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Abstract The Antarctic and Arctic are sensitive to global climate change; therefore, they are key regions of global climate
change research. This paper, the progress in scientific investigations and research regarding the atmosphere in the polar regions
over the last 30 years by Chinese scientists is summarized. Primary understanding of the relationship between the polar regions
and global change, especially, the variations in time and space in the Antarctic and Arctic regions with respect to climate change
is indicated. Operational weather forecasts for investigation of the polar regions have also been established. Moreover, changes
in sea ice and their impact on the atmosphere of polar regions have been diagnosed and simulated. Parameterization of the
atmospheric boundary layer of different underlying layers and changes in the atmospheric ozone in the polar region has also
been experimented. Overall, there has been great progress in studies of the possible impact of changes in the atmospheric
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environment of polar regions on circulation in East Asia and the climate of China.
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0 Introduction

The polar regions are critical to investigation of global
climate change in multiple international scientific fields,
because they play an important role in global change,
especially with respect to global and regional climate. The
polar regions are composed of the Antarctic and Arctic
regions. The Antarctic region is located south of 60°S and
includes the continent of Antarctica, island of Sub-
Antarctica, and the Southern Ocean surrounding the
Antarctic continent. The Arctic research plan (WCRP) and
international geosphere and biosphere plan (IGBP) ). In
addition, reports by the Inter-government Panel On Climate
Change (IPCC) have region usually refers to the region
north of the arctic circle (66°33’ N), including research into
the global atmosphere research plan (GARP), paid a great
deal of attention to polar regions .. In the earth climate
system, the atmosphere, ocean sphere, cryosphere,
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geosphere and biosphere are uniformly integrated with
interrelated effects. Accordingly, to understand global
change, the polar regions must be studied 1°!.

The development of scientific studies of the polar regions
has been closely related to international cooperative
observations and research in the Antarctic and Arctic
regions. Over the last 100 years, the international polar
region year (IPY) has been successively executed four
times (1882—1883, 1932—1933, 1957—1958 and
2007—2008). Especially the third international polar region
year (1957—1958), which was extended to international
geophysics year (IGY), symbolized the start of modern
scientific investigation of the polar region, and promoted
the founding of international organizations such as the
Scientific Committee on Antarctic Research, and the
drafting of the Antarctic Treaty, under the byword “peaceful
utilization of the Antarctica. In the last 50 years, global
meteorology has realized great progress with respect to the
climate of polar regions. Specifically, the region has been
found to have rapidly changing snow, ice and atmospheric
environmental characteristics. The relationship between the
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polar regions and anthropogenic activities has been
identified. Moreover, proxy data regarding the snow and ice
climate of the polar regions has been generated, and the
impact of the atmospheric environment of the Antarctic and
Arctic regions on global change have been discussed .

In the last 30 years, field scientific investigations and
research into the polar regions by China have realized fairly
great progress 2. In 1984, China first investigated the
Antarctic, and in 1985 the Antarctic Great Wall station was
established. Between 1984 and 2010, China conducted 27
investigations of the Antarctic, four investigations of the
Arctic Ocean and seven investigations of land in the Arctic.
In addition, four scientific investigation stations and five
cooperative automatic meteorological stations (Sino-
Australia and Sino-America) were constructed, prelimina-
rily forming the hardware supporting system of polar region
scientific research with manned investigation stations,
unmanned automatic meteorological stations, and Snow
Dragon Expedition Ship. Over 300 members of the Chinese
Academy of Meteorological Sciences, National Research
Center for Marine Environment Forecasts, and Institute of
Atmospheric Physics of Chinese Academy of Sciences
participated in these investigations.

The meteorology of the polar regions is the primary part
of scientific investigations of the polar regions to global
change research. Executing scientific investigations of polar
region meteorology has deep political implications, as
well as important scientific significance to the fields of
meteo-rology, glaciology, oceanography, geology, biology,
geophysics and environment science, as well as the
potential for economic and social benefits.

1 Polar meteorology investigations

Field investigations of the Antarctic and Arctic are the
foundation of scientific development of meteorology of
polar region, and there has been fairly great progress in
China’s scientific investigation of the meteorology of the
Antarctic and Arctic over the last 30 years. The fundamental
meteorological data generated by China’s scientific inves-
tigations of meteorology of the Antarctic have been
incorporated into the Chinese meteorology science data
share service net (http://cdc.cma.gov.cn/index.jsp) main-
tained by the national meteorology information center of
the earth system scientific data share network-data center
of the Antarctic and Arctic of China (http://polar.
geodata.cn:8060/Portal/index.jsp), as well as the earth
science data system (WCD-D) meteorology discipline and
the share database ' as an atmospheric science database
(http://www.cams.cma.gov.cn/cams_kxsy/qgky kxsy index.

htm) of the Chinese Academy of Meteorological Sciences
website.
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1.1 Antarctic meteorology investigation

Systematic scientific field investigations of the Antarctic by
China were started in the 1980s. Since 1980, the Chinese
Committee on Antarctic Research (now the Chinese Arctic
and Antarctic Administration), which is the jurisdictional
unit of Antarctic investigation, successively sent personnel
to participate in scientific investigations of the Antarctic at
stations maintained by foreign countries, which resulted in
the accumulation of experience for use in the construction
of independent stations by China. In 1980, Mr. Dong
Zhaoqian (oceangrapher) and Mr. Zhang Qingsong
(geographer) were the first Chinese scientists involved in
Antarctic investigations. In 1981, Mr. Bian Lingen (Chinese
Academy of Meteorological Sciences) participated in the
winter investigation of the Antarctic Mawson Station of
Australia, and became the first Chinese meteorologist to
conduct an investigation in the Antarctic. Mr. Qin Dahe
participated in the international Trans-Antarctic Expedition,
and reached the Antarctic point on Dec. 12, 1989, making
him the first Chinese scientist to cross the Antarctic by
Foot "), In 1984, the national Antarctic investigation com-
mission organized the first Antarctic investigation of China,
and in Feb. 1985 the first Chinese overseas meteorological
station (Great Wall Meteorological Station of Antarctica),
was constructed. In Feb. 1989, Zhongshan Observation
Station was constructed on the eastern portion of Antarctica.
In 2005, an inland ice cap investigation team (the 21st
Antarctic investigation team) reached the highest point of
the dome of Antarctica (Dome A).

