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ABSTRACT

This study identifies a decadal shift of summer surface miptrature (SAT) over Northeast Asia, including southeaste
parts of Russia, Mongolia and northern China, around theI®fDs. The results suggest that the SAT over the Northeast
Asia experienced a significant warming after 1994 relativéhait before 1993. This decadal shift also extends to narthe
China, and leads to a warmer summer over Northeast China arii §hina after the mid-1990s.

The decadal warming over Northeast Asia is found to conctin thie enhancement of South China rainfall around the
mid-1990s. On the one hand, both the Northeast Asian SAT anthSChina rainfall exhibit this mid-1990s decadal shift
only in summer, but not in other seasons. On the other harld,tbe Northeast Asian SAT and South China rainfall exhibit
this mid-1990s decadal shift not only in the summer seasown, but also in each month of summer (June, July and
August). Furthermore, the decadal warming is found to tésuin an anticyclonic anomaly over Northeast Asia, which ca
be interpreted as the response to the increased pre@pitater South China, according to previous numerical restilius,
we conclude that the warming shift of summer Northeast ASiAR around the mid-1990s was a remote response to the
increased precipitation over South China.
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1. Introduction indicated that the warming trend for both seasonal mean and

The change in summer surface air temperature (SAT) the treme temperature in summer are much more significant

. T r 1990 over China. In addition, the warming can also be
has occurred in recent decades over Northeast Asia is note : . .
. . measured by the diurnal SAT. The minimum daily tempera-
for its remarkable warming trend. Zhu et al. (2012) demon- . . .
. ture has increased over northern China during recent decade
strated a warming trend of summer SAT over Northeast As

from 1954 to 2010, and suggested that this warming treﬁn%en and Zhai, 1998; Liu et al., 2004; Qian and Lin, 2004).

; : . Some previous studies have indicated that the warming

may be explained by global warming. The warming trend : ;
. . . . over Northeast Asia and northern China has been accompa-
of SAT over this region has also occurred in spring (Zhu et e : :
. : fied by changes in circulation over East Asia. The warm-
al., 2008). Moreover, this robust warming over the conti- o -
ing SAT over Northeast Asia is related to a positive geopo-

nental interior of Asia is further reflected in the annual me : . )
SAT, evident over the past few decades (Hansen et al., 1%‘“@.' height anomaly (Zhu et al,, 2010; Zhu et al., 201?)'
ditionally, the high frequency of extreme hot weather in

2006). In particular, the warming of SAT over Northeast Asia T . . " )

is much stronger after the late-1990s (Zhu et al., 2010) northern China is associated with the positive geopotentia

9 T height anomaly in the middle and upper troposphere (Sun et

The warming trend has also been observed in Ching.
Wang and Ye (1993) pointed out a pronounced warmin 3 , 2011).

9 2) P ap 99" The upper-tropospheric circulation over Northeast Asia

annual mean SAT in northern China. Although the warming e o asia experienced a decadal variation in the

Frend IN many regions over Chma_has S|gn!f|cant Seasonrz?1|i_d-19905. Kwon et al. (2007) suggested that the upper-
ity, the warming in northern China is robust in every seas

(Hu et al., 2003; Tang and Zhai, 2005). Qi and Wang (20105n pospheric westerly jet over East Asia weakened signif-
icantly, with an anticyclonic anomaly over Northeast Asia

and a cyclonic anomaly over South China after the mid-
* Corresponding author: CHEN Wei 1990s, and indicated the shift point was in 1993/94. Kwon
Email: chenwei@mail.iap.ac.cn et al. (2007) demonstrated that the change of circulation in
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the mid-1990s was related to enhanced precipitation ov996). In addition, monthly mean SAT of 160 stations, pro-
South China, as a barotropic response to the heat forcirided by the National Climate Center of the China Meteo-
of increased precipitation. The reasons for the decadal nogical Administration, was used to analyze the changes
crease of South China rainfall have been investigated. KwohSAT in China. The study period was from 1958 to 2010
et al. (2007) suggested that the enhancement was indu¢&®lyears). Summer time was defined as June, July and Au-
by the increase in the number of typhoons passing througlist (JJA). A running-test with a 10-yr sliding window was
the southeastern part of China. On the other hand, Wuagiplied to test the abrupt point of the decadal shift (simila
al. (2010) argued that the increases in SSTs over the tesults were obtained using a 5-yr and 15-yr sliding window,
dian Ocean and snow cover on the Tibetan Plateau couldtug are not shown in this paper).
the cause. Some previous studies have suggested that this
decadal variation of circulation may lead to changes in ex-
treme high temperature in China (Wei and Chen, 2011; Pa3k Decadal shift of the summer SAT over
etal., 2012) Northeast Asia

