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ABSTRACT

This study explores the characteristics of high tempeeatuinomalies over eastern China and associated influencing
factors using observations and model outputs. Results #hatwmore long-duration (over 8 days) high temperaturetsven
occur over the middle and lower reaches of the Yangtze Riedley/(YRV) than over the surrounding regions, and control
most of the interannual variation of summer mean tempegatusitu. The synergistic effect of summer precipitation over
the South China Sea (SCS) region {387 N, 115-124E) and the northwestern India and Arabian Sea (IAS) regi8h<1
27°N, 60°—8C°E) contributes more significantly to the variation of sumMM&V temperature, relative to the respective SCS
or IAS precipitation anomaly. More precipitation (enhath@®ndensational heating) over the SCS region strengtinens t
western Pacific subtropical high (WPSH) and simultaneowslgkens the westerly trough over the east coast of Asia, and
accordingly results in associated high temperature ariemater the YRV region through stimulating an East AsiaiiRac
(EAP) pattern. More precipitation over the IAS region fentladjusts the variations of the WPSH and westerly trougtl, an
eventually reinforces high temperature anomalies ovelYfR¥ region. Furthermore, the condensational heating edl&d
more |AS precipitation can adjust upper-troposphericexstinomalies over the YRV region by exciting a circumgloba
teleconnection, inducing cold horizontal temperatureeation and related anomalous descent, which is also coreltwi
the YRV high temperature anomalies. The reproduction ofiimve association in the model results indicates that tbreeab
results can be explained both statistically and dynanyicall
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1. Introduction examples include: the persistent high temperature event du

High temperature events (heat waves) are one of the mg]é;[ the summer of 2002 experienced in northern China (Wei

. . . o ef'al., 2004); the high temperature event that covered adbroa
important types of meteorological disaster occurring imsu S

. ; : area of southern China in the summer of 2003 (Wang et al.,
mer. High temperature events with long duration subst

tially affect people’s lives and the economy because of t 806); the persistent event with extremely high tempeeatur

. ! . ._and severe drought that occurred over southwestern China
associated increased consumption of water and electrlcg}i

. . ring July—September 2006 (Peng et al., 2007; Li et al.,
andthe dest_rucnve consequences for agriculture. The acm 011); and the high temperature event over southern China
of consecutive days, strength, and frequency of high tempg[mng’ the summer of 2013 that showed an unprecedented
ature events in China have shown an increasing trend since . ) .
the 1990s (Lin and Guan, 2008; Ye et al., 2013) Individugreal extent, duration, and maximum temperature, and which