From 2002 to 2008, China set up five Sino-Australian
and Sino-American automatic meteorological stations
(LGB-69, Dome-A, Eagle, PANDA-N and PANDA-S) from
Zhongshan Station to the highest ice cap of Antarctica. In
2007—2008 IPY, China executed the Antarctic PANADA
plan (Prydz Bay, Amery Ice Shelf and Dome A Obser-
vatories). As part of the plan, the first business monitoring
station of atmospheric constituents of the continent of
Antarctica was established. In addition, ozone profile
sounding and GPS low altitude detection (18 000 m) were
conducted. Furthermore, in the circumference of Zhongshan
Station, an ultrasonic wind temperature meter, gradient heat
balance observation station, and radiation balance obser-
vation system were used to monitor the ice cap and derive
detailed data regarding the interaction between the ice/gas
phases of the near ground layer of the ice cap of
Antarctica!").

In Jan. 2009, China established the Antarctic Kunlun
Station approximately 7.3 km southwest of the highest
point (Dome A) on the ice cap of Antarctica. At present, this
station is only available for summer work. However, after
5—10 years this station will be ready for use as a manned
over-wintering station.
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Since 1984, the general ocean climate observation and
forecast service” '* has been conducted by various ships. In
recent years, atmospheric environmental monitoring of CO,
exchange of sea-air, ultraviolet radiation (UVB) and ground
ozone, black carbon aerosols and CO concentrations have
also been conducted at different latitudes using a high
pressure gas collection steel cylinder to collect the air
samples!').

1.2 Arctic meteorological investigation

In 1991, Gao Dengyi participated in an Arctic investigation
together with scientists from Norway, the USSR and
Iceland. In 1994, the Chinese Academy of Sciences cooper-
ated with the USA to conduct a scientific inves- tigation of
Alaska, and in 1995 the China Association of Sciences and
Technologies organized a walking expedition of the Arctic
and reached the north pole. In 1997, the Institute of
Atmospheric Physics of the Chinese Academy of Sciences,
and the Chinese Academy of Meteorological Sciences
cooperated with Norway to conduct test research regarding
atmospheric boundary layer structure and turbulent flux
transmission on the sea ice of the Arctic !,

China organized four Arctic Ocean scientific
investigations (Jul.—Oct., 1999; Jul.—Sep., 2003; Jul.
—Sep., 2008, Jul—Sep., 2010) in the Bering Sea and
Arctic Ocean, in which an expedition ship, helicopter and
floating ice station were used as observations stations to
conduct multidiscipline integrated observation of ocean-sea
ice-atmosphere-biology. In addition to observations of
ocean meteorology, ground ozone, UV-B and ozone
sounding, these investigations also included near ground
layer atmospheric physics (gradient and ultrasonic),
boundary layer atmospheric layer structure (TMT soft
meteorological tower), high altitude atmospheric detection
(GPS sounding and ozone sounding), collection of polar
region atmospheric chemistry, sea water micro element
evaluation, atmospheric aerosol evaluation and low
layer atmospheric greenhouse gas evaluation. These
investigations reached 78°N, 80°N, 85°N [16-18] and 88°N,
respectively.

From 2001 to 2003, the scientific expedition to Chinese
Arctic Yellow Station, in the Longyearbin region of
Svalbard archipelago, integrated investigation of related
disciplines of atmosphere, glacier, geology and flora, etc.,
were carried out !''"'* These investigations promoted the
execution of scientific investigation research in the Arctic
and the construction of Chinese research stations in the
region.

In Jul. 2004, China established the first Arctic land
scientific investigation station, the Chinese Arctic Yellow
River Station, in the Ny-Alesund of the Svalbard archi-
pelago, to conduct investigations regarding high altitude
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atmospheric physics, ocean biology, meteorology, GPS
tracking and observation, and ice and snow. Since its
establishment, investigations have been conducted each
year.

2 Polar meteorological studies

China’s Antarctic Great Wall Meteorological Station and
Zhongshan Observation Station were built in 1985 and 1989,
respectively, which created conditions enabling execution
of field meteorological investigations and research in
Antarctica. After establishment of the Antarctic Zhongshan
Station, the key point of Antarctic investigations and
research by China shifted toward execution of scientific
research in the polar regions. Additionally, based on the
principle of global change, the Chinese Committee on
Antarctic Research (now the Chinese Arctic and Antarctic
Administration) organized related units to jointly
investigate key problems for the following national
scientific research project, of which China’s meteorological
science research of polar region was the integrated part and
in the rapid development ™ "% Prior to 1999, China had
not conducted national Arctic field scientific research, and
all related Arctic research was organized by each unit via a
decentralized mode ""'""*!. China organized the Arctic Ocean
scientific research project, which executed a multi-
disciplinary study of the mutual effects of the ocean
environment and sea air of the Arctic in 1999.Then in 2003,
2008 and 2010, three Arctic Ocean scientific investigations
were conducted, while the Arctic Yellow River Scientific
Research Station was constructed in 2004. Together, these
projects created conditions enabling further understanding
of the Arctic region M%7 '],

In the last 20 years, the natural science fund commission
of China has supported over 300 projects related to the
polar regions, including over 130 projects related to
atmospheric science, and over 70 and 60 projects related to
atmospheric science research in the Antarctic and Arctic
regions, respectively. Of these, more than 10 projects
related to atmospheric science research in the polar regions
received at least [©®,

3 Main progress in polar meteorological
science research

Scientific investigation and research regarding the
meteorology in the polar regions is the scientific field in
which China has shown the greatest advances in the last 30
years. Through this research, a primary understanding of the
relationship between the polar regions and global climate
change was derived 7.,
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3.1 The temporal and spatial characteristics of polar
climate change

The actual measurement data was mainly collected to
investigate the climate and circulation characteristics of the
polar regions, especially the climate characteristics of the
Antarctic Great Wall Station and Zhongshan Station, and
the section from Zhongshan Station to Dome A of the ice
cap of Antarctica. Besides, the Yellow River Station and
areas in the circumference, and the meteorological factors
characteristics of the floating ice area of Arctic Ocean, and
the time space variety of polar region climate change ***"
were researched.

Climate change in polar regions is diversified by time and
space, and the changes in climate with respect to
temperature and sea ice are not consistent ** %!, In the last
50 years, the changes in temperature in Antarctica and its
neighboring regions have not been consistent with changes
in global temperatures. China’s Great Wall Station and
Zhongshan Station are located in west and east Antarctica,
respectively. In the last 20 years, the temperature at the
Great Wall Station rose, while no change in temperature
was observed at Zhongshan Station ™). The warming pheno-
menon of Antarctica primarily emerges in the peninsula
region, while in the main body of the continent of Antarc-
tica the warming phenomenon has not been apparent, and a
decreasing temperature has been observed over the last 10
years 2 ** 3 In recent years, the western portion of
Antarctica has frequently undergone ice shelf thawing and
collapse, while this has not occurred in the east portion of
Antarctica.

