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The Impact of Indian Ocean Variability on High
Temperature Extremes across the Southern
Yangtze River Valley in Late Summer
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ABSTRACT
In this study, the teleconnection between Indian Ocean sea surface temperature anomalies (SSTAs) and
the frequency of high temperature extremes (HTEs) across the southern Yangtze River valley (YRV) was
investigated. The results indicate that the frequency of HTEs across the southern YRV in August is remotely
inﬂuenced by the Indian Ocean basin mode (IOBM) SSTAs. Corresponding to June–July–August (JJA)
IOBM warming condition, the number of HTEs was above normal, and corresponding to IOBM cooling
conditions, the number of HTEs was below normal across the southern YRV in August. The results of this
study indicate that the tropical IOBM warming triggered low-level anomalous anticyclonic circulation in the
subtropical northwestern Paciﬁc Ocean and southern China by emanating a warm Kelvin wave in August.
In the southern YRV, the reduced rainfall and downward vertical motion associated with the anomalous
low-level anticyclonic circulation led to the increase of HTE frequency in August.
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1.

Introduction

Extremely high temperatures can cause massive
deaths, large-scale catastrophic crop failures, and
shortages of water resources and power supplies
(Haines et al., 2006; McMichael et al., 2006). These
harmful eﬀects are most obvious for densely populated
regions, especially in the eastern part of China. For instance, daily mortality was signiﬁcantly above normal
in Shanghai during the summer heat waves in 1998
and 2003 (Tan et al., 2007). Thus, understanding the
∗ Corresponding

underlying causes and improving the forecast of such
extreme events are important society and the economy.
A number of studies have been performed on the
climatology and long-term trends in extreme temperature events in China. Using the Chinese observation
station data set of the period 1951–1999, Zhai et al.
(1999) and Su et al. (2006) detected a slightly decreasing trend in the number of hot days (Tmax > 35◦ C) in
the Yangtze River valley (YRV). Whereas, there was
an upward trend in the frequency and intensity of the
HTE events in the northern part of China (north of
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40◦ N). Recently, by analyzing the climatological aspect as well as variability of the number of hot days
in China during the period 1959–2008, Wei and Chen
(2009) suggested that the standard deviation and average of the number of hot days were largest across the
lower reaches of Yangtze River, with a maximum of 25
days in climatology and 15 days within standard deviation. The observational evidence gathered thus far
have indicated that the frequency of high temperature
extremes (HTEs) over eastern China shows signiﬁcant
variability on both the decadal and interannual time
scales. The large interannual variability of the frequency means that heat waves are more likely in some
years. For example, serious heat waves occurred in
Shanghai in 1998 and 2003 (Tan et al., 2007). However, the interannual variability of number of HTEs is
still not well understood.
The year-to-year variations of summer climate in
China are largely controlled by variability in the East
Asian summer monsoon (Huang, 2004). One of the key
factors contributing to this interannual variability are
the sea surface temperature anomalies (SSTAs; Yang
et al., 2007; Huang and Hu, 2008; Li et al., 2008; Xie et
al., 2009) due to the Indian Ocean basin mode (IOBM;
Klein et al., 1999; Saji et al., 1999). The mechanism
for this inﬂuence was revealed by Xie et al. (2009) and
can be demonstrated as follows. IOBM SST warming forces a Matsuno–Gill (Matsuno, 1966; Gill, 1980)
response in the tropospheric temperature. The warm
tropospheric Kelvin wave propagates into the western
Paciﬁc and induces Ekman divergence in the subtropical Northwest Paciﬁc Ocean (NWP), which in turn
leads to suppressed convection and an anticyclonic circulation near the surface. The NWP anticyclone, with
weak convection, leads to the summer rainfall anomalies in East Asia. Recent forecast experiments using
a coupled general circulation model (GCM) also conﬁrmed this tropical Indian Ocean teleconnection to the
NWP and East Asia summer climate (Chowdary et al.,
2009). Hence, the hypothesis that the IOBM pattern
SSTAs have some implications for HTEs in China, especially in eastern China, has been reiterated in the
present study.
The primary focus of this study was to delineate
the relationship between IOBM SSTAs and HTEs in
China and to reveal their underlying physical mechanism. This paper is organized as follows. The data
sets are described in section 2. The observational evidence of the close relationship between Indian Ocean
SSTAs and the HTEs across the southern YRV are
shown in section 3. The mechanism for the impact
of the IOBM SSTAs on HTEs in China is analyzed
in section 4. The main conclusions of this work are
summarized and discussed in section 5.

