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Abstract The winter temperature changes in East China
during the past 100 years are investigated by using the
Twentieth Century Version 2 (20th-v2) Reanalysis. Four
typical warm (P1, 1911-30; P4, 1991-2010) and cold (P2,
1938-57; P3, 1961-80) periods are identified for the East
China winter temperature index. Comparison of
160-station observational data, NCAR sea level pressure
(SLP) data, and NCEP/NCAR Reanalysis shows that the
20th-v2 Reanalysis can successfully depict the major fea-
tures of the warming from P3 to P4, which is part of the
global warming phenomenon. The cooling from P1 to P2
is a regional phenomenon under global warming. How-
ever, both changes are consistent with the phase change of
the Arctic Oscillation (AO), while the second change is
also accompanied by the phase change of Antarctic Os-
cillation (AAO) from negative to positive. Original
sources of the interdecadal shifts of the AO and winter
temperature in East China require further research.
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1 Introduction

Global warming issues have been long debated by me-
teorologists and the public. An examination of climate
variations during the past 100 years can provide more
comprehensive information to help in understanding
changes that occurred in the past several decades. How-
ever, because credible long-term observational climate
data is not available, reanalysis and model output data can
be used to study these climate changes.

As an important monsoon region, East China has ex-
perienced distinct interdecadal variations during the last
100 years such as the summer monsoon weakening after
the late 1970s (Wang, 2001, 2002), summer precipitation
increases (decreases) over the Huang-Huai River Valley
(Yangtze River Valley) after late 1990s (Zhu et al., 2011),
the winter monsoon weakening after the 1980s (Wang et
al., 2009), and strengthened connection between winter
temperature and Hadley circulation after the late 1970s
(Zhou and Wang, 2008). Tang et al. (2009) have shown
different time series of annual mean temperature averaged
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over China during past 100 years that correlate strongly
and have consistent variations with global (Northern
Hemisphere) mean temperature.

On the basis of observational temperature data from
160 stations reported by the National Climate Center of
the China Meteorological Administration (CMA, http://
www.cma.gov.cn/), the author used the cluster method to
determine similarities in variations of winter temperatures
recorded at stations in East China during 1951-2010.
Thus, area-weighted winter temperature averaged over
East China is studied in this paper. Although decadal
changes in temperature in China during the last 100 years
have been revealed (e.g., Tang et al., 2009), the related
atmospheric circulations remain unclear. To investigate
atmospheric circulation changes related to decadal tem-
perature variations in East China, the Twentieth Century
Version 2 (20th-v2) Reanalysis (2° latitude x 2° longitude)
was employed to determine data as early as 1871. In addi-
tion, the National Centers for Environmental Prediction/
the National Center for Atmospheric Research (NCEP/
NCAR) Reanalysis (2.5° latitude x 2.5° longitude, Kalnay
et al.,, 1996) and NCAR Northern Hemisphere sea level
pressure (SLP) data from 1899 (5° latitude x 5° longitude,
Trenberth and Paolino Jr, 1980) were used as reference
data.

2 Results

Figure 1 shows the temperature indices (t;,qex) averaged
over East China (25-43°N, 110-121°E , including 57 sta-
tions) on the basis of the 160-station data for 1951-2010
(black curve) and 20th-v2 Reanalysis for 1871-2010 (blue
curve). The correlation coefficient between the two during
1951-2010 is 0.86:0.80 after the nine-year smoothed sig-
nals were removed and 0.95 after the nine-year signals
were smoothed. Thus, the 20th-v2 Reanalysis, as a re-
placement of observational data, can provide valuable
results for determining climate variations over East China
during the past 100 years.