The climate system of Antarctica and the Arctic is very
complicated, and it is difficult to demonstrate that some
changes are simply caused by anthropogenic activities.
Moreover, there is currently no sufficient reference to
demonstrate that the changes in temperature that have
occurred in Antarctica and its neighboring regions over the
last 50 years have been caused by the greenhouse effect.
Indeed, these changes may have been caused by internal
variations in the climate system 2°2% %,

3.2 Research regarding polar weather forecasting and
polar disaster climate

The natural conditions in the polar regions are severe, and
the climate conditions are variable. From the Chinese first
cruise to the Antarctica(1984), the Chinese polar ships and
Chinese Antarctic and Arctic stations of China are all set up
by business weather and ocean meteorological forecast
system "> *! serving for investigation of polar region, and
this provided the meteorological guarantee for compiling
and executing investigation plan.

The research that has been conducted to date has also
included evaluations of gale weather, circulation type, and
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forecast key points of various gale climate type of the
region of the Great Wall Station and Zhongshan Station
with fairly great impact on the polar region; the activities of
sea fog, cyclones, cold air activity, snow storm disaster
climates and methods of forecasting weather in the
Antarctic and Arctic "> *"*). In the Prydz Bay area of the
Antarctic, there are great changes in sea ice with seasons,
which results in a circumpolar current and eastward wind.
Accordingly, at the northeast part of Prydz Bay an ice dam
usually forms, resulting in the shore by Zhongshan Station
generally containing a large amount of ice. Indeed, only
when the westward wind emerges, the sea ice drifts away
from the station. Zhongshan Station basically suffers
eastward wind in the whole year with minor opportunity of
westward wind, When the expedition ship reached the
circumference of Zhongshan Station; the near ground wind
situation had great impact to investigation activity''> **.

3.3 Diagnosis and simulation of polar sea ice change

The sea ice of the polar regions is the underlying surface
that undergoes the largest seasonal change and attracts the
most attention from atmospheric scientists. Accordingly, the
diagnosis and simulation of changes in the sea ice is the main
topic of scientific research in the polar regions ®**Y. Similar
to temperature, changes in the sea ice of polar regions also
has obvious effects on regional characteristics ** "% In
the last 30 years, seasonal changes in the sea ice of
Antarctic have been asymmetrical and the thawing speed of
sea ice has been much greater than the condensing speed,
while the seasonal changes in sea ice in the Arctic have
basically been symmetrical. As a result, the sea ice of the
Antarctic appears to be increasing, while the interannual
variation in the sea ice of the Arctic is decreasing. On the
west side of the Antarctic peninsula, the periphery of the
Bellinsgauzen Sea and Ross Sea are key regions
characterized by high board characteristics that are closely
related to ENSO, and the defined Antarctic sea ice
oscillation indicator (ASOI) is closely related to changes in
the SOI and Nino3 indicator, and thus can be used as a key
indicator of variations in Antarctic sea ice "% 6% The
oscillation indicator of sea ice in the Antarctic can be used
to investigate the sea ice situation and activity of key areas
of sea ice in the region. The establishment of a sea ice
oscillation indicator for the Antarctic provides new
possibilities for further recognizing the impact of changes in
sea ice on the atmosphere and climate of China, as well as
short term climate forecasts for China **%,

To investigate the sea ice in polar regions and its effects
on the ocean, an ice-ocean coupling model has been
established for the Bohai Sea and Baltic Sea °**). The sea
ice thermodynamics model has been shown to simulate
changes in the sea ice of polar regions in the vertical direction
fairly well °7,
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3.4 Physics of polar boundary layer and interaction
between sea ice and air

The polar region is an important unit of the global climate
system, including the effects of several circle layers of
atmosphere, ocean, land, ice snow and biology, etc., and
many processes emerge in the boundary layer of
atmosphere. Studies have employed field investigation data
to investigate the near ground surface radiation and heat
balance characteristics of different underlying layers of the
polar region, boundary layer structure characteristics of the
atmosphere, physics of the boundary layer of the polar
region, and mutual effects of the sea ice and gas phase, and
provided important physical parameters describing the
boundary layer for the climate model] [©> 6876% 78 82.87. 911 © o
primary simulation test was also conducted for the
boundary layer of the atmosphere of the polar regions *,
and a multi-scale theory based on turbulent flow has been
developed to explain the heat antigradient transmission
phenomenon observed at the Zhongshan Station '/,

The results of NCEP/NCAR and EC near ground data
and the availability of the Arctic tundra and sea ice region
are recognized. Generally speaking, reanalysis data
can reflect changes in many factors; however, since
consideration of the underlying surface situation and the
characteristics of the boundary layer are not perfect in the
tundra of the Arctic and the sea ice region, the simulated
value of each component of radiation and heat quantity
balance of the reanalysis data differs greatly from the actual
measured value. Accordingly, during the operation, the
measured values should be used whenever possible™” *. To
investigate the interaction of sea-ice-air of the polar regions,
the measured data was used to calculate the turbulent flux
by the method of aerodynamics, and general universal
function methods. The results are compared to obtain the
new turbulent parameters™™).

3.5 Polar atmospheric impact on the circulation of
East Asia and climate of China

The changes in the atmospheric environment of the polar
regions, especially in the temperature and ice/snow,
circulation and oscillations in the polar region influence
circulation in East Asia and the climate of China *''%),

The change in temperature, snow and ice and circulation
in the Arctic as well as their impact on the global and
Chinese climate are of great concern to meteorologists in
China. The oscillations of the north Atlantic and the Arctic
can impact the climate of East Asia ') In addition,
changes in the sea ice of Barents Sea in the winter and the
Kaka Sea in the winter are closely related to inter-annual
and interdecadal changes in the climate of China, as well as
changes in the winter monsoon and ESON event of East
Asia 1271%] The subtropic high pressure of the northern
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hemisphere is related to the sea ice in the Arctic U\

Moreover, the sea ice in spring is related to precipitation
associated with the summer monsoon in East Asia !'*,

The summer oscillation of temperature and sea ice in
the Antarctic are related to the summer circulation of the
northern hemisphere, summer precipitation and temperature
of China " '3 The Antarctic sea ice is also related to the
polar vortex indicator, sea temperature of the equator,
subtropic high pressure of the western Pacific Ocean, and
typhoon activity . The Antarctic atmospheric environ-
ment and Antarctic oscillation are closely related to ENSO,
typhoon and subtropic high pressure in the western Pacific
Ocean, and summer precipitation in China 2! %% 105 114,

