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NCEP/NCAR reanalysis data have been used to examine variations of the sea level pressure
and of the surface wind speed in the Antarctic region from 1950 to 2019. The objective of the
work was to identify changes and quantify long-term trends in these two major weather and
climate elements. The analysis included time series of monthly mean values of the sea level
pressure and of the surface wind speed as well as their yearly means. The study has shown a
gradual decrease of the sea level pressure and a gradual increase of the surface wind speed
in the high latitude region of the Southern Hemisphere in the last 70 years (1950-2019).
The largest pressure decrease was within 65-70°S latitude band approximately correspon-
ding to the location of the Antarctic Circumpolar Trough (ACT). The estimated trend in the
yearly averaged sea level pressure ranged from —0.058 mb/yr over the open ocean north of
ACT, within the 50-60°S latitude band, to —0.148 mb/yr over the Antarctic continent, within
65-85°S latitudes. The zonal-mean wind speed trends ranged within 0.020 m/s/yr and
0.026 m/s/yr over the continent and over the open ocean with up to the 3—4 times larger
values in the coastal areas of East Antarctica. Seasonally larger changes in both parameters
occurred in the cold period of the year from April to August. Trends in both the sea level
pressure and in the wind speed in the Antarctic region were found to generally decelerate in
the last decade covered by the dataset.

Keywords: Reanalysis, Antarctic climate change, surface wind speed, sea level
pressure

Introduction

Climate variation and change are known to show up most distinctly in high latitude
regions of the Earth (Anisimov et al., 2007). Polar areas have a direct effect on the global
climate through the meridional heat and water transfer, whereas the latter are directly
related to the air pressure, surface temperature and the wind field dynamics. Although
climate changes in the Antarctic region are generally smaller and tend to occur slower
than in the Arctic (Walsh, 2009; Turner and Overland, 2009), they are still noticeable and
attract a considerable research attention. These changes have been explored using a vari-
ety of approaches, techniques and datasets. Variation and long-term trends in the surface
temperature and precipitation in Antarctica were examined using in situ data and satellite
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observations (Comiso, 2000; Genthon et al., 2018). Gradual warming of West Antarctica
at the rate of about 0.12°C per decade was established using remote sensing data (Steig
et al., 2009). Satellite observations have been actively used to monitor changes in the sea
ice properties and dynamics (Turner et al., 2016). The amount and distribution of Antarc-
tic icebergs and their links to changing climate have been established by Romanov et al.,
(2008) who collected and processed historical interactive iceberg observations from ships
travelling in the Southern Ocean.

Given sparse conventional and ship-based observations of major weather and cli-
mate elements in high latitudes of the Southern Hemisphere, reanalysis datasets present
an attractive source of information for studying climate variability. In the past appli-
cation of these datasets in Antarctica helped to characterize the seasonal patterns and
the long-term variation in the surface temperature, vertical structure of the troposphere,
geopotential, sea level pressure, winds, precipitation (e.g., Wang et al., 2016; Nygard
et al., 2016). Continuous updates of the reanalysis datasets stimulate their routine reas-
sessment to establish a more reliable and accurate characterization of the Antarctic cli-
mate variability and trends. In this study we focus on the sea level pressure and on the
surface wind speed. Using reanalysis data we examine their variations in the Antarctic
region over the last 70 years. The primary objective of the work was to identify changes
and quantify long-term trends in these two major weather and climate elements with the
currently most up to date data.

Data

The study is based on the NCEP/NCAR reanalysis (Kalnay et al., 1996) available
from NOAA Physical Laboratory at Boulder, Colorado, USA (https://psl.noaa.gov/). In the
analysis we have used monthly mean values of the sea level pressure and of the surface
wind speed provided as a subset of the NCEP/NCAR reanalysis dataset. Information on
both parameters is available on a latitude-longitude grid with the grid cell size of 2.5 degree
and covers the time period from 1950 to 2019. Monthly mean sea level pressure and wind
speed data over the 70-year long time period were used to calculate yearly mean values as
well as multi-year means for the year and individual months. Time series of monthly and
yearly mean pressure and wind speed were further applied to estimate long-term changes
and trends in the two parameters. Although newer and apparently more advanced global
reanalysis datasets are currently available, e.g., NCEP/DOE-II (Kanamitsu et al., 2002),
ERAS (Hersbach et al., 2020), MERRA-2 (Gelaro et al., 2017) compared to NCEP/NCAR
they cover a much shorter time period starting mostly in the late 1970s or early 1980s.