Previous studies have mainly focused on the warming
trend of SAT over Northeast Asia. However, little attention

has been paid to the decadal variation of Northeast Asia 81%594_2010 and 1958-93. The geopotential height anoma-

which tends to be_ modulated by _natural variability. ACtUﬁes are all positive north of 40 over Northeast Asia, with
ally, a decadal shift can be superimposed on the long-term

trend and thus offset or enhance the trend over particular %;ggmcagsttg?ﬁ;:;éoigd gt]eenlzzlfﬁesarllliil reergliloonrt(r::eg;atf).
riods. On the other hand, various studies have investigate ugg geop ! 'ght ov

the decadal variability of SAT over China. Kang et al. (zoo%remarkably enhanced after the mid-1990s. The 200-hPa

suggested a decadal warming over China after the mid-19 Snal wind shows a negative anomaly alongM@ver East

In addition, a warming shift of annual SAT over Northeadt>'2 (Fig. 1.b)’ which W.eakens the climatological subtropi-
China took place around the 1980s (Wang and Fang 2002 | westerly jet. Also, this easterly anomaly and the wéster
' omaly over the north of Lake Baikal and Southeast Asia,

and it was more significant in winter and summer (Zhang a ; S . .
Zhang, 2005). Lian et al. (1997) also indicated that the sugpy man ant|cyc|on|ccwculat|on anomaly over Nor_theasnaAs
mer SAT in Jilin Province cooled from the 1950s to the 1970§nd a cycl_omc anpmaly over South China, which are fea-
but has been warming since the 1980s. However, these préullr-eS consistent W'th the f|nd|ng§ of KWO” etal, (200.7)' In
ous studies, by using data before the year 2000, did nottdetsecort’ after the m|d-199Qs, thg circulations are beha“.E ga
the decadal variations in the most recent one or two decaasetggngthened geopotenhal helg_ht over Northea_st Asia and a
Recently, Shen et al. (2012) noticed a decadal warming o\\//\é(?akened _s_ubtrop|ca| westerly;et over East A5|a._ .
In addition, the contrast in the geopotential height

Northeast China around 1994, but did not attempt to discuss ; - .
: : anomaly between the north and south is more significant if
the possible reasons for the warming.

In the present reported study, we identified a decadal S'?%F time period starts from 1979, when the dataset is said to

of summer Northeast Asian SAT around the mid-1990s, a morlg relt:a?le. Tq%gjcggfésmz cifgggoggteﬂual height
discuss here the possible reasons for this shift. The remanomaies between 1994~ and —93 SNOWS a see-
saw pattern with a positive geopotential height anomaly ove

der of the paper is organized as follows. Section 2 introglu . 4 . )
the datasets used in the work. The decadal shift of sumrcr1'€]e0rrtheaSt Asia and a negative one over southern China (fig-

Northeast Asian SAT is investigated in section 3. A relal &S not shown). The positive geopotential height anomaly

tionship with the decadal shift of precipitation over SoutR“e" Northeast Asia exists from the lower to the upper tropo-

China is discussed in section 4. Section 5 further analyz%%her& .Th's further |mpI|(_as the occurrence of a decaddl shi
nthe mid-1990s for the circulation anomaly.

the changes of summer SAT over northern China. And ik : . .
Corresponding to the changes of large-scale circulation

nally, conclusions are drawn in section 6. after the mid-1990s, the SAT experiences a significant warm-
ing over a wide area, ranging from central to eastern parts of
2 Datasets northern Asi_a, incl_uding soutr_\eastern Russia, Mongqﬁd, a
northern China (Fig. 2a). This decadal shift of warming af-
The datasets used in the present study included SAT fregh the mid-1990s coincides with the intensified geopoanti
the Goddard Institute for Space Studies/National Aerdﬂautheight over Northeast Asia and the weakened East Asian sub-
and Space Administration (GISS/NASA) global land SAfropical westerly jet (Fig. 1). On the one hand, the positive
dataset (Hansen et al., 1999, 2006), precipitation data frgeight anomaly increases the input of solar radiation and re
the precipitation reconstruction over land (PREC/L) dettassults in a warming over Northeast Asia; while on the other
(resolution: 10° x 1.0°) (Chen et al., 2002), and the atmohand, the warming induces a decrease in the meridional air
spheric circulation variables of geopotential height and h temperature gradient and generates a negative vortexhwhic
izontal winds from the monthly mean National Centers fagads to a weakened subtropical westerly jet over East Asia
Environmental Prediction/National Center for Atmospberiand an enhanced geopotential height over Northeast Asia, ac
Research (NCEP/NCAR) Reanalysis | dataset (Kalnay et &lording to thermal wind theory (Li et al., 2010; Sun et al.,

