AS-ALK2; Apollo SciTech, Newark, DE, USA). Measurement uncertainty was evaluated on a daily basis using certified seawater reference materials provided by the Scripps Institute of Oceanography (University of California, San Diego, CA, USA). The precision of the DIC and TA measurements was within 1.5 and 2 μmol kg−1, respectively.

13) Dissolved nitrous oxide (N2O) in the Arctic Ocean 
For determination of dissolved nitrous oxide (N2O), seawater samples were collected at 13 stations within EEZ of U.S. during the cruise. The samples were collected using 10 L niskin bottles attached to the CTD rosette sampler. Samples were smoothly transferred to 120-ml glass bottles, which had been rinsed twice with samples, and sequentially were overflowed by a full bottle volume. To inhibit the biological activity, 100 μL of a saturated mercury chloride (HgCl2) solution was added to each sample and then samples were sealed with rubber stoppers and aluminum caps to prevent gas exchange. The samples were then stored in a dark room until analysis.

14) Investigation of the microplastic contamination in surface water 
a. Underway water
During the cruise of R/V ARAON in 2019, sampling was carried out to investigate microplastic contamination in underway water at four stations in the US EEZ. The samples were collected from the subsurface seawater about 6 m below the surface for 3-4 hours using the Underway water system installed on the Araon. Water volume collected ranged from 1.62 to 2.22 m3 with depending on the condition of station. The sample volume was reduced by filtering a 20 ㎛mesh size on the same hand net in the field, fixed with 4% formalin, stored in a 1L bottle, and transported to Korea. 

b. Air
During the cruise of R/V ARAON in 2019, sampling was carried out to investigate microplastic contamination in air at eight stations in the US EEZ. Atmospheric samples were collected at a rate of 1200 L/min using a high-volume sampler. The filter paper after atmospheric particle collection was completed was wrapped in foil, stored frozen, and transported to Korea.

15) Nitrogen source determination using nitrogen isotope of amino acids 
Samples were collected out at 34 stations during the Korean research ice breaker R/V ARAON expedition (ARA10B; Aug 3 to Aug 26 in 2019) from the Bering Strait to the Pacific Arctic Ocean. Seawater samples were collected from subsurface chlorophyll maximum (SCM) and 100m depth using a CTD/rosette sampler holding 10 L Niskin bottles (OceanTest Equipment Inc., FL, USA). Approximately 100ml~4L seawater in niskin bottles was filtered through GF/F filter (0.7μm pore size, 25 mm diameter, Whatman) to measure stable isotopic values of carbon and nitrogen in POM. Underway seawater pumped from R/V ARAON is used for nitrogen isotope of amino acid analysis. 30~1560L of underway seawater is filtered to collect >100μm and 20~100μm size class POM. 10~30L of underway seawater is used to collect 2.7~20μm and 0.7~2.7μm size class POM through GF/D (2.7 μm pore size, 25 mm diameter, Whatman) and GF/F filter, respectively.

16) Atmospheric observations 
Atmospheric observations on IBRV Araon include the automatic weather station (AWS)-measured basic surface meteorological parameters (e.g., air temperature, humidity, pressure, wind speed and direction, and shortwave and longwave radiations), radiosonde vertical profile of temperature, humidity, pressure, and wind speed and direction, and Micro-Pulse LIDAR (MPL) measured relative backscatter coefficient. While the AWS and MPL observations were continuous and automatic, the radiosonde observations were manually conducted every 6-hr. 
The instruments on the ship for individual variables include HMP155 (Vaisala, Finland) for surface air temperature and relative humidity, PTB100 (Vaisala) for surface air pressure, Windmill anemometer 05106 (RM Young, USA) for horizontal winds, SN500 (Apogee, USA) for shortwave and longwave radiations, MW41 radiosonde system (Vaisala), and mini-MPL (Droplet Measurement Technology, USA). For the surface meteorological variables, the CR1000 data logger (Campbell Scientific, Inc., USA) scans each sensor every 10-sec and saves the average of scans every 10-min (Figs. 2.8, 2.9).
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[Figure 2.8] Track of IBRV Araon where onboard atmospheric observations were carried out
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[Figure 2.9] Along-track locations of radiosonde balloon launch