Fluid physical turntable simulation has shown that the
formation of atmospheric circulation and climate
characteristics in the circumference of Antarctica are the
result of the joint effects of topography and coldest
environment of Antarctica *®. The simulated results have
shown that the atmospheric characteristics, sea temperature
and the Antarctic sea ice is the characteristic of the
latitudinal direction circulation of the equator first, and then
a series of vortex street being activated at the north west
Pacific from south to north, impacting the climate of China,
and this may be the mechanism by which the temperature
and ice of the Antarctic region impact atmospheric
circulation > 71901,

The polar region also impacts the regional climate of
China - 13- 1111 Specifically, sea ice and oscillations in the
polar region influence the atmospheric circulation of East
Asia, which can alter China’s climate. The strong signal for
climate forecast can be presented in the process.

3.6 Observation research of atmospheric chemistry in
the polar regions

Atmospheric chemistry is an interdisciplinary science
developed in modern times, and is one of the main methods
used to investigate the atmospheric environment and
atmospheric pollution. Over the last 30 years, China has
made progress in investigation of the atmospheric chemistry
of the polar regions, especially with respect to the
atmospheric ozone of the Antarctic ['2*"37),

China’s field investigations and research into the
atmospheric ozone of Antarctica began in the 1980s, when
Chinese scholars participated in an Antarctic investigation
conducted at a foreign station. The data from radio
sounding in Antarctic was used to discuss the relationship
between the sudden temperature increase and ozone
changes in the stratosphere during spring "**'?%. From
1988 to 1989, a solar spectrograph made by the geophysics
department of Beijing University was used to observe the
total quantity of the ozone of the atmosphere, and the daily
changes in the quantity of ozone were discussed!?"). In
1993, at Zhongshan Station on the eastern portion of
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Antarctica, a Brewer ozone spectrograph was used to
observe the quantity of ozone of the atmosphere, and
related research was conducted !'**'%7],

The generation of the ozone hole over Antarctica is
closely related to the emission of pollutants into the
atmosphere by humans, especially compounds such as
Freon that contain chlorine and bromine. Under the low
temperature condition of stratosphere, ozone loss is closely
related to photochemical reaction of the surface of ice cloud
(PSC) of the aerosol "**!. In the atmosphere, the existence of
the substances that damage the ozone layer result in the
formation of an ozone hole over the Antarctic in spring;
however, the low temperature of the polar vortex of the
stratosphere over Antarctica is also necessary for formation
of the ozone hole "> '/ which explains why it only
emerges in the sky over Antarctica during spring 7.
During autumn, the relatively low level of ozone over
Antarctica is primarily related to the reduced amount of
sunlight, and its generation mechanism is different from
that of the ozone hole that forms during spring ["**.

In addition to the total quantity of atmospheric ozone,
during the polar region investigation of the Xuelong vessel
the surface ozone observation data for the 75°N—70°S
polar region navigational line were derived, and the
distribution characteristics of the ozone concentration on
the ground along the navigating line was investigated !'**.
The distribution of the source of CO, and the sea-gas flux
of the sea ice in the polar region showed that the sea ice
area of the Southern Ocean between 80°E and 60°W is
always the clean gathering area of CO, from the atmosphere,
and that the high productivity of sea ice areca of the
Southern Ocean in summer has apparent impact to carbon
flux of Southern Ocean ™. In the investigation area of the
Arctic Ocean, except for a weak source area of CO, from
the atmosphere in east part of the ocean during summer,
most sea areas are sink of atmospheric CO,. During summer,
the Arctic Ocean has a relatively active carbon cycle
process that involves a biological pump with fairly high
operation efficiency. Over the Chukchi Shelf it is also an
organic carbon sinking area with high efficiency [**. The
investigations of the aerosols concentrations and the sulfate,
phosphate and nitride in the aerosols have been conducted
7 1n addition, the research of ancient climate environment
and atmospheric physics of the polar regions - ' ' 24,
have been advanced in the fields of high altitude ice caps
and ice free area.

4 Summary

The scientific investigation of the meteorology in the polar
regions has made great progress over the 30 years, from
above the brief. Primary understanding of the relationship
between polar regions and global climate change has
resulted. The important progress are shown on the temporal
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and spatial variations in climate change of the
Antarctic/Arctic region, and establishment of a operational
weather forecast system for polar regions, characterized the
boundary layer in different underlying layers of the polar
region, and the variations in the quantity of the atmosphere
ozone at Zhongshan Station, and the simulated the sea ice
change. Specifically, study on the atmospheric environment
of polar regions impacted on the circulation of East Asia
and climate of China is very meaningful for future
prediction of climate change.

The 2007/2008 IPY provided a very good opportunity
and challenge for China to push forward its large scale earth
science investigation and research.

Acknowledgments This work was supported by the National Natural
Science Foundation of China (Grant no. 41076132), the National Science
and Technology Infrastructure Program of the Ministry of Science and
Technology of China (Grant no. 2006BAB18B05) and China's Action Plan
for the International Polar Year (IPY).

References

1 GARP. The physical basis of climate and climate modeling. GARP
Publication Series, 1975, No: 16. WMO/ICSU

2 IGBP. Towards global sustainability. IGBP Sci Ser, 2001, 4:27-29

3 SCAR. Antarctic Climate Change and Environment. Published by the
Scientific Committee on Antarctic Research Scott Polar Research
Institute, Cambridge, UK, 2009

4 IPCC. Climate Change 2007, The Physical Scientific Basis. Working
Group I Contribution to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change, Cambridge, UK:
Cambridge University Press, 2007: 1009

5 Lu L H, Bian L G Cheng Y J. Chinese Antarctic meteorological
expedition and research on global change(in Chinese with English
abstract). Earth Sci Front, 2002, 9(2): 255-262

6 Lu L H, Bian L G. Polar Regions play on the earth system. See: Sun J
L and Lin h (Chief Editors). Research on the Earth system and
Scientific Data(in Chinese). Beijing: Science Press, 2009: 414-433.

7 Wu H, Qian Z H(Chief Editors). China's Antarctic Research
Undertakings in Modern Times(in Chinese with English catalog).
Beijing, China Today Press, 1994: 1-548.