Figure 1 shows the differences of the upper-tropospheric
opotential height and zonal wind between the periods of
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2010; Zhu et al., 2010; Xu et al., 2011). Table 1. Values of summer SAT anomaly over Northeast Asia and
i ’ ' ’ ﬂe0|pltat|on anomaly over South China averaged during3+98

The most significant warming region over Northeast As and 1994-2010. Results are shown for the JJA-mean, andrfer Ju

IS markeq by a rectangle (QL%O’N, 9C°-130F) '.n F'.g' 2a. July and August, individually. The growth ratio was calc¢athas
The amplitude of the decadal shift for the warming is 118 the difference between the two periods divided by the vatuhé
measured by the positive SAT anomalies averaged within the_period [(11-1)/abs(1)].

rectangle. The time series of the SAT anomaly over this re-
gion is shown in Fig. 2b, with an interannual standard de- 1958-93 (I) 1994-2010 (II) Growth ratio
viation of 0.73C. This indicates that the amplitude of the

decadal shift for the summer SAT over Northeast Asia is morse BSAT(C) JA 037 0.81 319

June -0.40 0.88 3.20

remarkable and much larger than the amplitude of interdnnua July _0.42 0.99 3.36
variation. August —0.28 0.53 2.89
The abrupt point for the decadal shift was further exanmscr (mm d'1) JJA —0.39 0.89 3.28
ined by the running-test with a 10-yr sliding window (Fig. June -0.50 1.05 3.10
2c). The most significant point appears in the year 1993, July -0.35 0.74 3.11
which indicates the decadal shift for the SAT over North- August  —0.39 0.82 3.10

east Asia occurs in 1993/94. The SAT anomaly varies from
—0.37C during 1951-93 to 0.8C during 1994-2010 (Ta-
ble 1). This change of SAT anomaly is significant at the 99% (a) sAT (1994-2010 minus 1958-1993)

confidence level, with a growth ratio of 3.19 (Table 1; the L—‘ig}j > = RE=S
growth ratio was calculated as the difference between the twson {/=% 6%”

/ﬂzo

periods, divided by the value in the pre-period). 40N_-os S ‘C‘-"E’
%\i
(a) H200 (1994-2010 minus 1958—1993) 30N - @\)—

60N 1 10N'3 Jb C I

80E 90E 100E 110E 1208 130€ 140E 150E

45N ¥
(b) Time Series

30N 1
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(¢) Running t-test

(b) U200 (1994-2010 minus 1958—1993) 4
5]
0d
60N -
2]
-4 SR
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Fig. 2. (a) The same as Fig. 1, but for the SAT anomalies (units:
°C). (b) Time series of the SAT anomalies averaged over the re-
gion (40-5C°N, 90°-130°E) [the rectangle in (a)]. (c) Running
t-test for the time series. Curved and straight dashed Imég i