’ ' v ' even caused the deaths of many people (Peng, 2014). There-

fore, it is important to understand the variability of higmt-
* Corresponding author: LIU Ge perature anomalies and associated factors and mechanisms.
Email: liuge@cams.cma.gov.cn Numerous case studies have revealed that the western Pa-
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cific subtropical high (WPSH) is an important factor dirgctlin the present study. This is a daily temperature dataset
causing summer high temperature events over various region grids of 05° x 0.5° covering the Asian monsoon region
of China (Wei et al., 2004; Wei and Sun, 2007; Peng et af15°S-55N, 60°—15CE) (Yasutomi et al., 2011). The other
2007; Zou and Gao, 2007; Shi et al., 2009; Li et al., 201femperature dataset used in this study is the monthly mean
Chen et al., 2013). High temperature events tend to ocdamperature at 160 stations from the National Climate Cen-
over the regions where the WPSH dominates. The strotgg, China. The present study also uses monthly mean geopo-
and stable WPSH, which directly resulted in high tempergential height from the National Centers for Environmental
ture over southern China during the summer of 2013, wBsediction (NCEP)-Department of Energy (DOE) Reanaly-
associated with the anomalies of surrounding circulati@na s sis 2 (Kanamitsu et al., 2002), the Climate Prediction Cen-
tems, such as a stronger South Asian high (SAH), weaker (CPC) Merged Analysis of Precipitation (CMAP; Xie and
cold air activity from high latitudes, and stronger conveet Arkin, 1997), the National Oceanic and Atmospheric Admin-
in the tropics (Peng, 2014). istration (NOAA) interpolated outgoing long wave radiatio
Numerical simulations and theoretical analyses have fy&LR; Liebmann and Smith, 1996), and the NOAA extended
ther revealed the effects of convective heating and S$dconstructed version 3b SST (Smith et al., 2008). The above
anomalies over tropical oceans on the formation and vadiatasets are all available from 1979 to 2007.
ability of the WPSH. Through triggering a meridional quasi- In addition, the ECHAM5/MPI-OM outputs (monthly
stationary planetary Rossby wave, anomalous convective aean SAT and precipitation) prepared for the Intergovern-
tivity in the western Pacific warm pool results in the Eashental Panel on Climate Change (IPCC) Fourth Assessment
Asia—Pacific (EAP), or Pacific-Japan (PJ), teleconnecti®eport’s Climate of the 20th Century Experiment (20C3M)
pattern and therefore modulates the WPSH (Nitta, 198dungclaus et al., 2006), which are available on ¥%5
Huang and Li, 1988; Huang and Sun, 1992). The latent heltrgitude-latitude Gaussian grids, are used to verify the o
ing over the region from India to the Indo-China Peninsukserved results.
via the Bay of Bengal, which is released by monsoon rain-
fall, forces the SAH (WPSH) on the western (eastern) side ) )
of this heating center (Liu et al., 1999; Liu and Wu, 2004)3. High temperature events and associated
It has long been known that the WPSH is intensified and factors
shifts southward during El Nifio decaying summers (Huan . ,
et al., 1996; Wang et al., 2000; Chang et al., 2000). Indign- 1he characteristics of high temperature events over
Ocean warming is also an important factor, which explains eastern China
why the WPSH is abnormally strong in summer after the El In the present study, daily mean SAT with an anomaly
Nifio anomaly becomes weak (Xie et al., 2009). Tropical Iver I°C is referred to as high temperature. The duration of
dian Ocean warming can stimulate low-level anomalous afigh temperature events is defined as the number of consecu-
ticyclonic circulation over the subtropical northwest Hac tive days with high temperature. A high temperature event is
Ocean and southern China (i.e. the WPSH) by emanaticgnsidered as a summer event if the central day of the event
a warm Kelvin wave (Hu et al., 2012). Recently, Wang €br the prior day if the event persists for an even number of
al. (2013) suggested that variation of the WPSH is primaritjays) falls in the period from 1 June to 31 August.
controlled by central Pacific cooling/warming and a positiv.  High temperature events with longer duration have larger
atmosphere—ocean feedback mechanism between the WR#ldences than those with shorter duration. Figure 1 ptesen
and the Indo-Pacific warm pool oceans. climatological mean numbers of summer high temperature
The present study analyzes the characteristics of highents with long duration (over 8 days) over eastern China.
temperature events over eastern China and investigatesABeshown in Fig. 1, high temperature events with duration
influences of tropical circulation and SST anomalies. Th®er 8 days cover two regions of large number, one over the
rest of the paper is organized as follows: In section 2, weid—high latitudes to the north of 4R, and the other over
describe the data. Section 3 presents the temporal andlspétie middle and lower reaches of the Yangtze River Valley
features of high temperature events in summer. The factorg®¥RV). In this study, we primarily explore the latter sindeet
summer temperature anomalies and associated physical piitddle and lower reaches of the YRV is a crucial region for
cesses are also investigated in section 3. The resultsederisigriculture, and features relatively more long-duratiovef
from observations in section 3 are further examined in se®days) high temperature events than the surrounding region
tion 4 based on outputs from the European Centre HambyFig. 1).
5/Max Planck Institute-Ocean model (ECHAM5/MPI-OM).  The number of over-8-day high temperature events aver-
Finally, a summary and discussion are provided in section &ged over the middle and lower reaches of the YRV27
3N, 111°-123E) shows significant positive correlation
2 Data with summer (June—July—August) mean temperaituisitu,
with a coefficient of correlation center of over 0.7 (Fig. .2a)
The Asian Precipitation Highly Resolved Observationalleanwhile, area-mean summer temperature over the same
Data Integration towards the Evaluation of Water Resourcesjion has a consistent increasing trend and interannual
(APHRODITE) surface air temperature (SAT) dataset is usgdriation with the area-mean number of over-8-day events
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50N , of 0.78 (0.72) between the two original (detrended) time se-
1.4 il ries. This further confirms the close relationship betwéen t