3. Scientific achievements

1) Physical Oceanography 
a. Vertical Structures
Vertical structures of potential temperature and salinity at the transection from St. 1 to St. 13 are shown in Figs. 3.1 and 3.2 (other parameters are plotted in Figs. 3.3‒3.5). In the Bering Sea, bottom cold water below 2°C was observed at ARA10A St. 10 due to convection caused by winter time surface cooling. The Pacific Water around the Bering Strait (St. 1) is specified with 3-12 °C and 31.0-32.5 psu. Temperature difference between bottom and surface is nearly 7~8 °C at St. 2. From St. 4 to St. 7, the cold water seems to inflow from the west and prevent the warm water to be extended from the Alaskan coast. From St. 8 to St. 9, relatively warm and fresh water inflows from the west. It appears that the Alaskan Coastal Water (warm and fresh) inflowing along the coast via Bering Strait makes clockwise eddy and then re-flows toward the east (coast). From St. 10 to St. 13, relatively warm water exists on the upper layer (9~11 °C). As sea ice meltwater exists on the high latitude beyond St. 13, surface water represents relatively low temperature and relatively low salinity. From St. 11 to St. 13, Pacific-origin Winter Water is shown at the bottom layer (Fig. 3.2).

[image: C:\Users\Administrator\Desktop\그림2.1.jpg]
[Fig. 3.1] Vertical structures of potential temperature and salinity at the transection from St.1 to St.13.
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[Fig. 3.2] Vertical structures of potential temperature and salinity at the transection from St.4 to St.9.





[image: ]

[image: C:\Users\Administrator\Desktop\그림2.3.jpg]
[Fig. 3.3] Vertical structures of oceanographic parameters (potential temperature, salinity, density, dissolved oxygen, fluorescence, PAR, transmission, and N2) from (upper panel) ARA10A St 07, 09, 10 in the Bering Sea and (lower panel) ARA10B St.1 to St.4.

[image: C:\Users\Administrator\Desktop\그림2.4.jpg]
[Fig. 3.4] Vertical structures of oceanographic parameters (potential temperature, salinity, density, dissolved oxygen, fluorescence, PAR, transmission, and N2) from St.5 to St.8.

[image: C:\Users\Administrator\Desktop\그림2.5.jpg]
[Fig. 3.5] Vertical structures of oceanographic parameters (potential temperature, salinity, density, [dissolved oxygen, fluorescence, PAR, transmission, and N2) from St.9 to St.13.

2) Microbial community 
Bacterial abundance and community structure were determined in the US EEZ waters during August 2019. Bacterial abundances showed a wide range of 0.1-2.2×106 cells ml-1 in the EEZ water, and mostly highest at subsurface chlorophyll-a maximum (SCM) layer. Bacterial community’s data analysis in progress.

3) Phytoplankton ecology (community, chla, size chla, pigments, production, biomarker)
Phytoplankton species composition, photosynthetic pigments, chlorophyll-a concentrations, and primary productions were determined in the US EEZ waters during the 2019 cruise. 
Based on the HPMA method and SEM analysis, the microscope slides were made for identifying species compositions of phytoplankton. In the KOPRI, quantitative and qualitative analysis are being conducted using a fluorescence microscopy and scanning electron microscopy, respectively.
The chlorophyll-a concentration varied from 0.07 to 29.12 µg/L with an average of 3.62 µg /L in this region (Fig. 3.6). The depth-averaged chlorophyll-a concentration was the highest at station A06 and the lowest at station P07. The micro- (>20µm) and nano- (2-20µm) size chlorophyll-a contributions to total chlorophyll-a content were 43.3% and 33.2% on average, respectively, indicating the large contribution of micro- and nano-size phytoplankton to primary production in this region. The subsurface chlorophyll-a maximum layer became developed between surface to 40m depth.