Results
Figure 1 presents global maps of the yearly mean sea level pressure and of the

surface wind speed which were derived by averaging the corresponding data over the
70-year span of the dataset. The sea level pressure map clearly identifies a belt of low
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pressure in the Antarctica coastal zone known as the Antarctic Circumpolar Trough
(ACT). ACT remains generally within 60—65°S latitudes in the Eastern Antarctica and
within 65—70°S latitudes in the Western Antarctica. In the map of the yearly mean wind
speed there is a distinct wide band of elevated values in the open ocean north of the
ACT, within the 45-60°S latitude belt. Stronger, in excess of 10 m/s, mean winds are
also found along the continental coastline in the Atlantic and Indian Ocean sectors of
Antarctica (Fig. 1b).

Further analysis involving calculated long-term monthly mean sea level pressure
fields revealed a small, within about 2 degree latitude, seasonal fluctuation in the position
of the ACT and a yearly amplitude of the ACT mean pressure of about 7 mb. The mean
ACT pressure demonstrated a distinct semiannual oscillation with the largest maximum
and the deepest minimum reached correspondingly in the months of January and Oc-
tober and a secondary maximum and minimum reached in June and March. In the sea
level pressure reanalysis data we have also identified a considerable strengthening of the

Figure 1. Yearly mean sea level pressure (a) and surface wind speed (b) averaged
over 1950-2019 time period. Broken line in the mean sea level pressure map indicates
the multiyear mean position of the Antarctic Circumpolar Trough (ACT).

98



Journal of Oceanological Research. 2020. Vol. 48. No. 3. P. 96-108

semi-permanent East Antarctic High in the colder period of the year, from March to Sep-
tember. The latter finding is consistent with the results reported by Jones and Simmonds
(1994).

To assess changes in the sea level pressure and wind fields in the course of
the last seven decades we split the dataset in two equal parts of 35 years long and
compared the two parameters averaged over these time periods. The difference in the
sea level pressure and in the wind speed averaged over 1950-1984 and over 1985—
2019 time periods is presented in Figure 2. The principal feature seen in Figure 2a,
that shows the change in the sea level pressure, is a strong deepening of the Antarctic
Circumpolar Trough. The largest pressure drop of 4—-8 mb occurred in the Amundsen
Sea corresponding to the location of the Amundsen Sea Low, and in the Indian sector
of the Southern Ocean. As seen from Figure 2a, in the Indian Ocean sector of Antarc-
tica, the area of decreasing sea level pressure extends far beyond the coastal region
deep into the continent.

Figure 2. Change of the yearly mean sea level pressure (a) and surface wind speed (b)
from 1950-1984 to 1985-2019.
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Changes in the wind speed in the high latitude region of the Southern Hemisphere
from 1950-1984 to 1985-2019 were mostly positive, indicating an overall strengthening
of the winds. Larger increase corresponds to the area north and south of the ACT whereas
there was little to no long-term change in the wind speed at the immediate location of the
ACT (Fig. 2b). The largest strengthening of the winds in the excess of 2 m/s occurred in
coastal areas of Eastern Antarctica. Surprisingly, NCEP/NCAR reanalysis data did not
indicate a noticeable strengthening of the offshore winds in the Amundsen Sea, within
100-150°W, despite an obvious deepening of the Amundsen Sea Low.

Quantitative assessment of the trends in the sea level pressure and in the surface
wind speed was performed using the values of the two parameters averaged within three
latitude bands of 25-35°S, 50—60°S and 65-85°S. The first band incorporates the area as-
sociated with three subtropical anticyclones, the South Atlantic, the Indian and the South
Pacific. These anticyclones are clearly seen in Figure la as areas of elevated sea level
pressure. Reanalysis data records over continents were excluded from calculations of
zonal mean values in this subtropical zone to characterize the sea level pressure and the
surface wind speed solely over the open ocean. The second latitude zone incorporated the
high latitude open ocean north of the ACT whereas the third zone represented the Antarc-
tic continent and included the ACT.