45N 1 number of over-8-day events and summer mean temperature.
1.2

Furthermore, the number of short-duration (3—8 days)
high temperature events averaged over the YRV region is cal-
culated, and is found to be also significantly correlatedhwit

A
40N 3 ety

0.8 35N~ ST . i
summer mean temperature in situ, but with a relatively lower
0.6 30N 4 correlation coefficient of 0.71 (0.57) between the two ovigi
0.4 (detrended) time series. The results reveal that the \@miat
0.2 25N of summer mean temperature over the YRV region can be
) more attributed to long-duration (over 8 days) high tempera
0 ooN ture events than to short-duration (3—8 days) events.
| Referring to the definition of high temperature events pre-
15N £ sented by Lau and Nath (2014), a 3—8-day (over-8-day) high

100E 1108 120E 130E temperature event is identified in the YRV region when the

spatial mean SAT is higher than the 70th percentile values of
this population of daily mean SATSs for 3—8 (over 8) consecu-
tive days. Based on this definition, the number of over-8-day
events is also significantly correlated with summer mean tem
perature, with a correlation coefficient of 0.54 (0.51) betw

Fig. 1. Climatological mean (1979-2007) number of sum-
mer high temperature events (daily temperature mean agomal
higher than 1C) spanning over eight consecutive days.

50N the two original (detrended) time series. The relation$leip
tween the number of 3—8-day events and summer mean tem-
45N perature is relatively weaker, with a correlation coeffitief
4ON4 - 0.38 (0.34) between the two original (detrended) time serie
This further supports the notion that the variation of summe
35N @5 . temperature over the YRV region tends to be modulated more
. oz 1 by long-duration events than by short-duration eventsrdhe
ION» & ocfgﬁ fore, we pay more attention to long-duration (over 8 days)
-~ _% 0??0'6‘ 5 events in this study. . .
& O High temperature events with short duration are related to
20N - & various individual weather systems and are largely due-to in
A ﬂ ternal atmospheric processes, while high temperaturg®ven
15N 10O 110E 120E 130E with long duration are likely connected to persistent large

scale circulation systems and sustainable external foréis
such, it is easier to identify the influencing factors of sum-
mer temperature and associated mechanisms over the YRV
region where long-duration high temperature events cbntro
the variation of summer mean temperature. For convenience,
the summer mean temperature averaged over the YRV region
is defined as the YRV temperature index, which also reflects
the variation in the number of long-duration (over 8 days)
high temperature events because of their consistency.

1980 1985 1990 1995 2000 2005

Fig. 2. (a) Distribution of the coefficients of correlation between 32 Egctors affecti ng summer temperature over the YRV
the number of summer long-duration high temperature events region

averaged over the middle and lower reaches of the YRV+27 .
3¥N, 11°-123E; red box) and summer mean temperature 1 Ne correlation between the summer YRV temperature