[image: ]
[Figure 3.6] The surface chlorophyll-a concentrations (μg/L) and size-fractionated chlorophyll-a fractions (%) in August 2019.

The detected photosynthetic pigments of phytoplankton were chlorophyll-a, -b, -c2, -c3, fucoxanthin, alloxanthin, 19’-butanoyloxyfucoxanthin, prasinoxanthin, violaxanthin, 19’-hexanoyloxyfucoxanthin, diadinoxanthin, diatoxanthin, zeaxanthin, ββ-carotene, and the degradation products of chlorophyll.
To investigate the spatial distribution of the primary production and new production of phytoplankton, seawater samples were collected in the 6 light depths (100, 50, 30, 15, 5, 1%) at station A03 and A12. Then, the carbon uptake rates and the nitrate uptake rates were measured by using dual stable isotope tracers (13C, 15NO3, and 15NH4).

4) Phytoplankton physiology (Phyotochemistry) 
The spatial distribution of Fv/Fm and σPSII in the mixed layer from the Bering Sea (ST1) to Chukchi shelf (ST9) are shown in Figure 3.7. The average Fv/Fm in the mixed layer was high at 0.55±0.66 in the waters around the Bering Strait (ST2 – ST5) and decreased to 0.46±0.02 from ST6 to ST9 through the Bering Strait. And ST1 showed the lowest Fv/Fm of 0.33. Fv/Fm is a widely used parameter that determines nutrient limitation. Based on the above results, it suggested that surface phytoplankton in the Chukchi Shelf was under nutrient limitation and there was a high possibility that nitrogen limitation, which was known as a limiting factor for phytoplankton growth in the Arctic Ocean. On the other hand, the average σPSII in the mixed layer exhibited opposite spatial distribution of Fv/Fm. In the Bering Strait, σPSII was observed at 455±66 10-20 m-2 photon-1 and was lower than 583±38 10-20 m-2 photon-1 in the Chukchi Shelf. It was necessary to consider the opposite spatial distribution of σPSII and Fv/Fm together. For example, low Fv/Fm along with high σPSII was likely to have increased the function of secondary pigments (chlorophyll-b or c) over major pigments (chlorophyll-a) due to nutrient limitation. Otherwise, the distribution of these photophysiological variables may be due to differences in phytoplankton community composition and size. Large size diatoms were known to have high Fv/Fm and a relatively small range of σPSII. Therefore, the photophysiological properties of phytoplankton reflected information on the photosynthesis state or community composition of phytoplankton according to environmental conditions.

[image: F1_Map_FvFm_MLD_2019]
[Figure 3.7] The spatial distribution of photochemical efficiency (Fv/Fm, left panel) and functional absorption cross section (σPSII, right panel).

The vertical distribution of Fv/Fm, σPSII and F0 was identified from ST1 to ST9 (Figure 3.8). F0 is a parameter that can indirectly determine phytoplankton biomass. The F0 was relatively high in the surface layer of the Bering Strait, and was high values below the surface layer across the Bering Strait. Similar to the spatial distribution of Fv/Fm and σPSII, the vertical distribution of the two variables also tended to be opposite. The average Fv/Fm for all depths near the Bering Strait was 0.54±0.06 10-20 m-2 photon-1 and relatively low at 0.42±0.10 10-20 m-2 photon-1 in the Chukchi Shelf. Especially, the Fv/Fm was very low (< 0.3) at depth where the F0 was high below the surface layer in the Chukchi Shelf. The vertical distribution of the σPSII was 537±54 10-20 m-2 photon-1 in waters across the Bering Strait, higher than 477±83 10-20 m-2 photon-1 in the Bering Strait. Through the spatial and vertical distribution, the photophysiological properties of phytoplankton were clearly different between the Bering Strait and the Chukchi Shelf, indicating the difference in the nutrient supply mechanism or phytoplankton community composition in the two regions. It is very important to understand how marine environmental changes (by climate change) would affect the photosynthetic properties of phytoplankton in predicting the future changes in primary production of the Arctic Ocean.