Consistent with the results presented in Figure 2, time series of the yearly mean
surface pressure and of the surface wind speed did not show any noticeable trends in
the tropical open ocean areas of the Southern Hemisphere (see Figure 3). In the same
time polar areas demonstrated an obvious gradual decrease of the sea level pressure and
a gradual increase of the wind speed with time over the last seven decades. As follows
from Figure 3, the decreasing trend in the sea level pressure over the continental Ant-
arctica, within 65-85°S latitude belt, was about 2.5 times stronger than the correspond-
ing trend over the open ocean, within 50-60°S latitudes, amounting correspondingly
to —0.148 mb/yr and —0.058 mb/yr. On the opposite, a somewhat larger increase in the
wind speed over time, 0.026 m/s/yr vs 0.020 m/s/yr, was inherent to the open ocean
as compared to the continental Antarctica. All trends in the zonally-averaged sea level
pressure and surface wind speed in the polar areas were statistically significant at 95%
confidence level. Several individual locations in the coastal areas of East Antarctica
where the long-term strengthening of the winds was most pronounced, demonstrated
much larger trends reaching 0.9—1.0 m/s/yr.

A more detailed seasonal analysis has shown that the decreasing trend in the sea
level pressure remains stronger over the Antarctic continent than over the open ocean in
all months of the year with the largest change corresponding to the April to August time
period (see Figure 4). No distinct seasonal pattern was found in the wind speed trend over
the Antarctic continent, within the 65 to 85°S latitude band, whereas the open ocean data
indicated a slight strengthening of winds in austral summer and in early fall (December
to April). The results suggest a somewhat larger strengthening of the winds over the open
ocean than over the continent in the first half of the year whereas in the rest of the year
the magnitude of the two trends was close.
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Figure 3. Time series of the yearly mean sea level pressure (a) and of the surface wind speed (b)
in three latitude zones of the Southern Hemisphere derived from NCEP/NCAR
reanalysis dataset.

Figure 4. Trends by month of the year in the zonally-averaged sea level pressure (a) and
surface wind speed (b) derived from NCEP/NCAR reanalysis dataset. Latitude zones of 50—
60°S and 65-85°S correspond to the open ocean and to the Antarctic continent, respectively.

All estimated trends are statistically significant at 95% confidence level.

To understand whether the existing trends in the sea level pressure and in the
surface wind speed have been changing in recent years we compared trends cal-
culated for the complete 70-year time series of the zonally-averaged values of the
two parameters and for the time series that exclude data for the years from 2010 to
2019. The difference between absolute values of the trend in the two parameters
for 1950-2019 and for 1950-2009 over the open ocean was predominantly negative
(see Table 1), suggesting a general deceleration of the observed trends in the last
decade. Similarly to the open ocean, trends in the surface wind speed and in the sea
level pressure in the last decade were found to also decelerate over the Antarctic
continent.
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Table 1. Trends in the sea level pressure [mb/yr] and in the surface wind speed [m/s/yr]
over the open ocean (50-60°S) for the 1950-2019 and 1950-2009 time period
and the difference of the trends indicating trend acceleration (+), deceleration ()

or no change (=) in the last ten years, from 2010 to 2019.

Sea Level Pressure Surface Wind Speed

Month Trend Trend Accell (+)/ Trend Trend Accell (+)/

(mb/yr) (mb/yr) Deccell (-)/ (m/s/yr) (m/slyr) Deccell (-)/

1950-2009 1950-2019 NoChg(=) 1950-2009 1950-2019 NoChg(=)
Jan. —0.052 —0.043 - 0.030 0.029 -
Feb. —0.045 —0.032 - 0.029 0.028 -
Mar. —-0.057 —0.048 - 0.027 0.027 -
Apr. —0.084 —0.064 - 0.038 0.035 -
May —0.085 -0.078 - 0.034 0.033 -
Jun. —0.064 —0.060 - 0.021 0.024 +
Jul. -0.104 —-0.081 - 0.023 0.024 +
Aug. —-0.113 —0.082 - 0.026 0.024 -
Sep. —0.083 —0.065 - 0.018 0.018 =
Oct. -0.097 -0.077 - 0.024 0.023 -
Nov. —-0.047 —0.031 - 0.025 0.023 —
Dec. —0.040 —0.039 - 0.031 0.029 -