during 1979-2007. Shading denotes that the correlatioigis s index and simultaneous 500 hPa geopotential height during
nificant at the 99% confidence level. (b) Normalized timeeseri  1979—-2007 displays a significant positive correlation ¢hrer
of the number of high temperature events (red line) and summeYellow Sea and the Yangtze and Hwai River Valley region
mean temperature (blue line) over the YRV region and theirli  (Fig. 3a), which indicates that, corresponding to the posi-
ear trends (red for the former, and blue for the latter). tive geopotential height anomaly over this region, summer
high temperature anomalies appear over the YRV region.
(Fig. 2b). The correlation coefficient between the two erigiThis positive geopotential height anomaly reflects the fact
nal (detrended) time series is 0.81 (0.75) for the perio®397that the westerly trough is weaker over the east coast of Asia
2007. Additionally, the mean summer temperature of 23 staad the WPSH is stronger and extends much farther west
tions within the YRV region is highly consistent with theand north than normal. A weaker westerly trough implies
number of over-8-day events, with a correlation coefficieat weaker intrusion of cold air from the high latitudes, and
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Fig. 3. Distribution of the coefficients of correlation between Fig. 4. (a) Distribution of the coefficients of correlation between
the summer YRV temperature index and simultaneous (a) 500 the summer YRV temperature index and simultaneous OLR
hPa and (b) 200 hPa geopotential height (contours) during during 1979-2007; (b) as in (a) but for the correlation betwe
1979-2007; red vectors in (b) indicate the anomalous 200 hPa the YRV temperature index and precipitation, and red boxes
winds regressed by the summer YRV temperature index. Shad- denote the IAS (18-27°N, 60°-80°E) and SCS (18-27N,

ing denotes that the correlation is significant at the 95%icon ~ 115—124°E) regions. Shading denotes that the correlation is
dence level. significant at the 90% confidence level.