[image: C:\Users\EunHo Ko\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Section_view.png]
[Figure 3.8] The vertical distribution of minimal florescence (F0), photochemical efficiency (Fv/Fm), and functional absorption cross section (σPSII, 10-20 m-2 photon-1).

5) Microzooplankton abundance, composition and grazing rates on phytoplankton 
Protozoa composed by ciliate and Heterotrophic dinoflagellate (HDF). The abundance of ciliate ranged from 100 to 430 cells l–1, averaging 314 cells l–1. The abundance of HDF ranged from 1,120 to 18,960 cells l–1, averaging 5,780 cells l–1. The abundance of total protozoa ranged from 1,280 to 19,340 cells l–1, averaging 6,090 cells l–1. HDF is a significant component of microzooplankton populations in this study area. High protozoa abundances occurred at the St. A04 (Fig. 3.9).

[image: ]
[Figure 3.9] Abundance of ciliate and Heterotrophic dinoflagellate(HDF) in the EEZ area

Phytoplankton growth rate varied from 0.29 to 1.61 day-1, on average 0.68 day-1. Grazing rate of microzooplankton varied from 0.28 to 0.42 day-1, on average 0.36 day-1.

6) Mesozooplankton abundance and community 
A total 9 species of major zooplankton were identified and estimated their abundance at 13 stations in the Chukchi Sea (Fig. 3.10). The abundance of total zooplankton at each station varied between 302.9 and 4359.4 ind. m-3, and 1895.8 ind. m-3 on average. Copepods were the most abundant taxon at all stations. In the Southern Chukchi Sea, Pseudocalanus spp., Centropages abdominalis, Cirriped larvae, Calanus glacialis, Eucalanus bungii, Metridia pacifica, Oithona similis, and meroplakton (larvae) were the major species. And, most dominant species was Pseudocalanus spp.. The mean abundance of Pseudocalanus spp. was 649.3 ind. m-3 and accounted for 34% of the total abundance (Fig. 3.10). And the mean abundance of Centropages abdominalis was 609.6 ind. m-3 and accounted for 32% of the total abundance. The highest abundance of Centropages abdominalis was 3003.4 (st. 2) and 2387.1 (st. 9) ind. m-3, respectively, (Fig. 3.11). The mesozooplankton samples of the Bering Sea (P07, P09, and P10) are on the analysis. 

[image: ]
[Figure 3.10] Total abundance of the mesozooplankton in the southern Chukchi Sea

[image: ]
[Figure 3.11] Mesozooplankton abundance in the southern Chukchi Sea

7) Zooplankton abundance and community 
A total 9 taxonomic communities of zooplankton were identified and estimated their abundance at 31 stations. The abundance of total zooplankton at each station varied between 11.4 and 1260 ind. m-3 and 160.1 ind. m-3 on average. Copepods were the most abundant taxon at all stations, with abundances of 9.6 - 1206.4 ind. m!" and proportions of 49.8 - 98.3%. The mean abundance of copepods was 144.1 ind. m!" and accounted for 90.0% of the total abundance (Fig. 3.12).