/ (Cy K@ . represent thevalue and the 99% confidence level, respectively.
15N -

60E 80E 100E 120E 140E 160E

30N 1

These circulation and SAT changes around the mid-1990s
Fig. 1. Composite differences of (a) 200-hPa geopotential differ appreciably to those associated with the warmingdre
height (units: m) and (b) zonal wind (units: m’y between  The region with the decadal shift of summer SAT around the
the periods of 1994-2010 and 1958-93. Shading indicates thenid-1990s is located southward in comparison with the re-
region where the values are significant at the 95% confidenceyion of the warming trend that might be due to global warm-
level according to thé-test. The thick solid line in (b) repre- ing (Zhu et al., 2012). The circulation changes shown in
sents the climatological subtropical westerly jet. Fig. 1 are also located southward relative to those assatiat
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with the warming trend, which are characterized by a pos- In addition, there is a positive precipitation anomaly over
itive 200-hPa geopotential height anomaly centered arouBduth China, indicating a remarkable increase of South&hin
60°N, and the strongest easterly wind anomaly over East Asainfall after the mid-1990s, consistent with the results o
along 45N (Zhu et al., 2012). Furthermore, the amplitud&won et al. (2007). This decadal shift was further investi-
of the decadal SAT variation is five times as large as that gted via the time series of precipitation anomalies awtag
the warming trend, according to the rate of 32410 yr) 1  over the region (20-30°N, 110—12CE) (Fig. 3b; the region
suggested by Zhu et al. (2012). Thus, the decadal shiftisfmarked by the rectangle in Fig. 3a). The runnirigst re-
summer SAT over Northeast Asia is different to the warmingult suggests that the abrupt year for this decadal shiféts a
trend. 1993/94.
The remarkable decadal shift of precipitation over South
) ) ) ) Chinais characterized as a dry state altering to a wet ore. Th
4. Relationship with the decadal shift of South  south China precipitation anomaly, measured by the average
Chinarainfall in the mid-1990s over the region (20-30°N, 110—12C0E), is —0.39 mm d!
. . s .in the previous period (Table 1), and there are only four out
Figure 3 shows the changes in precipitation anomalle§ . . : . " S
: . 0T 36 years during this period showing clear positive priecip
between the post- and pre- mid-1990s. There is a nega e T LS
o ) . Tation anomalies, judged by the criterion of 0.3 mntdOn
precipitation anomaly over Northeast Asia associated wih

the warming SAT there. The precipitation anomaly averag%crf O(;;)gltirezr)é’vzlrmsojj ti”éﬁii: %:{;\ngnlli?ﬁ;ig;?sh(icvaepg?zg;a_
over this region (40-50C°N, 90°—13CE) varies from 0.06 '

mmd- during 1958-93 t0-0.14 mm d during 1994 bly negative anomalies. The precipitation anomaly avatage

2010. The amplitude for this decadal shift is 0.20 mn,d over the subsequent period is 0.89 mrt qTable 1). The

which is 69% of one standard deviation of the interannugti]?f\;v:) ? ;it:gr:fe?;.éier\(l)f:/lg:\ll\lsotiﬁzzé?;f;?aratloforthe dead

variation in precipitation oyerthls region (0.29 mmld. Thg The decadal shifts of the summer Northeast Asian SAT
decrease of Northeast Asian precipitation associatedthéth . . . . ) .

h d tential heiahtin t tributes to th and the South China rainfall show an identical changingtpoin
enhanced geopotential height In turm contributes to tenwar i 4 gg3/94 4ng similar growth ratios. The concurrence of

in_g .SAT locally through increasing downward shortwave "Foth decadal shifts in the mid-1990s appears only for sum-
diation (Trenberth and Shea, 2005). mer, but not for other seasons (Fig. 4). For the SAT anomaly

(a) Precip (1994-2010 minus 1958-1993) over Northeast Asia, the 7-yr running mean for these time

oo , _— series implies that the decadal shift in the mid-1990s iy onl

SON | = N for summer, with the time of the decadal shift tending to ap-
AN pear in the late-1980s for other seasons. On the contrary,

o K_fi:“% B s/ for South China precipitation, the decadal shifts are warcle

in winter, spring and autumn, while the interannual vari-
' ability is dominant in these seasons. Actually, the changes
in upper-tropospheric circulation between the post- amd pr
mid-1990s in DJF, MAM and SON are quite different with
Bor i those in JJA (figures not shown). The enhancement of geopo-
130E 140E 150E tential height over Northeast Asia and the weakening of the
subtropical East Asian westerly jet around the mid-1990s do
not occur in these three seasons. Also, the nonexistence of a
inverse circulation anomaly north and south of the westerly
jet over East Asia implies a disconnection of the Northeast
Asian SAT and South China precipitation in winter, spring
-21 and autumn. The concurrence of decadal shifts of both the
~371960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 summer Northeast Asian SAT and South China precipitation
around the mid-1990s, as well as the corresponding upper-
() Running t-test tropospheric circulation changes, suggests a possibleeoen

31 tion between these two remote climate changes, and that such
0/“/Af\\ / a possible connection is only for summer, rather than other
-31 -\/ seasons.

The mid-1990s shifts of both the summer Northeast Asian
=91 SAT and South China precipitation are apparent not only in

1970 1975 1980 1985 1990 1995 2000 the seasonal mean, but also the monthly variations (Fig. 5).