the westward/northward-extended WPSH can directly cosignificant negative correlations over two regions: onedei
trol eastern China and therefore result in less precipitatithe Arabian Sea and northwestern India, and the other the
and more solar radiation reaching the Earth’s surface, lwhigorthern part of the South China Sea. Consistently, there ar
are both conducive to high temperature anomalies over tignificant positive correlations between the summer YRV
YRV region. temperature index and simultaneous precipitation in these
The correlation between the summer YRV temperatuteo regions (Fig. 4b). The above correlations remain af-
index and simultaneous 200 hPa geopotential height (Fig. 36r removing the linear trends (figure not shown). This im-
shows a significant positive correlation from North China viplies that, on the interannual scale, corresponding tegeo
the Korean Peninsula to southern Japan. Accompanying tbéhvection activity and more precipitation over the Arabia
positive geopotential height anomaly and associated anorBaa and northwestern India and the South China Sea, summer
lous anticyclone, upper-level easterly anomalies prexagl temperature over the YRV region is relatively higher.
the YRV region, which can induce cold horizontal tempera- Stronger convective activity and more precipitation sig-
ture advection from colder oceanic regions to warm continenify enhanced condensational heating. The condensational
tal Asia and consequently result in anomalous descent drehting released by precipitation over different regioas ¢
associated high temperature anomalies over the YRV regiondulate the WPSH in different ways (Nitta, 1987; Huang
through adiabatic warming (Hu et al., 2013). and Li, 1988; Huang and Sun, 1992; Liu et al., 1999; Liu and
The correlation between the summer YRV temperatuv®u, 2004). To investigate the effects of precipitation (con
index and simultaneous OLR during 1979-2007 (Fig. 4dgnsational heating) over different regions on the WPSH,
shows a significant positive correlation over the YRV regiosummer precipitation averaged over the South China Sea re-
Correspondingly, a significantly negative correlatiorsésin  gion (18-27N, 115-124E) and over the northwestern In-
situ between the summer YRV temperature index and simulia and Arabian Sea region (37N, 60°—80C°E) are re-
taneous precipitation (Fig. 4b). That is, the high tempesat ferred to as the summer SCS and IAS precipitation indices,
anomalies over the YRV region are intimately linked withespectively. The correlation coefficient between the SCS
less local precipitation. High temperature and droughdl teand IAS precipitation indices is0.08, revealing that precip-
to occur concurrently. itation variations over the two regions are independemhfro
Furthermore, it can be seen in Fig. 4a that there agach other. Summer precipitation averaged over both the SCS
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and IAS regions is defined as the SCS—IAS precipitation ihPa level (Fig. 5d). That is, more precipitation (condensa-
dex, to reflect the synthesized variation of precipitatioon¢ tional heating) over the IAS region corresponds to positive
densational heating) over the two regions. geopotential anomalies over its western side in the upper tr
The correlation between the SCS precipitation index apdsphere and over its eastern side in the middle troposphere
500 hPa geopotential height (Fig. 5a) shows a clear negativehich is generally consistent with atmospheric responses a
positive—negative pattern along the east coast of Asid, avit different levels to convective condensational heating @i
significant positive correlation from the Bohai Sea to Japah, 1999, Fig. 2c). This supports the notion that the efféct
via the Korean Peninsula. The negative—positive—negatthe vertical gradient of strong condensational heatindgclvh
pattern is clearly related to the EAP/PJ teleconnectioris This directly related to the IAS precipitation, plays an impor
implies that the SCS precipitation anomaly may affect thant role in modulating the WPSH and the upper-tropospheric
WPSH through stimulating the meridional quasi-stationageopotential height anomaly over west-central Asia.
planetary Rossby wave from the tropics to the high latitudes In addition to the significant positive correlation over
As for the effect of the IAS precipitation anomaly, the comvest-central Asia, we can also detect a significant positive
relation between the IAS precipitation index and geopadéntcorrelation from North China to the Korean Peninsula in the
heights displays significant positive correlations alofg§\8 upper troposphere (Fig. 5d). The upper-tropospheric atte
from 8C°E to 130E, to the northeast of the IAS precipitatiorwith the two anomalies over west-central Asia and East Asia
anomaly at the 500 hPa level (Fig. 5c), and significant possnstitutes the Asian part of the circumglobal telecorinact
itive correlations over west-central Asia centered orfk85 identified by Ding and Wang (2005). This pattern has been
60°E), to the northwest of the IAS precipitation at the 20ihdicated to play an important role in connecting the Indian
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Fig. 5. Correlations of summer 500 hPa geopotential heights (costaorrelated with the summer (a) SCS, (b) IAS,
and (c) SCS-IAS precipitation indices; (b), (d), and (f)icade 200 hPa geopotential heights (contours) correlated
with, and the anomalous 200 hPa winds (red vectors) regténsehe summer SCS, IAS, and SCS—-IAS precipitation
indices, respectively. Shading denotes that the coroglasi significant at the 95% confidence level. Blue boxes in (c)

and (d) represent the IAS region. “C” and “A” in (d) represtité anomalous cyclone and anticyclone, respectively.
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and North China summer rainfall variations (Wu, 2002; Wu et 5 () With the SCS precipitation index
al., 2003). The diabatic heating effect of Indian monsoa@n pr

cipitation may excite an anomalous west-central Asian high 45\ - /\_\'/\A

and downstream Rossby wave train extending to East Asia, / 0.3
and even to the North Pacific and North America (Ding and 40N -

Wang, 2005). This mechanism further confirms that the IAS
precipitation may stimulate upper-tropospheric geoptiaén 35N ~
height anomalies over west-central Asia and over East Asia.