The running t-test was applied to examine the stability
of the ti,¢ex. TWO changing points were detected near the
1930s and 1980s by using different widths of windows
such as 9, 11, 15, and 17 years. From the nine-year
smoothed t;4« (Figs. 1b and 1c), four typical periods
were selected as 1911-30 (P1), 1938-57 (P2), 1961-80
(P3), and 19912010 (P4). These periods were divided
into two sets; P1 and P2 represented typical warm and
cold periods before 1960, and P3 and P4 represented
typical cold and warm periods after 1961. The mean tem-
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Figure 1 (a) Temperature indices (fi.) averaged over East China
(25-43°N, 110-121°E) on the basis of 160-station data recorded during
1951-2010 (black curve) and Twentieth Century Version 2 (20th-v2)
Reanalysis during 1871-2010 (blue curve). (b) tingex from 20th-v2; four
typical warm/cold periods, P1 to P4 from left to right, are shown by
dashed lines. (c) Running t-test of fipgex from 20th-v2 with an 11-year
window width showing t values of the index (blue curve) at the 95%

confidence level (horizontal lines).

peratures for the four periods were 4.31°C, 3.56°C,
4.42°C, and 5.69°C, respectively.
To obtain a broader view of the temperature changes in

ZHU: INTERDECADAL VARIATIONS OF WINTER TEMPERATURES IN EAST CHINA 291

the selected periods, differences in the global surface
temperature at the 995 hPa level between the typical
warm and cold periods (P4-P3 and P1-P2) are shown in
Fig. 2. NCEP/NCAR Reanalysis reveals strong warming
over the northern mid-high latitudes, particularly over
Greenland and eastward; weaker warming over the low
latitudes; and cooling over the southern high latitudes (Fig.
2c¢). The 20th-v2 Reanalysis also shows similar warming
and cooling patterns, although the warming over the
northern mid-high (low) latitudes are weaker (much
stronger) than that shown by NCEP/NCAR Reanalysis
(Fig. 2b). Although P1 was selected as a typical warm
period for East China, this period shows surface tempera-
tures lower than those in P2 over most areas with the ex-
ception of higher temperatures over most of the North
Polar Region (Fig. 2a).

In the difference field of SLP, both NCAR SLP (in the
data-covered area) and NCEP/NCAR reanalyses show
patterns quite similar to those of the 20th-v2 Reanalysis

-
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Figure 2 Differences in global surface temperature at 995 hPa level
between (b, ¢) P4 and P3, and (a) P1 and P2. (a) and (b) are from the
Twentieth Century Version 2 (20th-v2) Reanalysis; (c) is from the
NCEP/NCAR Reanalysis. Contours represent the values of difference
(blue, negative; red, positive), and shadings represent differences at the
90% and 95% confidence level derived through Student’s t-test.
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(Fig. 3) but with significantly larger magnitude over the
globe. For P4-P3 (Figs. 3b, 3d, and 3e), negative (posi-
tive) values appear in the South/North Polar Region
(southern/northern mid-latitudes), resembling a positive
Antarctic/Arctic Oscillation (AAO/AO) pattern (Thomp-
son and Wallace, 2000, 2001; Fan and Wang, 2004; Fan,
2007). In the difference field between P1 and P2 (Figs. 3a
and 3c), negative values also occupy the North Polar Re-
gion, while large-scale positive values occupy the north-
ern mid-latitudes (consistent in 20th-v2 and NCAR SLP)
and southern mid-high latitudes. In addition, negative
values exist in the eastern tropical Pacific.

Corresponding features appear at the 500 hPa geopo-
tential height (Fig. 4). In the difference field between P4
and P3, NCEP/NCAR Reanalysis also shows changes
over the globe similar to those shown in 20th-v2 data but
with larger magnitude in the mid-low latitudes (Figs. 4b
and 4c). Figure 4a reveals that negative values exist over
the North Polar Region. For magnitude, the 20th-v2 Re-
analysis shows significantly weaker changes over the
globe at low levels than those shown in NCAR SLP and
NCEP/NCAR reanalyses for P4—P3 (Figs. 2 and 3) but
weaker/comparable changes in mid-low/high latitudes at
high levels (Fig. 4). These results suggest more confi-
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dence in the 20th-v2 Reanalysis at high levels than that at
low levels.