Fig. 3. (a) The same as Fig. 1, but for the precipitation anoma-Both the Northeast Asian SAT and South China precipitation
lies (units: mm d1). (b) Time series of the precipitation show clear decadal shifts around the mid-1990s for Jung, Jul
anomalies averaged over the region°80°N, 110-120E) and August. Both of them exhibit a negative phase during
[the rectangle in (a)]. (c) Runnirtgtest for the time series. 1958-93 and a positive phase during 1994-2010. The am-

£Q ‘ T o5

BOE 90E 100E 110E 120E

(b) Time Series
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Fig. 4. Time series of the SAT anomaly (unit&C) over Northeast Asia (left panel) and the pre-
cipitation anomaly (units: mmt) over South China (right panel) in (a, e) DJF, (b, ) MAM,
(c, g) JJA, and (d, h) SON. Bars are the original data and the kaes are the 7-yr running
mean.

plitudes of interannual variability in the monthly seri€dg. coefficient of seasonal mean time series of 0.68 (calculated
5) are generally stronger than those for summer-mean sebgsusing the time series with a 7-yr running mean). This
(Figs. 4c and g), which can be expected by the weak autmnnection is very weak on the interannual timescale, with a
correlations between monthly series. correlation coefficient of 0.19 (calculated by using thedim
The mid-1990s decadal shifts in JJA-mean and monthdgries without the 7-yr running mean). This implies that the
mean are further illustrated by the anomalies averaged ortheast Asian summer SAT might be modulated by various
fore and after 1993/94 (Table 1). The decadal variation factors on the interannual timescale, and the effect ofsout
each month is close to that in the seasonal mean for b&hina rainfall, as one of the factors, could be concealed on
the Northeast Asian SAT and South China rainfall. Morehis timescale. However, on the decadal timescale, thetsffe
over, the growth ratios in JJA-mean and in each month fof other factors are much weaker, since their decadal varia-
the SAT are all similar to those for the precipitation, whickions are not as clear as the South China rainfall, and theus th
implies that the linkages between them exist both in the sesdfect of South China rainfall might become dominant.
sonal and monthly mean. In addition, the connection between This study suggests a linkage between the Northeast
the Northeast Asian summer SAT and South China rainfélsian SAT and South China rainfall on the decadal timescale.
only appears on the decadal timescale with the correlatibhe decadal connection is demonstrated by the concurrence
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Fig. 5. The same as Fig. 4, but for (a, d) June, (b, ) July, and (c, uau

of the decadal shifts of the Northeast Asian SAT, South China
precipitation, and the corresponding upper-troposplaric
culation around the mid-1990s. Additionally, both of the
decadal shifts are only for summer, but not for other segsons
and both of the decadal shifts are not only in the summeygopL
mean, but also in each month of summer (June, July and Au-
gust). These similarities also indicate the decadal carorec
Furthermore, the physical processes for the decadal cennegyen
tion can be understood as follows. After the mid-1990s, the
increased South China rainfall leads to a positive geopiaden :
height anomaly over Northeast Asia, according to Kwon eR0°N-
al. (2007). The Northeast Asian positive geopotential iheig
anomaly contributes to the warmer SAT through increasing 1go°g 11(')05 12605 13'005 140°E
the solar radiation input and decreasing local precipitati
Thus, we can conclude that the decadal shift of SAT after thesig. 6. The same as Fig. 1, but for the SAT anomalies (units:
mid-1990s was a remote response to the increased precipita€) using the 160-station dataset. The asterisk and the ti®mb
tion over South China. represent the stations over Northeast China and North China
respectively.

50°N-

5. Decadal shift of summer SAT over northern _ . ,
China as the region east of 106 and north of 38N in China.

Forty-nine stations are located in this region, including i
The decadal shift of summer SAT in the mid-1990s exdeilongjiang Province, Jilin Province, Liaoning Provinbe
tends to the northern part of China (Fig. 6). The significaner Mongolia Province, Beijing City, Tianjin City, Ningxia
positive summer SAT anomalies cover Northeast China aRdovince, Shanxi Province, the northern part of Shandong
North China after the mid-1990s. We defined northern Chiffaovince, and eastern part of Shaanxi Province. Moreover,
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we divided northern China into Northeast China and Nordmalysis using the Chinese station dataset further cordirme
China. Northeast China represents the region east ¢fEL18hat the mid-1990s decadal shift of summer SAT also exists in
and north of 38N, which contains 26 stations over Heinorthern China, and a warming summer can be observed over
longjiang Province, Jilin Province, Liaoning Province danNortheast China and North China after 1994. In additior, pre
the northeastern part of Inner Mongolia Province. The otheipitation experiences a decadal shift in the mid-1990s ove
23 stations belong to North China. Northeast Asia. The summer Northeast Asian precipitation