8 LuLH, Bian L G Xiao C D, et al. Recent two decades progresses in
study on atmospheric sciences of the polar regions(in Chinese with
English abstract ). Acta Meteorol Sinica, 2004, 62(5): 672—691

9 LuLH,Bian LG, Lu CG, et al . Progress on operational meteorology
in Chinese Antarctic Expedition for recent two decades(in Chinese
with English abstract). Meteorol Month, 2005, 31(1): 3-8

10 Qin D H, Xiao C D, Ding Y J, et al. Progress on Cryospheric Studies
by International and Chinese Communities and Perspectives (in
Chinese with English abstract). J Appl Meteor Sci, 2006, 17(6):
649-656

11 Lu L H, Bian L G Xiao C D, et al. A Study on polar atmospheric
sciences and global change(in Chinese with English abstract). J Appl
Meteor Sci, 2006, 17(6): 743-755

12 Wei W L, Edited. Marine Meteorological Research by the Vessel track
of Chinese Polar Expedition(in Chinese). Beijing: Ocean Press, 2008:
1-234

13 Gao DY, Zou H, Zhou L B, et al. Expedition research and prospect on
atmospheric sciences in the polar regions(in Chinese with English
abstract). Chin J Atmos Sci, 2008, 32(4): 882-892

14 Lu L H, Bian L G Polar atmospheric sciences expedition and research



15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

LU LongHua, et al. Adv Polar Sci

on global change(in Chinese with English abstract). Chin J Nat, 2008,
30(5): 262-266
Lu L H, Bian L G et al. Chinese Antarctic meteorological activities on
International Polar Year. Chinese Academy of Meteorological
Sciences Annual Report(2007), 2008: 18-19
Chen L Q(Chief Editor). The Report of First (1999) Chinese Arctic
Research Expedition (in Chinese). Beijing: Ocean Press, 2000:1-191
Zhang Z H(Chief Editor). The Report of Secondly (2003) Chinese
Arctic Research Expedition (in Chinese). Beijing: Ocean Press, 2004 :
1-229
Zhang H S(Chief Editor). The Report of 2008 Chinese Arctic
Research Expedition(in Chinese). Beijing: Ocean Press, 2009: 1-225
Qin D H (Edited). Report on Glaciological Research of the 1990
International Trans-Antarctic Expedition (1989—1994) (in Chinese
with English contents). Beijing: Science Press, 1995: 1-117
Chinese Committee on Antarctic Research. Proceedings of the
International Symposium of Antarctic Research. Beijing: China
Ocean Press, 1989: 1-540
Zhou X J(Chief Editor). Research Progress on Interactions and Impact
between Antarctica and Global Climate and Environment(in Chinese).
Beijing: Science Press, 1995: 1-200
Zhou X J, Lu L H(Chief Editors). Research of the Interactions and
Impact between Antarctica and Global Climate and Environment(in
Chinese). Beijing: China Meteorological Press, 1996: 1-402
Chen L Q(Chief Editor). Marine Environment and Air-sea Interaction
in the Arctic(in Chinese). Beijing: China Ocean Press, 2003: 1-339
Chen L Q(Chief Editor). Response and Feedbacks of the Antarctic to
the Global Change(in Chinese). Beijing: China Ocean Press, 2004:
249-258
Xie S M, Hao C J, Qian P, et al. The variation features of the Antarctic
sea ice. Acta Oceanol Sinica, 1994, 13(1): 73-84
Li G Q, GU X H. Physical modelling experiments of topographical
and thermal effects on atmospheric circulation in vicinity of
Antarctica (in Chinese with English abstract). Acta Meteorol Sinica,
1997, 55(2): 163-173
Lu LH, Zhou XJ, Bian L G, et al. Characteristics of atmospheric
oscillation in the region of Prydz bay during the ozone hole
period in 1993. Chin Sci Bull, 1997, 42(10): 842-845
Lu L H, Bian L G Jia P Q, et al. A study on Antarctic Synoptic-
Climatic Variation and Global Change, 4nn Rep CAMS, 1991—
1995, Beijing, China Meteorological Press, 1996: 58—68
Lu L H, Bian L G Jia P Q. The temporal and spatial
characteristics of the surface air temperature variations over the
Antarctic and its surrounding area. Sci China Ser D, 1997, 40(4):
432-438
Zhou X J, Lu L H, Bian L G et al. Recent variations of Antarctic
temperature, sea ice and ozone. Chin J Polar Sci, 1999, 10(1):1-9
Gong DY, Wang S W. Antarctic oscillation: concept and applications.
Chin Sci Bull, 1998, 43: 734-738
Gao D 'Y, Wu B Y. A preliminary study on decadal oscillation and its
oscillation source in the sea-ice-air system in the Northern
Hemisphere. Polar Meteorology and Glaciology, National Institute of
Polar Research, Tokyo, 1998, 12: 68-78

Gong D Y, Wang S W. Definition of Antarctic oscillation index.
Geophys Res Lett, 1999, (26)4: 459462
Lu L H, Bian L G. The characteristics of Antarctic climatic change.
ISCC, Beijing, China, 2003, 368-369. WMO/TD-No.1172. Proceed-
ings of ISCC, Beijing, China, 2003: 251-254
Bian L G Wang J X, Lin X C, et al. Inter decadal oscillation of
temperature in the Antarctic peninsula in the last 100 years(in Chinese
with English abstract). J Glaciol Geocryo, 2004, 26(03):267-274
Bian L G, Xiao C D, Lin X C, et al. Inter-decadal oscillations in
1903—2002 over the Antarctic Peninsula. Chin J Polar Sci, 2005,
16(2): 59-69
Deng H B, Lu L H, Bian L G Short-term Climate Characteristics at

Ny-Alesund over the Arctic Tundra Area. Chin J Polar Sci,2005,16(2):

109-120

March(2011) Vol.22 No.1 7

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

Chen Z G, Bian L G, Xiao C D,et al. Characteristics of the seasonal
variations of the near surface layer parameters on the Antarctic ice
sheet in Princess Elizabeth Land, East Antarctica(in Chinese with
English abstract). Acta Oceanol Sinica, 2006, 28(1): 3541

Deng H B, Lu L H, Bian L G.. Surface radiation characteristics at
Ny-Alesund over the Arctic tundra area(in Chinese with English
abstract). Chin J Polar Sci, 2006, 18(4): 233243

Ma Y F, Bian L G, Xiao C D, et al. Correction of snow accumulation
impacted on air temperature from automatic weather station on the
Antarctic ice sheet(in Chinese with English abstract). Chin J Polar Sci,
2008, 20(4): 299-309