Figures 3 and 4 show that large-scale differences exist
in the Polar Regions between typical warm and cold pe-
riods with anti-phase changes in the middle and high lati-
tudes that resemble the AO and AAO patterns. Thus, the
AO and AAO indices are calculated as the time series of
the leading empirical orthogonal function component
from the 20th-v2 SLP and are shown in Fig. 5. Correla-
tion coefficients between AO/AAO and t;,4., are 0.34/0.26,
at the 95% confidence level for the freedom degree of 140
(1871-2010) through Student’s t-test and 0.5/0.67 after
nine-year smoothing. The AO phases are consistent with
the four typical periods with P1 and P4 showing positive
AO and P2 and P3 showing negative AO; the AAO does
not show phase change from P1 to P2.

3 Conclusion and discussion

Four typical warm (P1, 1911-30; P4, 1991-2010) and
cold (P2, 1938-57; P3, 1961-80) periods were identified
for the East China winter temperature index on the basis
of the 20th-v2 Reanalysis. The differences in SLP and
geopotential height field between typical periods from
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Figure 3 Differences in sea level pressure (SLP) between ((b), (d), and (e)) P4 and P3 and ((a) and (c)) P1 and P2. (a) and (b) are from the Twenti-
eth Century Version 2 (20th-v2) Reanalysis; (c) and (d) are from the National Centers for Atmospheric Research (NCAR) SLP; and (e) is from the
NCEP/NCAR Reanalysis. Contours represent the values of difference (blue, negative; red, positive), and shadings represent differences at the 90%

and 95% confidence level derived through Student’s t-test.
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Figure 4 Differences in 500 hPa geopotential height between ((a), (c))
P4 and P3, and (b) P1 and P2. (a) and (b) are from the Twentieth Cen-
tury Version 2 (20th-v2) Reanalysis; (c) is from the NCEP/NCAR Re-
analysis. Contours represent the values of difference (blue, negative; red,
positive), and shadings represent differences at the 95% confidence level
derived through Student’s t-test.
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Figure 5 Standardized AO and AAO indices, and tiex after nine-year
smoothing during 1871-2010. Typical warm and cold periods are shown
by light red and blue shadows, respectively.
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different datasets were investigated to reveal the atmos-
pheric circulation features related to the temperature
changes.

Compared with P3, most areas were warmer during P4,
except for the southern high latitudes. The 20th-v2 Re-
analysis depicted stronger differences in low latitudes and
weaker differences in high latitudes than those shown by
NCEP/NCAR. For SLP and 500 hPa geopotential height,
three datasets revealed consistent difference patterns in-
cluding negative values in southern and northern high
latitudes and positive values in mid-low latitudes with
weaker magnitude shown in the 20th-v2 data. However,
as a typical warm period, P1 was characterized by colder
climate than that in P2 over most areas with the exception
of northern high latitudes. Negative values existed in
northern high latitudes, and positive values occurred in
northern mid-latitudes and southern mid-high latitudes.
The changes from P1 to P2 and from P3 to P4 were syn-
chronous with the phase changes of AO, which can be
obviously detected from the variation of AO and East
China temperature indices (Fig. 4). The change from P3
to P4 was also accompanied by the phase shift of AAO
from negative to positive.

Winter temperatures in East China are closely con-
nected with the East Asian winter monsoon (EAWM).
Previous studies revealed that the AO can significantly
affect the EAWM at the interannual timescale (Gong et al.,
2001; Wu and Wang, 2002). These studies also suggest
that the AO can influence EAWM directly through the
impact on the SLP, East Asian trough, and surface air
temperature and indirectly through influencing the Sibe-
rian High. Wang et al. (2009) investigated the significant
weakening of the EAWM in late 1980s, which is consis-
tent with the temperature changes from P3 to P4, and ex-
plained the phenomenon from a perspective of quasi-
stationary planetary waves. Sun et al. (2008) and Sun and
Wang (2012) revealed decadal variations in the relation-
ship between summer North Atlantic Oscillation and the
East Asian climate. However, the original sources of the
interdecadal climate variations are quite complicated top-
ics and require further exploration through both long-term
data diagnosis and numerical simulations.
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