[image: ]
[Figure 3.12] Zooplankton samples collected by Bong net

Morphological identification of ichthyoplankton is basically described by Matarese et al. (1989) and Okiyama (1988). Morphological identification was performed with the reference to morphological traits (body type, full length of anus, and so on) and ecological characteristics (habitat, spawning season, and so on), and molecular analysis was performed when morphological identification was uncertain. As a result of the analysis of the sample in the surveyed area, a total of 7 ichthyoplankton appeared. Pollack was identified in the southern and northern parts of the Bering Strait, below 70o north latitude. Arctic cod was appeared at St. 13 in the Chukchi Shelf above 70o north latitude. Pollack, which lives mainly in the subarctic, and Arctic cod, which is the main habitat in the Arctic Ocean, can be used as important indicator species to identify habitat changes due to climate change in the Arctic Ocean. Thus, it is judged that continuous observational studies on these species are necessary.
Calibration for the echosounders (38, 120, and 200 kHz) was not available during the cruise, and thus the recent calibration variables were applied to each transducer, which was saved in the calibration folder (Table 3.1).

[Table 3.1] EK60 transducer variables.
[image: ]
Acoustic data was collected during the whole survey period when the ship was run along the transect periods between stations, as well as she was stopped at each station for the biological, chemical, and physical observations. Weather conditions were good. The acoustic data will be processed to validate the zooplankton distribution and biomass of predominant species using the Myriax Echoview software to remove the nonbiological signals from surface bubbles, ice fragments, bottom, and false bottom echoes (Fig. 3.13).

[image: ]
[Figure 3.13] Noise remove flow 

The noise-removed acoustic data were reconstructed horizontally and vertically at intervals of 10 pings and 5 m in depth to calculate the mean volume backscattering strength (MVBS dB re 1 m-1). A multi-frequency separation algorithm (dB difference) was applied to extract acoustic signals for the fish and zooplankton, which were distributed in the acoustic scattering layer. First, the fish and zooplankton acoustic signals were separated using the frequency difference of 38 and 200 kHz, and the acoustic signals corresponding to copepods were separated from the separated zooplankton acoustic signals using the frequency difference of 120 and 200 kHz. We expect that the biomass of copepods and the depth of their habitat can be determined by using this results in the future (Fig. 3.14).

[image: ]
[Figure 3.14] The result of extracted acoustic signals from fish and zooplankton 

8) Ocean Optical Observation 
The IOPs Samples collected from U.S. EEZ were analyzed to determine the seawater absorption coefficient. The results from the IOPs will be able to show the optical characteristics in water at each station and at each depth of the water sample (Fig. 3.15)

[image: ][image: ][image: ]
[Figure 3.15] An example of absorption Non-algal particle, Particle, colored dissolved organic matter at the station 1.

During this Arctic cruise, data for calibration/validation of satellite remote sensing ocean color data were collected. The IOPs reflected the bio-optical characteristics in water at the selected depths. The results from the AOPs, i.e. data from RAMSES TriOS, reflect the continuous bio-optical characteristics of water surface and the bio-optical profiles at the operated station (Fig. 3.16). We are going to use these field data for further detailed examination and correction of satellite data.

[image: ]
[Figure 3.16]. Water-leaving radiance at the station 10 and 13.

9) Air-sea CO2 exchange, net community and DO
The Arctic Ocean lies in the center of the current climate change as the summer sea-ice extent shrinks dramatically in recent years. Several modeling studies predict complete disappearance of the sea-ice extent in summer this century. One of the concerns resulting from this rapid change in the Arctic climate is the impact on the marine ecosystem in which carbon is the backbone of the energy flow initiated by solar energy. In addition, the shift of the ice-covered to the complete open ocean may lead to the change in the CO2 flux across the sea-surface due to the imbalance in pCO2 between, which is ultimately driven by the primary production in the surface mixed layer and by the Arctic circulation. To investigate the change in the air-sea CO2 flux and the carbonate system interior of the water column, we have visited for 10 years the Chukchi Sea every summer season since 2010 onboard the Korean ice breaking R/V Araon. The areas surveyed were always undersaturated with respect to the atmospheric CO2 despite large variability of the degree of saturation. We explored the spatial and temporal characteristics of the carbonate system in conjunction with the extent to which physical and biological properties would influence. To identify the driving forces in changing carbonate system interior of the water column, we focused on the impact of sea-ice melting, freshwater input from the continent, enhanced biological uptake driven by primary production, and chemical processes, which allow us to delve carbon flow in these particular areas. Figures 3.17 and 3.18 shows the observation results of pCO2 measurement during 2019 arctic cruise and further analyses are undergoing now.