Chen S M, Li S R. The characteristics of wind over the Antarctic
meteorological station Great Wall during Jan-Mar 1985(in Chinese
with English abstract). Acta Meteorol Sinica, 1987, 45(3): 363-3657
Huang Y R, Xu C, Zhang H Y, et al. A study of fine weather in the
Great Wall station, Western Antarctic(in Chinese with English
abstract). Chin J Polar Sci, 2000, 12(3): 203-210

Lu L H, Bian L G Jian P Q, et al. Weather forecasting of Chinese
Antarctic research expedition. Meteorol Sci Technol, 1998, (3): 3240
(in Chinese)

Bian L G , Zhang Y B. Progress on weather forecasting in
Antarctica(in Chinese with English abstract). Chin J Polar Sci, 2000,
12(3):219-232

Huang Y R, Xue Z H. Analysis of the sea fog in the sea around the
Great Wall station, Antarctica. Mar Sci Bull, 2001, 3(1): 19-25

Xie S M, Xue Z H, Qu S H, et al. summer arctic sea fog(in Chinese
with English abstract). Acta Oceanol Sinica, 2001, 23(6): 40-50

Xie S M, Hao C J, Mei S, et al. Cyclone formation development in the
Antarctic Prydz Bay(in Chinese with English abstract). Acta Oceanol
Sinica, 2002, 24(6): 11-19

Huang Y R, Xue Z H, Xu C, et al. A study on snowstorm weather in
coastal area of western Antarctic. Mar Sci Bull, 2003,5(1):24-31

Yang Q H, Yin T, Zhang L, et al. Analyses of surface winds along the
track from Zhongshan station to Dome-A, Antarctica(in Chinese with
English abstract). Chin J Polar Sci, 2007, 19(4): 295-304

Jia P Q, Bian L G, Lu L H. A review of Antarctic sea ice problems:
observations(in Chinese with English abstract). Ant Res, 1992, 4(1):
51-58

Peng G B, Li Q, Qian B D. Climate and ice-snow cover(in Chinese
with English contents). Beijing: China Meteorological Press,
1992:1-349

Zhang Z and Lepparanta M. Modeling the influence of ice on sea
level variation in the Baltic Sea. Geophysica,1995,31(2): 3145

Xie S M, Zou B,Wang Y, et al. Anomalous Change of the Antarctic
Sea Ice and Global. J Glaciol Geocryol, 1998, 20(4): 473—480

Zhang Z. On modeling ice dynamics of semi-enclosed seasonally
ice-covered seas. PhD thesis, Report Series in Geophysics, University
of Helsinki, 2000: 43

Zhang Z. Comparisons between observed and simulated ice motion in
the Northern Baltic Sea. Geophysica, 2000, 36(1): 113-128

Wu B Y, Huang R H, Gao D Y. Arctic sea ice bordering on the North
Atlantic and inter annual climate variability. Chin Sci Bull, 2001,
46(2): 162-165

Zhang L, Cheng Z, Ren B Q, et al. Numerical simulation of sea ice in
the Prytz Bay(in Chinese with English abstract). Acta Oceanol Sinica,
2000, 22(1): 131-135

Cheng Y J, Bian L G, Lu L H. Antarctic sea-ice oscillation and its
relationship with ENSO (in Chinese with English abstract). J Appl
Meteor Sci, 2002,13(6): 711-717

Cheng Y J, Lu L H, Bian L G et al. The relationship between air
temperature of Antarctic peninsular, Antarctic sea ice oscillation and
ENSO(in Chinese with English abstract). Chin J Polar Sci, 2003,
15(2): 121-128

Wu B Y, Wang J. Winter arctic oscillation, Siberian High and East
Asian winter monsoon. Geophys Res Lett, 2003, 29(19): 1897

Xie S M, Wei L X, Hao C J, et al. Change variation of the Antarctic
sea ice and shelf ice(in Chinese with English abstract). Acta Oceanol
Sinica, 2003, 25(3): 32-46



62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

LU LongHua, et al. Adv Polar Sci

Ma L J, Lu L H, Bian L G Spatial-temporal characters of Antarctic
sea ice variation. Chin J Polar Sci, 2004, 15(2): 75-84

Wu B Y, Zhang R H, Wang J. Dipole anomaly in the Arctic
atmosphere and winter Arctic sea ice motion, Sci China Ser D, 2005,
48(9): 1529-1536

Bian L G, Lin X C. Variation of Antarctic sea ice in the latest 30
years(in Chinese with English abstract). Chin J Polar Sci, 2005, 17(4):
233-244

Zhou X J, Bian L G, JiaPQ,etal. A preliminary study on the
surface thermal regime over the Great Wall station in Antarctica, Chin
Sci Bull, 1990, 35(19): 1638-1642

Qu S H. Observation and research on the turbulent fluxes of
momentum and sensible heat over Mizuho Station (70°41'53"S,
44°19'5S4"E), east Antarctica. Annual Report, Institute of Atmospheric
Physics, Academy of Sciences, 1990: 115-125

Bian L G Lu L H, Jia P Q. Observational study of radiation balance

components in Larseman Hills, Antarctica, Ann Rep AMS,1991-1992:

105-110

Lu L H, Bian L G, Jia P Q. The characteristics of radiation in the polar

day and night at Zhongshan station, Chin Sci Bull, 1993, 38(6):

475-479

Bian L G Jia P Q, Lu L H ,et al. Observational study of annual

variations of the surface energy balance components at Zhongshan

Station of Antarctica in 1990, Sci China Ser B, 1993, 36(8):

976-987

Bian L G, Lu L H, Zhang Y P. Some characteristics of the surface

radiation components at Zhongshan Station, Ant Res, 1993, 4(1):

3541

Lu L H, Bian L G, Jia P Q, et al, Characteristic parameters of the

turbulent exchange near the surface at Zhongshan station, Antarctica

(in Chinese with English abstract). Fourth international ~ conference

on Southern hemisphere meteorology and oceanography, Mar.29-Apr.

2, 1993, Hobart, Australia, American meteorological society, 1993:

448-450

Lu D, Zhang L, Xuan Y J, et al. The basic characteristics of

atmospheric electric field at Zhongshan station, Antarctica(in Chinese

with English abstract). Chin J Polar Sci,1995, 7(1): 3643

Xie S M, Bao C L, Xue Z H, et al. Southern oceanic oscillation. Chin

Sci Bull, 1996, 41(9): 749-753.