Discussion

Atmospheric reanalyses schemes differ by physical parameterizations, assimilation
techniques and input data used. This causes differences in the model-reproduced atmospheric
and surface parameters, their spatio-temporal variations and long-term trends. A typical ap-
proach to substantiate the validity and reliability of reanalysis-based estimates involves the
comparison of a number of different reanalysis datasets. In this study we compared variation
and trends in the sea-level pressure and in the surface wind speed derived from the NCEP/
NCAR dataset with corresponding estimates inferred from ERAS reanalysis of the European
Centre for Medium-Range Weather Forecasts, ECMWF (Hersbach et al., 2020), and from
NASA’s Modern Era Retrospective Analysis for Research and Applications-2, MERRA?2
(Gelaro et al., 2017). Because of a shorter time span of the two latter datasets, a direct com-
parison of the results was possible only since 1979, i.e., over the time period of about four
decades. Along with the NCEP/NCAR reanalysis, ERAS and MERRA?2 datasets were applied
to calculate monthly and yearly mean values of zonally averaged sea surface pressure and of
the surface wind speed within two latitude belts of 50-60°S and 65-85°S.

Examination of the time series of the two parameters derived from ERAS and
MERRAZ2? has revealed their much similarity to NCEP/NCAR but also have shown a
number of differences. All three datasets have been found to agree well on year-to year
changes in the yearly mean sea level pressure and in the surface wind speed in the Ant-
arctic region and, in most cases, on the sign of corresponding trends. Some differences
however concerned the estimated trend magnitude.
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Close correlation between time series of the yearly mean values of the two param-
eters is seen from Fig. 5 presenting estimates for the open ocean area within the 50-60°S
latitude belt. A decreasing trend in the sea level pressure found in the NCEP/NCAR da-
taset is supported by MERRA2-based estimates, whereas in ERAS the sea level pressure
trend turned practically neutral. In the last four decades all datasets demonstrated a statis-
tically significant increase of the yearly average surface wind speed with time (Fig. 5b)
with the largest trend of 0.028 m/s'yr in NCEP/NCAR and smaller trends in MERRA2
(0.019 m/s'yr) and ERAS5 (0.008 m/s/yr). Worth noting is a considerably larger, by 1.5—
2 m/s, zonal mean yearly average wind speed in the MERRA2 dataset as compared to
NCEP/NCAR and ERAS.

Figure 5. Time series and trends of the yearly mean sea level pressure (a) and of the surface
wind speed (b) within 50-60°S latitude belt derived from three reanalysis datasets,
NCEP/NCAR, ERAS5 and MERRA2.

Our further analysis of the three datasets has shown that their agreement on the
decreasing trend in the sea level pressure and increasing trend in the wind speed extends
further south to the Antarctic coastal and continental areas within the latitude belt of
65—-85°S. Similarly to the open ocean, in this region the NCEP/NCAR dataset demon-
strated the largest decrease in the sea level pressure of —0.094 mb/yr (vs —0.021 mb/yr in
ERAS and —0.043 mb/yr in MERRA?2) and a much larger increase of the wind speed of
0.021 m/s/yr as compared to an almost neutral trend of 0.003 m/s/yr in both ERAS5 and
MERRAZ2. Besides the agreement on the sign of the trends, all datasets revealed similar
peculiarities in the trend seasonal pattern. This includes a slightly larger decrease in the
sea level pressure in the late fall and in winter and generally larger increasing trends in the
wind speed over the open ocean during the austral summer and early fall.

A general deepening of the Antarctic Circumpolar Through in the last decades that
has been seen in the results of our study agrees well with the results of other Antarctic
climate change studies based on the reanalysis data and in situ observations. Turner et al.,
(2009) identified a gradual decrease of the yearly mean sea level pressure in the 1980s,
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1990s and in the beginning of 2000s in the records of many ground stations in Antarctica.
Similar to the results of our analysis of the NCEP/NCAR dataset, the largest trends of
up to 0.1 mb/yr were found in the coastal areas across East Antarctica in austral summer
and autumn. Even larger negative pressure trends reaching 0.2 mb/yr were identified by
(Hines et al., 2000) who examined the NCEP reanalysis data in the last five decades of
the 20™ century. In the latter study however concern has been expressed that these trends
may be overestimated. The authors suggest that at least part of the negative trend may be
due to a gradual decrease of the positive pressure bias inherent to the sea level pressure
reanalysis data in 1950 and most of 1960s. The latter is attributed to the fact that data from
only few ground stations in Antarctica were available at that time.

