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Rate of surface air temperature increase in the Arctic is roughly twice that of the global average, and this phenomenon is referred to
as “Arctic Amplification” (Serreze and Barry, 2011). The Arctic sea ice season (October to September) of 2017–2018 is the second
warmest in Arctic since 1900 (Overland et al., 2018); 2014–2018 are the five warmest years in the Arctic since 1900 (Overland et al.,
2018). Mean temperatures in Finland, Norway, and Svalbard in May 2018 are the highest in the instrumental record since the early
1900s (NOAA, 2018), and the extensive warm spells over Scandinavia led to extensive forest fires (Overland et al., 2018).

Arctic sea ice extent has decreased considerably mostly as a result of atmospheric and ocean warming. Sea ice decline is present in
all months, and is the highest in September with a rate of 12.8% per decade since 1979 (Fetterer et al., 2017). The oldest ice, defined as
ice that is more than 4 years old, is also normally the thickest ice. The percentage of the oldest ice in the March has reduced by 95%
between 1985 and 2018 (Perovich et al., 2018). Thus, compared with 1979–2018 climatology, the Arctic Ocean in the ice season of
2017–2018 was dominated by much younger and thinner ice (Perovich et al., 2018). The oldest and thickest sea ice of the Arctic Ocean
generally remains in the region between the Canadian Arctic Archipelago, Greenland, and the North Pole (Lindsay and Schweiger,
2015). Thus, the unprecedented polynyas that appeared in this region during winter 2017–2018 would promote further reduction of
multi-year ice (Moore et al., 2018).

Artic sea ice reached an annual minimum extent of 4.59×106 km2 on 19 September 2018, which was the sixth lowest since satellite
record began in 1979. Apart from Arctic Amplification, Arctic sea ice loss is driven by many complex radiative (e.g., Lee et al., 2017)
and non-radiative forcings (e.g., Zhang, 2015), as well as internal variability (e.g., Ding et al., 2017; Kapsch et al., 2019). Projections
from the latest generation of general circulation models indicate continued warming in the Arctic at higher rates than at lower
latitudes, which would lead to further Arctic sea ice loss (Overland et al., 2014). With current CO2 emission rates, models project that
Arctic sea ice extent would fall below 1×106 km2 within 20 to 25 years (SIMIP Community, 2020).

Arctic Amplification and sea ice reduction affect the climate, marine environments, and human society. Sea ice loss is a strong
driver for primary production in the Arctic Ocean and its peripheral seas because of increased availability of light for photosynthesis
(Barber et al., 2015). Primary production, involving mainly ice algae and phytoplankton, is the main energy source for the entire
marine food web in the Arctic Ocean. Because of sea ice loss and ocean warming, multiple toxic harmful algal species have appeared
in the Arctic food web at dangerous levels in recent decades (Natsuike et al., 2017). Landfast ice has been acting as a barrier protecting
the coast from the erosive action of waves, and is shrinking in all dimensions throughout the Arctic (Lantuit and Pollard, 2008).
Reduction in the extent and thickness of Arctic sea ice has allowed ships greater access to Arctic waters (Lei et al., 2015). Until now, sea
ice has been the greatest obstacle to the use of Arctic sea routes by restricting the length of the operational season (Rogers et al., 2013).
When warming in the Arctic is at a higher rate than that in lower latitudes, the north-south temperature difference is reduced. As a
result, the jet stream slows down, favoring a more meandering north-south flow, and allowing warm air to penetrate farther north and
cold air to plunge farther south (Francis et al., 2017).

The 9th Chinese National Arctic Research Expedition (CHINARE) took place between 20 July and 26 September 2018, and focused
on change in Arctic sea ice and its response to climate change, as well as influence of sea ice on the environment and ecosystem in the
Arctic region at various scales (Wei et al., 2019). Comprehensive multidisciplinary observations were conducted during the expedition,
covering the fields of physical oceanography, atmospheric science, sea ice geophysics, marine chemistry, marine biology, geology, and
geophysics in the regions of the Bering Sea, Chukchi Sea, Chukchi Plateau, Mendeleev Ridge, and Canada Basin. Measurement and
sampling for oceanographic and sea ice studies were conducted at 88 marine and 10 ice stations. Some autonomous platforms, e.g.,
glider, unmanned ice station, and Ice-Tethered Profiler, were deployed to extend observations of the summer cruise into the winter.
The 9th CHINARE was coordinated with a number of international polar research projects, including Multidisciplinary Drifting
Observatory for the Study of Arctic Climate (MOSAiC) and the Year of Polar Prediction (YOPP). Some of the data acquired in situ
during the 9th CHINARE will be integrated into these international projects. The papers published in this special issue are mainly
based on, but not limited to, data obtained during this research expedition. There are also results of observations and analyses from
previous CHINARE cruises or international research expeditions, as well as analyses of satellite remote sensing products and/or
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numerical models. They contribute towards advancing understanding of the current state or changes in the atmosphere, ocean, sea
ice cover, and marine ecosystem in the Arctic.