[image: ]

[Figure 3.17] Spatial distribution of pCO2 during ARA10B cruise

[image: ]
[Figure 3.18] Timeseries of CO2 flux and gas transfer velocity derived from ARA10B cruise observations

10) Water column carbonate system 
a. Surface distribution of dissolved inorganic carbon (DIC) and TA (total alkalinity)
DIC concentrations in the surface waters of the western Arctic Ocean in August 2019 were in the range of 1749.3 ~ 2087.3 µmol kg-1, showing generally lower values in the Siberian Sea, whereas the Chukchi Sea exhibited higher values of over 2000 µmol kg-1 (Fig. 3.19). TA concentration at the surface ranged frpm1919.1 to 2237.9 µeq kg-1, similar to the surface distribution of DIC, which was lower in the Siberian Sea and higher in the continental shelf of the Chukchi Sea (Fig. 3.19). The surface distribution of TA was very similar to the salinity distribution, which indicated that TA concentration was mainly controlled by salinity.

[image: ]
[Figure 3.19] Surface distribution of DIC and TA in the western Arctic Ocean in August 2019

b. Vertical distribution of DIC and TA
Vertical distribution of DIC in the north-south direction in the western Arctic Ocean had the lowest concentration at around 1900 µmol kg-1 at the surface, and gradually increased as the depth increased, reaching the highest value of 2200 µmol kg-1 at 100-200 m water depths, and then decreased with water depth (Fig. 3.20). DIC concentration was generally low on the continental shelf and gradually increased toward the continental slope. TA concentration was lowest at the surface and gradually increased with water depth. Vertical distribution of TA was very similar to that of salinity, which indicated that the vertical distribution of TA was mainly affected by salinity.

[image: ]

[Figure 3.20] Vertical distribution of DIC and TA in the western Arctic Ocean in August 2019

11) Dissolved nitrous oxide (N2O) in the Arctic Ocean 
Figure 3.21 shows dissolved N2O concentration, saturation, and ΔN2O within the study area. The vertical distribution of N2O concentrations showed a trend of increasing concentration with depth. In the surface layer, N2O concentrations ranged from 10.9 nmol/L to 19.0 nmol/L and saturations ranged from 96.6% to 153.2%. In the bottom layer, N2O concentrations ranged from 11.9 nmol/L to 20.8 nmol/L and saturations ranged from 104.6% to 147.4%. The mean N2O concentration and saturation of the surface layer were 13.1 nmol/L and 107.5%, respectively. By contrast, the mean N2O concentration and saturation of the bottom layer were higher than those within surface layer (i.e., 16.3 nmol/L and 115.5%, respectively). In the study area, the highest concentration was observed at the bottom of St. 5 (i.e., 20.8 nmol/L). The surface layer of St. 4 – 6 as well as the bottom layer showed relatively high concentrations. In the surface layer, St. 6 showed the highest concentration (i.e., 19.0 nmol/L). 
ΔN2O is difference between N2O equilibrium concentration, which is calculated by solubility of seawater and atmospheric N2O concentration, and in-situ dissolved N2O concentration. This is an indicator of N2O production. In the surface layer, the ΔN2O values were close to zero except for those of several stations. The surface ΔN2O of St. 6 was relatively high (i.e., 6.58 nmol/L). The bottom ΔN2O values were relatively higher compared to the surface values. The bottom ΔN2O of St. 5 was highest (i.e., 6.69 nmol/L).
[image: figure2]
[Figure 3.21] The distributions of dissolved N2O concentration (a), saturation (b), and ΔN2O (c) within EEZ of U.S. during 2019 Arctic cruise.