Consistent with the general decrease of the sea level pressure is the observed
strengthening of the winds in Antarctica. Evidence for the increasing wind speed was
found in various types of environmental records including reanalysis, surface observa-
tions and satellite data. Estimates of the magnitude of the trend vary but generally support
the results inferred from the NCEP/NCAR dataset. Positive wind speed trends in Antarc-
tica amounting to 0.02—0.04 m/s/yr and thus close to our estimates were established by
Young and Ribal (2019) from the analysis of passive and active satellite observations in
the microwave. These trends are generally larger than trends in the surface wind speed
we saw in the ERAS and MERRA?2 datasets. Increasing wind speed have been reported
by Dong et al., (2020) who examined the records at over 50 ground-based stations in
Antarctica and six different reanalysis products for the 1980-2018 time period. Trends
in the yearly mean wind speed over the whole Antarctic region (60—90°S) for different
reanalysis schemes presented in this study ranged within 0.005 to 0.018 m/s/yr. Similar
values of the wind speed trend spanning from —0.0026 to 0.013 m/s/yr with largest posi-
tive trends during the austral summer have been reported by (Yu et al., 2020). Somewhat
larger, generally within 0.02—-0.03 m/s/yr, estimates of the trends we inferred from the
NCEP/NCAR reanalysis, may be explained by the fact that they were obtained over high
latitude areas of the Southern Ocean and coastal areas of the Antarctic continent where
long term changes in the wind speed in the last decades were the largest.

Conclusion

Long-term changes in the sea level pressure and in the surface wind speed in the
high latitude region of the Southern Hemisphere have been examined using NCEP/NCAR
reanalysis data. The study has shown a gradual decrease of the sea level pressure and an
increase of the surface wind speed in the last 70 years (1950-2019) both in the polar region
of Southern Ocean and in the coastal areas of Antarctica. The estimated trend in the yearly
averaged sea level pressure amounted to —0.058 mb/yr over the open ocean (50°S—60°S)
and to —0.148 mb/yr over the Antarctic continent (65°S—85°S). Trends in the wind speed
over the sea surface and over the continent comprised correspondingly 0.026 m/s/yr and
0.020 m/s/yr with up to the 3—4 times larger values in coastal areas of East Antarctica. Faster
decrease of the sea level pressure occurred during the cold period of the year from April to
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August whereas a distinct seasonal pattern in the trends of the surface wind speed with larg-
er values in summer and early fall was identified only over the near-Antarctic open ocean.
All trends were found to generally decelerate in the last decade.

We have shown that information on the sign of the trends in the wind speed and
pressure in Antarctic inferred from the NCEP/NCAR reanalysis is generally consistent
with other reanalyses data and thus may be considered credible. Larger uncertainty is as-
sociated with the particular magnitude of the long-term changes. Although trends inferred
from the NCEP/NCAR dataset in this study were overall somewhat larger than in other
reanalyses, they compare favorably to available in situ and remote sensing observations
and therefore appear realistic.

Substantial long-term changes in the sea level pressure and in the surface wind
speed, indicate changing atmospheric circulation patterns and, more broadly, changing
climate conditions in the polar region of the Southern Hemisphere. These transformations
have an immediate impact on the ocean dynamics in the region, as well as on the physics,
chemistry and biology of Antarctic waters. A broader-scale analysis incorporating infor-
mation on other environmental elements as surface temperature, precipitation, surface
wind speed components, ice cover may help to improve understanding of the climate
change processes in the region. Incorporating a larger scope of reanalysis datasets as well
as in situ and remote sensing data should result in more reliable quantitative estimates of
the magnitude of the change.
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YCUJIEHUE BETPA B AHTAPKTHUKE
11O JAHHBIM PEAHAJIN3A NCEP/NCAR

PomanoBa H.A.!, Pomanos I1.10.2
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’NOAA-CREST, City University of New York, New York, NY 10031, USA,
e-mail: peter.romanov@noaa.gov
Cratbst moctynuia B penakiuto 21.07.2020, ogoOpena k nmeyaru 15.10.2020.