Reduction in Arctic sea ice cover during summer reduces sea ice albedo resulting in more radiation being transmitted to the upper
ocean. The ice-albedo feedback plays a key role in sea ice mass balance. Physical properties of snow, sea ice and melt ponds, as well as
albedos of snow-covered ice and refreezing melt ponds were measured at ice stations during the 9th CHINARE. Cao et al. (2020)
explore changes in the physical properties of snow and sea ice, and quantify the impact of the thin film of ice on the surface of
refreezing melt ponds on albedo. Solar radiation absorbed by sea ice can result in interior melting of sea ice (Ehn et al., 2011).
However, detailed information on vertical partitioning of solar radiation through the ice cover is very limited, because most
measurements are made at the surface. A miniature near-infrared spectrometer was used in addition to the existing visible
spectrometer to increase the spectral range of the spectrometry system. The performance of the near-infrared spectrometer was
evaluated by integrating it into a fiber optic-based spectrometry system installed on an unmanned ice station. The system was used to
measure vertical partitioning of solar irradiance through the ice cover during the 9th CHINARE (Nan et al., 2020).

There is high demand for subseasonal sea ice forecasts to support maritime navigation across the Arctic Ocean. Zhao et al. (2020)
propose a bias correction method and apply it to outputs from two climate models to improve 2-month Arctic sea ice forecasts. Model
results suggest that the proposed bias correction method improves forecasts, especially if large biases are present. The unprecedented
polynya events that occurred north of Greenland during the ice season of 2017–2018 are important from the perspective of Arctic sea
ice loss because they occurred in a region that could potentially be the last Arctic sea ice refuge in future summers. Lei et al. (2020)
examine these polynya events in relation to atmospheric and ice conditions throughout the entire ice season. High resolution satellite
images were used to determine spatial distributions of old thick ice, new thin ice, and open water during the polynya events. Sea ice
surface temperature is an important Arctic climate parameter, and can indicate the presence of surface melt on summer sea ice. It can
be considered as an integrator of surface energy fluxes. Ice surface temperature can be mapped at a basin scale using satellite infrared
sensors under clear-sky conditions. An infrared radiometer onboard the R/V Xuelong was used to measure skin temperature during
the CHINARE cruises. Data collected from six cruises are used to assess uncertainties in ice surface temperature products derived
from measurements by satellite-borne thermal-infrared sensors (Li et al., 2020).

To support Arctic navigation with satellite data more effectively, sea ice concentration products derived from data collected by
satellite-borne passive microwave sensors are compared with ship-based visual observations conducted during the CHINARE cruises
(Xiu et al., 2020). A total of 3 667 observations were made in the Arctic during five expeditions. Results reveal that floe size considerably
influences estimates of ice concentration derived from passive microwave data. Most products underestimate sea ice concentration
when small floes dominate. To extract multi-scale information from satellite sea ice concentration products, Zhang et al. (2020)
conduct a successive corrections analysis using variational optimization. Applied to a two-dimensional sea ice concentration
experiment with real observations from the Special Sensor Microwave/Imager product, this method propagates observational signals
satisfactorily and excels in extracting multi-scale information. There is a consensus that interannual variability of sea ice is largely
controlled by changes in atmospheric circulation regimes (Ogi et al., 2016). Using satellite-derived sea ice concentration data from
1979 to 2017, Liang et al. (2020) investigate the two leading principal modes of Arctic sea ice concentration variability in winter and
summer, as well as their responses to atmospheric forcing.