Qu S H, Gao D Y. Characteristics of atmospheric boundary layer

structure and transfer of the turbulent fluxes over the Zhongshan

station area, Antarctica(in Chinese with English abstract) . Ant Res,
1996, 8(4): 1-10

Bian L G Lu L H, Jia P Q, et al. Observational study on the

characteristics of the radiation and surface atmospheric boundary

layer over the Antarctic. Ann Rep, CAMS, 1991-1995, Beijing,
China Meteorological Press, 1996: 69-77.

Bian L G Lu L H, Jia P Q. A preliminary study on the Ultraviolet

radiation in Zhongshan station, Antarctica. Chin Sci Bull, 1996,

41(21): 1811-1814

Qu S H, GAO D Y, Zou H. Atmospheric boundary layer structure and

turbulent flux transfer over the Zhongshan Station area, Antarctica.

Chin J Polar Sci, 1997, 8(2): 79-88

Bian L G Lu L H, Jia P Q. Experimental observing on the

characteristics of the near-surface turbulence over the Antarctic ice

sheets during the polar day period, Sci China Ser D, 1998, 41(3):

262-268

Xie S M, Zou B, Wang Y, et al. Anomalous Change of Antarctic Sea

Ice and Global Sea Level Change. J Glaciol Geocryol, 1998, 20(4):

473-480

Gao D Y, Gao Y Q, Gjessing Y, et al. Arctic air/ice exchange and

physical characteristics of ice floe in summer. J Glaciol Geocryol,
1998, 20(4): 326-329

Zhu R, Xu D H, Bian L G et al. The counter gradient heat flux in the

atmospheric surface layer in the South Pole(in Chinese with English

abstract). Acta Meteorol Sinica, 2000, 58(2): 214-222

Qu S H, Hu F, Bai J H. Turbulent flux exchange characteristics of

March(2011) Vol.22 No.1

83

84

85

86

87

88

89

90

92

93

94

95

96

97

98

99

100

10

—_

102

103

104

air-ice-sea above the Arctic Ocean during the polar day period. Prog
Nat Sci, 2001, 11(8): 594-601

Lu L H, Bian L G, Lu C G, et al. Observational study of meridian
variation of UV-B radiation during voyages to Arctic and Antarctic
regions. Acta Meteorol Sinica, 2002, 16(2): 253-360

Bian L G Lu L H, GAO Z Q, et al. Estimation of components of
energy balance on drifting ice over Arctic Ocean. Prog Nat Sci,
2001, 11(5): 362-373

Qu S H, Hu F, Li YQ, et al. Experiment research on the characteristics
of ABL structure over the arctic ocean and adjacent sea area during
the polar day period. Chin J Polar Geophys, 2002, 45(1): 8-16

Hu F, Qu S H, Li Y Q, et al. Experiment research on the
characteristics of ABL structure over the Arctic Ocean and adjacent
sea area during the polar day period. Chin J Polar Geophys, 2002,
45(1): 1-10

Bian L G Gao Z Q, Lu L H , et al. Observational estimation of heat
budgets on drifting ice and open water over the Arctic ocean. Sci
China Ser D, 2003, 46(6): 580-591

Li J D, Bian L G, Gao Z Q, et al. Comparison of the estimating
methods of the turbulence flux over a drifting ice surface in the Arctic
area(in Chinese with English abstract). J Glaciol Geocryol, 2005,
27(3): 368-375

Zou H, Zhou L, Gao Y, et al. Total ozone variation between 50° and
60°N. Geophys Res Lett, 2005, 32, 123812, doi: 10.1029/2005GL
024012

Li X, Zhang Z H, Wang H, et al. Preliminary numerical simulation for
arctic atmosphere boundary layer(in Chinese with English abstract ).
Chin J Polar Sci, 2006, 18(2): 75-86

Zhou M Y, Li S M, Chen Z, et al. Characteristics of the atmospheric
surface layer and heat budget over the Arctic ice in summer. Chin J
Polar Geophys, 2006, 49(2): 353-359

Bian LG LuLH, ZhangZ H. Analyses of structure of planetary
boundary layer in ice camp over Arctic Ocean, Chin J Polar Sci .2007,
18(1): 8-17

Bian L G Zhang Z H, Ma Y F, et al. Experiment of near surface layer
parameters in ice camp over Arctic Ocean, Chin J Polar Sci, 2007,
18(2): 90-98

Fu C B. A possible relationship between pulsation of plum rains in
Chang-jiang valley and snow and ice cover on Antarctica and the
Southern Ocean. Chin Sci Bull, 1982, 27(1): 71-75

Fang Z F. Interaction between subtropical high and polar ice in
northern hemisphere. Chin Sci Bull, 1986, 32(5): 330-335.

Peng G B, Wang P K. Influence of the Antarctic sea-ice on the
north-west pacific subtropical high and its background of ocean
atmospheric circulation. Chin Sci Bull, 1989, 34(17): 1463—1465

Ma Y M. Simulation of katabatic winds at Mizuho Station, Antarctica.
Ant Res, 1992, 3(1): 25-30.

Bian L G, Lu L H, Jia P Q. Variations of the Antarctic sea ice and
polar vortex index in southern hemisphere and their relationships.
Acta Geographical Sinica(in Chinese with English abstract), 1996,
51(1): 3343

Chen L X, Miao Q. Numerical experiments for climate variability of
monsoon under the united effects of Antarctic ice cover and sea
surface temperature. Acta Meteorol Sinica, 1996, 10(4): 387-397
Miao Q, Chen L X. Numerical experiments for the impact of
Antarctic ice cover and sea surface temperature on climate variability.
Acta Meteorol Sinica, 1997, 11(1): 23-34

Bian L G, Lu L H, Jia P Q. Characteristics of Antarctic surface air
temperature and sea ice variation and their relationship. Chin J
Atmos Sci, 1997, 21(3): 265-274

Wu B Y, GAO D Y, Huang R H. ENSO events and interannual
variations of winter sea-ice in the Greenland, the Kara and the Barents
Seas. Chin Sci Bull, 1997, 42(16): 1382-1384

Bian L G Lu L H, Jia P Q, et al. Statistic characteristics of Antarctic
surface Air temperature and sea ice variation. J Glaciol Geocryol,
1998,20(4): 293-300

Liu J P, Bian L G The relationship between polar sea ice and the
precipitation and temperature over China revealed by using SVD



105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

LU LongHua, et al. Adv Polar Sci

method, Chin J Polar Sci, 1999, 10(1): 51-60

Gong D Y, Drange H. A Preliminary Study on the Relationship
between Arctic Oscillation and Daily SLP Variance in the Northern
Hemisphere during wintertime. Adv Atmos Sci, 2005, 22(3): 313-327
Wu B Y, Wang J. Impacts of winter Arctic Oscillation on Siberian
High, the East Asian winter monsoon. Adv Atmos Sci, 2002, 9(2):
297-320