Relative to the YRV temperature-related circulation 230N
anomalies (Fig. 3), the 500 hPa positive geopotential heigh

anomaly over East Asia, related to more SCS precipitatfon, i 25N+

weaker and its southern ridge is farther north (Fig. 5a)levhi soNdre D

that related to more IAS precipitation is farther south (Fig L TN -

5c). In contrast, this positive geopotential height angmal 15N s I,{' TN .

at the 500 hPa level, which is remarkably linked with more 100E 110E 120E 130E
SCS-IAS precipitation (Fig. 5e), is more consistent with (b) with the IAS precipitation index

Fig. 3a. Similarly, the positive 200 hPa geopotential heigh SON

anomaly over East Asia resulting from more SCS—IAS pre-

cipitation (Fig. 5f), is also more consistent with Fig. 3laith 45N 7 e

the SCS-related (Fig. 5b) or IAS-related (Fig. 5d) anomaly.

In summary, the synergistic effect of SCS and IAS precip-

itation plays a more important role in modulating the YRV <5 _

temperature-related circulation anomalies than the iddal

effect of SCS or IAS precipitation. 30N A
Note that the circulation anomalies forced by the SCS—

IAS precipitation anomaly is not a simple superposition of 25N -

the circulation anomalies stimulated by individual SCS and

IAS precipitation anomalies, respectively. This implieatt 20N

the synergistic contributions of the SCS and IAS precifuitat

anomalies seem to be nonlinear. The IAS precipitation shoul 15N

be considered as a crucial factor in modulating and reirforc

40N +

100E 110E 120E 130E

ing the circulation anomalies forced by the SCS precipitgti 50N &) With the SCS-IAS precipitation index
therefore, the synergistic effect of the SCS and IAS precipi O‘SL
tation anomalies may exert a more significant influence on 45N+ O 0.47
summer temperature over the YRV region than the individual !

effect of the SCS or IAS precipitation anomaly, which can 40N + ‘/‘g

be demonstrated by the correlations of summer temperature ~t ~3\C> S

with different precipitation indices (Fig. 6). 35N+ 0.3-55.

The correlations show that summer temperature over the é) A
YRV region is significantly related to the SCS—IAS precipita >N 7 <Q)%
tion (Fig. 6c), while the individual SCS precipitation afte %
summer temperature over a farther north and smaller region
(Fig. 6a). Similarly, compared to the synergistic effecthe
SCS-IAS precipitation (Fig. 6c¢), the effect of individual3 £
on summer temperature over the YRV region is remarkably 15y 22Xz : W
weaker (Fig. 6b). 100E  110E  120E  130E

Ctolmp_arln_g the tlme_ series of the summertemperature anF—lig. 6. Distributions of the correlation coefficients of summer
precipitation indices (Fig. 7) shows that the variationuis temperature with the () summer SCS precipitation inde, (b
mer YRV temperature is significantly related to the variasio  summer IAS precipitation index, and (c) summer SCS—IAS pre-
of SCS and IAS precipitation, with correlation coefficients cipitation index during 1979-2007. Shading denotes that th
of 0.50 and 0.44, respectively. Furthermore, the variabbn correlation is significant at the 99% confidence level.
summer YRV temperature has a better relationship with the
SCS-IAS precipitation index (Fig. 7c), with a correlatian ¢ the confidence level of 99.9%), which is remarkably higher
efficient of 0.68 (significant at the confidence level of 99)9%than the correlation coefficient with the individual SCS or
After removing the linear trends in these time series, thre cdAS precipitation index (both 0.46). In other words, theeint
relation coefficient of the YRV temperature index with th@nnual variation of summer temperature over the YRV region
SCS-IAS precipitation index still reaches 0.66 (signifian is mainly due to the synergistic effect of summer precijotat

25N +

20N
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(a) SCS precipitation index and YRV temperature index R=0.50

1980 1985 1990 1995 2000 2005

(b) IAS precipitation index and YRV temperature index R=0.44

1980 1985 1990 1995 2000 2005
(c) SCS-IAS precipitation index and YRV temperature index R=0.68

1980 1985 1990 1995 2000 2005

Fig. 7. (&) Normalized time series of the summer SCS precipitatied (ine)
and YRV temperature (blue line) indices; (b) and (c) as in§aj for the IAS
precipitation index (red line) and the SCS—IAS precipitatindex (red line),
respectively.