The time series of JJA-mean SAT anomalies averagsidnificantly decreases after the mid-1990s, which is in fa-
over these three regions are shown in Fig. 7. Similar tor of the warming SAT there through increasing downward
northern China, both Northeast China and North China eshortwave radiation.
hibit a decadal change with lower SAT before the mid-1990s The decadal shift of summer SAT over Northeast Asia in
and higher SAT after. The runnirigtest results indicate the the mid-1990s corresponds with the decadal shift of upper-
time for the abrupt decadal shift is 1993/94 for all three réropospheric circulation, which shows as a positive geopo-
gions, which is consistent with that for the summer Northeagential height anomaly over Northeast Asia and a weakened
Asian SAT and South China precipitation. subtropical westerly jet over East Asia after the mid-1990s
The enhancement of geopotential height over Northeast Asia
. leads to the warming of Northeast Asia SAT by increasing the
6. Conclusions solar radiation input and suppressing local precipitation

In this study, we investigated the decadal variations of Actually, we found that the mid-1990s decadal shift of
summer SAT over Northeast Asia. The summer Northeastmmer Northeast Asian SAT is connected with that of South
Asian SAT was found to display a decadal shift around tt@hina rainfall. This linkage is demonstrated by the concur-
mid-1990s, with an abrupt point of change in 1993/94. Theence of the mid-1990s decadal shifts of the Northeast Asian
Northeast Asian SAT anomalies vary fror0.37°C during SAT, South China precipitation, and the corresponding uppe
1958-93 to 0.81C during 1994-2010. This decadal changopospheric circulation. Moreover, both the decadaltshif
of SAT anomaly is significant at the 99% confidence levedf Northeast Asian SAT and South China rainfall are only
The robust decadal variation of SAT averaged over the Norfilor summer, but not for other seasons. Additionally, both th
east Asia (1.18C) is larger than both its interannual stanedecadal shifts of Northeast Asian SAT and South China rain-
dard deviation (0.7) and warming trend [0.2Z (10yr) ! fall are not only in the summer mean, but also in each month
(Zhu et al., 2010)]. The region with decadal shift covers@ summer (June, July and August). These similarities in-
wide area of Northeast Asia, including the southeasterh pdicate a possible connection between the summer Northeast
of Russia, Mongolia and northern China. In particular, thésian SAT and South China rainfall on the decadal timescale.

(a) Northern China (d) Running t-test for (a)
2 3
1.
0 4ylys L . L1 I | I|I| IIIl- 1
L L LU LB N LI M- /\[/
-1 -3 v
_2.
-6
(b) Northeast China (e) Running t-test for (b)
21 31
1.
T | {la ||I | Ill "'ll 0-\’\”"/\”\/\,\/
I
_2.
-6
(c) North China (f) Running t-test for (c)
2 3
! Ll
0 '.'I T m T SN R I||I T | I Iif < /
| . AV
_2.

T T T T T T T T T T r -6 T T T T T T T
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 1970 1975 1980 1985 1990 1995 2000

Fig. 7. Time series of the SAT anomalies averaged over (a) northéinaQnorth of 36N,
east of 108E; 49 stations), (b) Northeast China (north o B8 east of 118E; 26 stations),
and (c) North China (remaining 23 stations). The right pausélbw the runningrtest for their
respective time series in the left panels.
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Furthermore, after the mid-1990s, the positive geopaiénti 5208-5222.

height anomaly over Northeast Asia can be interpreted as tifgian, W. H., and X. Lin, 2004: Regional trends in recent tem-
response to the increased precipitation over South China, a  perature indices in Chin&Climate Res., 27, 229-134, doi:
cording to previous numerical results (Kwon et al., 2007), ~ 10.3354/cr027119. .

This enhanced geopotential height contributes to the warm&en: F- M., and P. M. Zhai, 1998: Study on changes of China’s ex
SAT there. Therefore, based on the present results, we sug- treme temperatures during 1951-1980ientia Atmospher-
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