12) Investigation of the microplastic contamination in surface water 
[bookmark: _Hlk78644809]a. Underway water
The contamination level of the microplastics remaining in the four underway waters analyzed was 30-104.9 (62.9 ± 32.2) n / m3. Although there was no clear difference between the sea areas, it was confirmed that a relatively high concentration of microplastics remained in the underway water (B) in the Arctic Ocean. The various microplastics remaining in the underway water investigated in this study were observed In the analyzed underway water, microplastics of 16 materials were identified, and they were detected in the order of PP(53%)>PP-PE(23%)>PE(13%), and the major shape of microplastics in underway water is fragments, and it was distributed in the order of fragments (92%)>fibers (7%) (Fig. 3.22).

[image: ]
[Figure 3.22] Distribution of microplastic in underway water (a): abundance, (b): type, (c): shape

b. Air
Confirmation of microplastic contamination in the air is in the process of pretreatment. In the future, we plan to identify the spatial distribution of microplastics by conducting qualitative and quantitative analysis using μ-FTIR.

13) Atmospheric observations 
Figure 3.23 shows time series of air pressure, air temperature, relative humidity, and incoming shortwave radiation with ship’s latitudes during the entire cruise period. After the IBRV Araon crossed the latitude 70°N on August 8, 2019, air temperature dropped below 5°C and the daily maximum incoming shortwave radiation was also reduced within the range of 200~500 W m-2. By contrast, air pressure and relative humidity varied with the changes of weather.

[image: ]
[Figure 3.23] Continuous atmospheric observations onboard IBRV Araon: (Upper-left) air pressure (hPa), (Upper-right) air temperature (°C), (lower-left) relative humidity (%), (lower-right) incoming shortwave radiation\ (W m-2) and ship’s latitude (°N)

A total of 182 radiosonde launches were carried out onboard IBRV Araon from the Bering Sea to the Arctic Ocean (Fig. 3.24). As an example, the upper atmosphere profile observed in the Bering Sea at 00 UTC on July 27, 2019 is shown in Skew T-log P diagram (Fig. 3.24). The vertical changes in temperature and dew point temperature at this time indicate that there were a dry zone from the surface to 800 hPa, and a saturated wet zone (clouds) up to 650 hPa above it. Divergence between the temperature line and the dew point temperature line above 250 hPa indicates the balloon crossed the tropopause, reaching the stratosphere. The westerly winds were dominant in the tropospheric layer with jet streams around 200 hPa. In the middle of the stratosphere, the westerly winds gradually weakened, and the easterly winds were observed in the middle stratosphere (40-50 hPa).

[image: ]
[Figure 3.24] Skew T-log P diagram of the radiosonde observation at 00 UTC, July 27, 2019

The MPL, which vertically emits laser pulses to detect atmospheric clouds/aerosol particles, was also operated continuously. Figure 3.25 shows the observed changes in normalized relative backscatter. On foggy or cloudy days, a strong backscatter signal is detected in the lower layers, while, on a clear day, the backscatter signal is weak.

[image: ]
[Figure 3.25] Normalized relative backscatter by MPL onboard IBRV Araon

4. Publications

We have not yet published papers in scientific journals out of the results from the expedition. However, several papers have been presented in various meetings held in domestic and foreign countries.

5. Data availability Statement
Datasets for this research are available in the KAOS (https://kaos.kopri.re.kr)
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Category Parameters
Frequency [kHz] 38 120 200
Beam type Split
Electric Power [w] 2000 250 150
Beam width [deg] 7.1 6.5 6.5
Transmitted Pulse duration [ms] 1.024 1.024 1.024
Absorption coefficient [dB/km] 9.7 239 38.9
-0.40 -0.37 -0.30

Sa correction [dB]
Transducer gain [dB] 22.06 26.13 23.72
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