(condensational heating) over the SCS and IAS regions. as the SCS-IAS precipitation index. The correlations of-sum
mer temperature with the summer SCS and IAS precipitation
indices (Figs. 9a and b) display a significant positive darre

4. Resultsin ECHAMS tion over the YRV region. This signifies that the anomalies of

To further reveal the relationship between the summgymmer SCS and IAS pre_cipitationrespectivelycontrihnte,

YRV temperature and tropical precipitation (condensatigiy™e extent, to the variation of summer temperature over the

heating), we examine the above results using ECHAMS/MPYRY région. The correlation between the summer SCS-IAS

OM model outputs (20c3m). In ECHAMS5, the same yR\Precipitation |_nd§>_< and smgltaneous tgmpera_lture (Fig. 9c

region (27-3%N, 111°~123°E) is chosen to define the Sum_shows more significant positive correlations, with tW(_) eest

mer YRV temperature index. Figure 8 presents the correfizer the upper reaches of the YRV and over the middle and
tion between the summer YRV temperature index and simul-
taneous precipitation during 1979-2007 in ECHAMS5. As GoN
shown in Fig. 8, there are significant positive correlationsson
over the SCS region and the northwestern India and Arabian
Sea region, resembling the correlations in observatiog. (Fi 40N
4b). 30N
Based on the locations of positive correlations in

ECHAMS (red boxes in Fig. 8), summer precipitation av- 2°N

eraged over the SCS region (23N, 112-120E) and o5 1>

over the northwestern India and Arabian Sea regiori{13 ; %
23N, 65°-78E) are defined as the summer SCS and IAS EQ S 5OF BOE TODE oo 140F
precipitation indices, respectively, and summer preafjgh

averaged over the above SCS and IAS regions is referred to Fig. 8. As in Fig. 4b, but for ECHAMS.
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(a) with the SCS precipitation index
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Fig. 9. As in Fig. 6, but for ECHAMS.
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of the SCS—IAS precipitation provides a greater contrduti
to the variation of the YRV temperature. The correlation co-
efficient of the YRV temperature index with the SCS-IAS
precipitation index is 0.50 (significant at the confidensele
of 99%), higher than the correlation coefficients with thesSC
and IAS precipitation indices (0.37 and 0.46, respectively
After removing the linear trends in these time series, thre co
relation coefficient of the YRV temperature index with the
SCS-IAS precipitation index is 0.51, which is also higher
than the correlation coefficients with the individual SC$8 an
IAS precipitation indices (0.40 and 0.45, respectively).

In summary, ECHAMS5 captures the relationships be-
tween the summer YRV temperature and tropical precipita-
tion over different regions, and confirms that the synergis-
tic contribution of the SCS-IAS precipitation to the summer
YRV temperature is stronger than the individual contribati
of the SCS or IAS precipitation. This implies that the above
results can be explained both statistically and dynanyicall

5. Summary and discussion

Using observations and ECHAM5/MPI-OM model out-
puts prepared for the IPCC Fourth Assessment Report's Cli-
mate of the 20th Century Experiment, we investigate the
characteristics of high temperature anomalies over easter
China and associated influencing factors. It is found that
the middle and lower reaches of the YRV constitute one of
the most important regions where more long-duration (over 8
days) high temperature events occur and contribute to a larg
part of the variation of local summer mean temperature.