Gong D Y, Wang S W. Influence of Arctic Oscillation on winter
climate over China(in Chinese with English abstract). Acta
Geographica Sinica, 2003, 58(4): 559-568

Wu B Y, Wang J, Walsh J. Possible feedback of winter sea ice in the
Greenland and the Barents Sea on the local atmosphere. Mon Wea
Rev, 2004, 132(7):1868-1876

Zhao P, Zhang X, Zhou X J.et al. Sea-ice extent anomaly in the North
Pacific and impact on the East Asian summer monsoon rainfall. J
Climate, 2004, 17: 3434-3447

Gong D Y, Wang S W, Zhu J H. East Asian winter monsoon and
Arctic Oscillation. Geophys Res Lett, 28: 2073-2076

Song L C, Yu Y X, Sun X Y, et al. Relationship between Arctic
Oscillation and Spring Severe Sandstorm in North China(in Chinese
with English abstract). Plateau Meteorol, 2004, 23(6): 835-839

Sun J, Wang H, Yuan W. Decadal variations of the relationship
between the summer North Atlantic Oscillation and Middle East
Asian air temperature. J Geophys Res., 2008: 113, D15107, doi:
10.1029/2007JD009626

MaLJ, Lu L H, Bian L G. Relationship between Antarctic sea ice and
the climate in summer of China(in Chinese with English abstract).
Chin J Polar Sci .2006, 17(1): 1-8

Ma L J, Lu L H, Bian L G. Antarctic sea-ice extent oscillation index
with the relationship between ASEOI and synoptic climate in summer
of China(in Chinese with English abstract). J Appl Meteor Sci, 2007,
18(4): 568-572

Li CY, Gu W, Pan J, et al. Arctic Oscillation and stratospheric
circulation anomalies(in Chinese with English abstract). Chin J
Geophys, 2008, 51(6): 1632-1641

Wu B Y, Zhang R H, D'Arrigo R.  Arctic dipole anomaly and summer
rainfall in northeast China. Chin Sci Bull, 2008, 53(14): 22222229

Sun J Q, Yuan W. Contribution of the sea surface temperature over the
Mediterranean-black sea to the decadal shift of the summer north
Atlantic oscillation. Adv Atmos Sci, 2009, 26(4): 717-726

Xin X G, Zhou T J, Yu R C. The Arctic Oscillation in coupled climate
models(in Chinese with English abstract). Chin J Geophys, 2008,
51(2): 337-351

Suo L L, Huang J Y, Tan B K. The influence of winter Arctic
oscillation on maximum and minimum air temperature over China in
winter. J Tropic Meteorol, 2008, 24(2): 163-168

Gao D Y, Sadao Kawagochi. Relationship between the increase
temperature and variation of ozone level over the Antarctica and
Tibetan Plateau in spring. Adv Atmos Sci, 1986, 3 (4): 489-498

Mao J T. Measurement of the O3 and NO2 column abundance at the

March(2011) Vol.22 No.1 9

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

Great Wall Station Antarctica. Meteorol Month (in Chinese with
English abstract), 1989, 15(12): 1-5

Qu S H, Yamalouchi T. Variation of atmospheric carbon dioxide
concentration and its greenhouse effect at Syowa Station (69°00'S,
39°35'E) Antarctica. Adv Atmos Sci, 1991, 8(3): 363-368

Liu S H, Yu P, Xiong K. Radiation balance and turbulent flux
characteristics over Mizuho Station in Antarctica. Acta Meteorol
Sinica, 1993, 7(3): 316-326

Zhou X J, Lu L H ,Zheng X D, et al. The Measurement and Analysis
of Antarctic Ozone at Zhongshan Station of 1993. Ann Rep, CAMS,
1993-1994, Beijing, China Meteorological Press, 1994: 93-95

Zheng X D, Zhou X J, Lu L H, et al. Observational study of the 93
“ozone hole” at Zhongshan station, Antarctica, Chin Sci Bull, 1995,
40(13): 1106-1109

Zhou X J, Zheng X D, Lu L H, et al. Ground-based measurements
of column abundance of ozone and UV-B radiation over
Zhongshan Station, Antarctica for 1993“ozone Hole”. Ann Rep
CAMS, 19941995, Beijing, China Meteorological Press, 1995: 7-16
Zhou X J, Lu L H, Zheng X D, et al. Characteristics of Ozone
Variation over Antarctica. Ann Rep CAMS, 1991-1995, Beijing,
China Meteorological Press, 1996: 50-57

Lu L H, Bian L G Jia P Q. Short term climatic change of Antarctic
ozone (in Chinese with English abstract). J Appl Meteor Sci, 1997,
8(4): 402412

Lu L H, Bian L G ,Cheng Y J, et al. Surface ozone observation
during voyages to the Arctic and Antarctic regions. Chin Sci Bull,
2001, 46(23): 1995-2000

Sun L G, Zhu R B,Yin X B, et al. Contrast between nitrous oxide
concentrations in Antarctic Fildes Peninsula in 1999 and 2000
summers (in Chinese with English abstract). Chin J Polar Sci, 2001,
13(2): 83-90

Xie S M, Bao C L, Jiang D Z, et al. Role of the sea ice in air-sea
exchange and its relation to sea fog. Chin J Polar Sci, 2001, 12
(2):119-132

Lu L H. The new discover of Antarctic Ozone hole(in
Chinese).Meteorological Knowledge, 2002, (6): 4-7

Zhou L B, Liu Y, Zou H. Vertical characteristics of ozone variation
over Arctic Chukchi Sea region in 1999. Chin J Polar Sci, 2002, 13(1):
75-82

Zou H, Zhou L B, Jian Y X. An observation study on vertical
distribution and synoptic variation of ozone in the Arctic. Adv Atmos
Sci, 2002, 19 (5): 855-862

Waugh D W, Rong P P. Interannual variability in the decay of lower
stratospheric Arctic vortices. J] Meteorol Soc, 2002, 80(4): 997-1012
Wang W Q, Chen L Q, et al. Investigations on distributions and fluxes
of sea-air CO, of the expedition areas in the Arctic Ocean. Sci China
Ser D, 2003, 46(6): 569-579

Lu L H. The Antarctic Ozone whole and environmental protection (in
Chinese with English abstract). Science (KEXUE).2008, 60(2): 15-18