With the rapid increased various applications in the Arctic in recent years, an increasing amount of ocean observation equipment,
such as underwater unmanned vehicle, is being used to study the physical and biological processes of the Arctic Ocean below the ice
cover (Lei et al., 2017). However, because the thick Arctic sea ice cover prevents underwater platforms from communicating with
satellites, data transmission under sea ice makes use of acoustic communication. An improved least mean square/fourth direct
adaptive equalizer has been developed for underwater acoustic communication in the Arctic ice zone. It is able to process complex-
valued baseband signals, and its performance is verified using experimental data from the 9th CHINARE (Tian et al., 2020).

On the basis of the Redfield ratio (Redfield et al., 1963), nutrients can be used to trace the origin and transport of water masses, and
to assess biogeochemical processes in the water column. A large amount of freshwater is stored in the western Arctic Ocean where
nutrient dynamics are strongly influenced by the Beaufort Gyre (Zhuang et al., 2018). Several nutrient tracers are used to characterize
water masses in the Canada Basin to better understand water mass structure and biogeochemical processes in the Arctic Ocean
(Zhuang et al., 2020). The intensified hydrologic cycles throughout the Arctic have led to a decadal increase of discharge from Arctic
rivers, which has further increased the fluxes of dissolved inorganic carbon (Tank et al., 2012) and organic matter (Lobbes et al., 2000)
into the Arctic Ocean. Stable carbon and nitrogen isotopes provide important insights into the source and fate of organic matter in the
ocean, and have been widely used to reveal changes in planktonic production and carbon cycle in the Arctic Ocean. Using seawater
samples collected from the Chukchi and East Siberian seas and a three-endmember mixing model of C/N ratio and δ13C value, Jia et
al. (2020) quantify the relative contribution of particulate organic matter from different sources. The principle of electrolytic
concentration of tritium is to use the isotope fractionation of hydrogen isotopes in the gas and liquid phases. To achieve the target
concentration, H2 and O2 are produced from direct catalytic electrolysis using a special solid polymer electrolyte (Nafion membrane).
Lin et al. (2020) develop a method for the measurement of low-activity tritium in seawater, which can be used to determine tritium
activity in the Arctic Ocean and provide accurate signals for quantifying water mass composition.

In the Arctic Ocean, net primary production has increased by approximately 30% over the past two decades (Ribeiro et al., 2017)
largely because of sea ice retreat. To date, there has been little focus on studying the relationships between variations in summer sea
surface temperature, sea ice extent and primary productivity in the Labrador Sea during the last millennium. To place changes in a
long-term context and to better constrain future scenarios for this region, it is necessary to reconstruct these key parameters to
determine their relationships on multi-decadal to millennial scales. To reconstruct marine productivity and climatic changes during
the last millennium, Sha et al. (2020) analyze the biogenic silica content in sediment core GC4 from the Holsteinsborg Dyb, West
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Greenland, and reconstruct summer sea surface temperature using a diatom-based transfer function. Since the Mid-Pleistocene
Transition, Arctic ice sheets have been sensitive to global climatic changes with an eccentricity period of 100 ka (Condron and Winsor,
2012). Clay minerals deposited at the southern Mendeleev Ridge in the Arctic Ocean have a unique provenance, which can be used to
reconstruct changes in the local sedimentary environment. Ye et al. (2020) reveal that high-frequency changes in clay minerals since
the penultimate interglacial are recorded in sediments in core ARC7-E23 onbtained from the 9th CHINARE. Ice-rafted debris, clay
minerals, and their grain sizes indicate the extent of the East Siberian ice sheet.

The main study area of CHINARE is the Pacific sector of Arctic Ocean. Since 1999, Chinese expeditions have been conducting
investigation in this region; large amounts of valuable data and samples have been collected over the last two decades. With the
launch and operation of the R/V Xuelong 2, an icebreaker of Polar Class 3, the CHINARE will explore the Arctic Ocean over larger
spatial and temporal scales. Multidisciplinary investigations can be conducted in the multi-year ice zone. Study period will be
extended and will begin in spring, when primary productivity peaks because of spring blooms, and end in autumn, when sea ice grows
rapidly. Development of advanced autonomous observation equipment for ocean and sea ice observations will also further diversify
the platform of CHINARE and effectively improve efficiency of in situ observations. This special issue systematically summarizes
some, but not all, of the research results from the 9th CHINARE. Further analyses of data and samples, combined with numerical
simulation experiments, and historical and other data from international partners will result in more in-depth syntheses.
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