The high temperature anomalies over the YRV region
are closely related to more precipitation over the SCS and
IAS regions. The positive anomaly of precipitation over the
SCS region, which corresponds to enhanced condensational
heating, stimulates the meridional quasi-stationary etizry
Rossby wave from the tropics to the high latitudes along the
east coast of Asia and modulates the EAP-like pattern, con-
sequently leading to a weak westerly trough and the west-
ward and northward expansion of the WPSH. Under the ab-
normal background, more precipitation over the IAS region
enhances condensational heating in situ. On the one hand,
the strong condensational heating forces a significant posi
tive correlation band in the midlatitudes of Asia, which-fur
ther results in a weaker westerly trough and a stronger and
larger anomaly of the WPSH, eventually increasing summer
temperature over the YRV region. On the other hand, this
heating excites a circumglobal teleconnection, with a posi
tive geopotential height anomaly over west-central Asid an
over downstream East Asia in the upper troposphere. Ac-

lower reaches of the YRV. The result is more similar to theompanying this geopotential height anomaly over East Asia
observed summer temperature anomalies resulting from hayhd the associated anomalous anticyclone, upper-level eas
temperature events (Fig. 2a), which verifies the synergiséirly anomalies appear over the YRV region and induce cold
effect of the SCS—IAS precipitation in modulating summérorizontal temperature advection and related anomalous de

temperatu

re over the YRV region.

scent, further leading to high temperature anomalies titrou

Comparing among the time series of these indices (figuadiabatic warming. Through the above processes, the syner-
not shown) further confirms that, relative to the respeaive gistic contribution of the SCS—IAS precipitation to the sum
fects of the SCS and IAS precipitation, the synergisticaffemer YRV temperature is more significant than the individual
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(a) Correlation with the IAS precipitation index
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Fig. 10. Distributions of the correlation coefficients of summer SSilith the (a)
summer IAS precipitation index and (b) summer YRV temperindex during
1979-2007. Shading denotes that the correlation is signifiat the 95% confi-
dence level.

contribution of the SCS or IAS precipitation. ECHAMS re-mer YRV temperature index and simultaneous SSTs does not
produces and verifies the above results. show the above features of SST anomalies. This implies that
Tropical SST anomalies can modulate the variation of tlleis type of anomalous WPSH, which is a main factor for
WPSH/SAH (Huang et al., 1996; Wang et al., 2000; Charigh YRV temperature, may be adjusted by different external
et al., 2000; Ding and Wang, 2005; Xie et al., 2009; Huarfgrcing and mechanisms, which is worthy of further investi-
etal., 2011; Wang et al., 2013) and Indian monsoon precigiation.
tation (e.g., Kershaw, 1988; Yang and Lau, 1998; Vecchi and This study suggests a synergistic contribution of the SCS—
Harrison, 2004). However, the correlation between the sutdS precipitation to high temperature events and assatiate
mer IAS precipitation index and simultaneous SST indicatesmmer temperature over the YRV region. Therefore, to pre-
that there is no large-range significant relationship betwedict high temperature anomalies over the YRV region, we
summer IAS precipitation and SSTs (Fig. 10a), while the catannot merely focus on the preceding factors of the YRV
relation between the summer YRV temperature index and @mperature itself. Exploring the preceding factors of sum
multaneous SSTs shows significant positive correlationsrimer precipitation over the SCS and IAS regions is obviously
the eastern Indian Ocean and the western Pacific warm pbelpful. The Asian climate is related to SST and snow cover
and adjacent seas of East Asia (Fig. 10b). The relationshipd sea ice (Douville and Royer, 1996; Yang and Lau, 1998;
of SSTs with summer IAS precipitation and that with sumA/u and Kirtman, 2007; He et al., 2007; Li et al., 2008; Wu
mer YRV temperature are evidently different from each othet al., 2009; Wang et al., 2012; Fu and Li, 2013), and thus
(Fig. 10). This inconsistency implies that the concurremt othe potential effects of prior SST, sea ice, and snow cover on
currence of more precipitation over the IAS region and higgummer precipitation over the SCS and IAS regions and re-
temperature anomalies over the YRV region is not due to &ted high temperature anomalies over the YRV region should
multaneous forcing of SST anomalies. Instead, the IAS pige addressed in the future.
cipitation, together with the SCS precipitation, plays am i
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