Jannsie anannza NCEP/NCAR ncmionbs30Baich Ui N3y 9eHUs MI3MEHEHUH TaBICHNS Ha YPOBHE
MOpST U CKOPOCTH TIPU3EMHOTO BETpa B aHTapkTHIeckoM pernone ¢ 1950 mo 2019 rr. Ienbro
paboThl OBUIO BBISIBIICHWE W3MEHEHWI M KOJIMYECTBEHHAs OLICHKA JOJTOCPOYHBIX TCHICHIIWIA
ITHUX JIByX OCHOBHBIX AJIEMEHTBI [OTOJTbI M KITMMaTa. BbIIN MpoaHain3upoBaHbl BDEMEHHBIE PSIbI
CpeIHEMECSUHbIX 3HAUCHHH JaBICHHS HA YPOBHE MODS M CKOPOCTH IIPHU3EMHOTO BETPa, a TaKiKe
UX CpPEHEero/IoBbIe 3HaueHus. VccneoBaHue MoKa3aio MOCTEIICHHOE CHIKEHUE JIABJICHUSI Ha
YPOBHE MOPSI ¥ MOCTEINEHHOE YBEIMYCHUE CKOPOCTH MPU3EMHOTO BETPa B BHICOKOLIMPOTHOM
patione FOsxHoro momymapus 3a mocnemauaue 70 mer (1950-2019). HanbGompiee moHmKeHne
JIABJICHHS TIPOHM3ONUIO B 30HE 65—70°0.11I., MPUMEPHO COOTBETCTBYIOIICH MECTOMOIOKEHUIO
AQHTApKTUYECKOW IMPKyMIOMSAPHOM JOoKOMHBI Hi3koro pmasieHus (ALUI). Paccumrannas
BEJIMYMHA TPEH/IA CPEHEr0JIOBOTO JaBieHUsT m3MeHsuiach oT —0.058 MO/rom Haj OTKPBITHIM
okeanoM Kk ceBepy or AIUIL B mmamasome mmpor 50-60°0.mr., mo —0,148 mO/rom Hafm
AQHTAPKTUYECKUM KOHTHHEHTOM, B Tipenenax 65-85°0.m. TpeHIpl 30HaIbHO-OCPEIHEHHON
ckopocTh Betpa konebaymch B mpenenax 0.020 m/c/rom u 0.026 m/c/ron Ha KOHTHHEHTOM H
HaJT OTKPBITBIM OKEaHOM M JIOCTUTAIN B 3—4 pa3a OONBINNX 3HAYCHUH B MPHOPEKHBIX paifoHax
BOCTOYHOW AHTapKTHABL. B Ce30HHON CTPyKType HAHOOJBIIIE N3MEHEHH 000MX MapaMeTpoB
MPOM3O0LLIA B XOJOAHBIA MEPHOA ToJa C arpels Mo aBrycT. beiio 0OHApYKEHO, YTO TEMITbI
M3MEHEHUS KaK JIABJICHHS HA YPOBHE MOPSI, TAK M CKOPOCTH BETPa B aHTAPKTHYECKOM PErHOHE B
HoCJIe/IHee JACCATHIIETHE, OXBAaThIBaeMOe HAOOPOM JIAaHHBIX, B 1IEJIOM 3aME/JTHAIUCH.

KiroueBble cioBa: peaHain3, W3MCHEHHE KiIMMara AHTapKTHKH, CKOPOCTb
NPU3EMHOTO BETpa, AaBJICHUE HA YPOBHE MOPS

BaarogapHocTu. ABTOpHI OnaromapsT perieH3eHTOB 3a IICHHBIC 3aMEUaHusl, y4eT
KOTOPBIX CIOCOOCTBOBAJl YIYUIIEHUIO TEKCTa CTaThu. PaboTa BBIMONHEHA B paMKax
Toc3aganus Ne0149-2019-0004.
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