2.
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Data

The China daily maximum surface-temperature
data set used in this study is an updated homogenized
daily maximum and minimum temperature data set,
which includes 730 stations in China for the period
1960–2008. A detailed description was documented
by Li and Yan (2009). Following previous deﬁnition
of Wei and Chen (2009), we deﬁned an HTE as a day
when the maximum temperature was >35◦ C.
The global precipitation data set used in this
study was the monthly mean Climate Prediction Center (CPC) Merged Analysis of Precipitation (CMAP;
Xie and Arkin, 1997), which is available (resolution:
2.5◦ ×2.5◦ ) starting in January 1979.
The global outgoing long-wave radiation (OLR)
data was acquired from the Interpolated OLR data set
(Liebmann and Smith, 1996), provided by the National
Oceanic and Atmospheric Administration (NOAA).
This OLR data set has data available (resolution:
2.5◦ ×2.5◦ ) starting in January 1979.
The SST data used in this study was the HadISST1
(Rayner et al., 2003), provided by the Hadley Center.
This SST data set (resolution 1◦ ×1◦ ) and has data
available from 1870 forward.
This study used winds, vertical velocity, surface
sensible heat ﬂux, surface latent heat ﬂux, and air temperature from the National Centers for Environmental Prediction-National Center for Atmospheric Research (NCEP-NCAR) reanalysis data set (Kalnay et
al., 1996). The monthly mean temperature advection
at low levels derived from the NCEP daily winds and
temperature was also used in this analysis. These data
are available (resolution: 2.5◦ ×2.5◦ ) from 1948 forward.
To be consistent with the global precipitation data
set, our study mainly focused on the impact of the
IOBM on summer temperature anomalies in China
during the period 1979–2008. An IOBM index was
constructed by averaging the June–July–August (JJA)
SSTs over the domain within 20◦ S–20◦N, 40◦ –100◦E.
Throughout this study, analyses were performed for
interannual variations on time scales shorter than 8
years. A linear trend was subtracted from raw anomalies to remove long time-scale variations. For a 30-year
time series, a correlation coeﬃcient of 0.31 and 0.36
represented the 90% and 95% conﬁdence levels based
on the student t−test, respectively.
3.

The relationship between the IOBM and
HTEs in the southern YRV

Figures 1a–c show the correlation monthly HTEs
from Chinese observation stations with the IOBM in-
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Fig. 1. Correlation of IOBM index with the number of HTEs in (a) June, (b) July, (c) August and
(d) the JJA mean from the year of 1979 to 2008. The solid lines represent positive correlation and
dash lines represent negative correlation, and the line interval at 0.1 in correlation. The shade areas
denote 90% conﬁdence level.

dex from June to August during the period 1979–
2008. In June, a weak negative correlation was seen
in southern China, the eastern part of central China,
and Northeast China, and a weak positive correlation
was seen in most of northern China. In July, the correlation was still weak, but the pattern was obviously
diﬀerent from June, having a positive correlation in
the southern and eastern parts of China and a negative correlation in Northeast China and the western
parts of central China. In August, by contrast, there
were signiﬁcant positive correlations in the southern
YRV and the coastal region of eastern China, with
the maximum coeﬃcient >0.5. Among the correlation maps of these 3 months, it is important to note
that correlation coeﬃcients in the southern and eastern parts of China shifted from negative values in June
to signiﬁcantly positive values in August, suggesting
that IOBM-induced HTE anomalies in the eastern and
southern parts of China were not homogeneous during
summer. Meanwhile, we calculated the correlation of
mean HTEs in JJA with the IOBM index, which had
a similar pattern but weaker correlation coeﬃcients
compared with those in August. These results demonstrate that it was necessary to divide the summer into

the early summer (June), mid-summer (July), and late
summer (August) when investigating the impacts of
the IOBM on HTEs in China.
To further delineate the relationship between the
IOBM and HTEs in the southern YRV, we calculated the number of HTEs [the average from all of
the observation stations in the southern YRV (25◦ −
−29◦ N, 112◦–121◦ E)] in three scenarios: the climatology, IOBM warming years, and IOBM cooling years.
One standard deviation signiﬁed an anomalous year.
There were ﬁve IOBM warming years (1983, 1987,
1988, 1998, and 2003) and four cooling years (1984,
1985, 1989, and 2000) during the period 1979–2008.
In Fig. 2, the HTEs in the southern YRV were conﬁned to July and August. Moreover, the number of
HTEs in each month was diﬀerent in these three scenarios. In climatology, there were 3 HTEs in June,
15 HTEs in July, and 8.7 HTEs in August. In IOBM
warming years, there were 2 HTEs in June, 17 HTEs
in July, and 13.5 HTEs in August. For the cooling
years, there were 3 HTEs in June, 12 HTEs in July,
and 5.7 HTEs in August. Apparently, the diﬀerence
of HTEs between Indian Ocean warming and cooling
scenarios was most prominent in August. The results
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Fig. 2. Monthly number of HTEs in Climatology scenario (light blue), IOBM warming scenario (red) and
IOBM cooling scenario (dark blue) in each month in the
southern YRV, averaged in the region (25◦ –29◦ N, 112◦ –
121◦ E).
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were closely related to IOBM SSTAs.
The spatial distribution of HTEs in China in August, the climatology and standard deviation of HTEs
in August were examined (Figs. 3a and b, respectively). In addition to Northwest China, the largest
HTEs were located in the southern and eastern parts
of China, especially the southern YRV. Meanwhile,
the largest standard deviations were also distributed
in the southern YRV, with standard deviation ∼5
days. Thereby, the southern YRV was more vulnerable to HTEs during August. This relationship between
IOBM SSTAs and HTEs in the southern YRV in August is an important one to study. In this study, two
questions were proposed: First, what was the mechanism of the IOBM SSTAs impact on HTEs in the
southern YRV? Second, why was this inﬂuence most
signiﬁcant in August? These two questions are discussed in the next section.
4.

The possibility of a remote teleconnection
from the tropical Indian Ocean to HTEs in
the southern YRV

We studied the above two questions using three
steps. First, we investigated the process of how IOBMpattern SSTAs impact low-level circulation anomalies
in East Asia. Secondly, we investigasted how IOBMinduced East Asia circulation anomalies impact HTEs
in the southern YRV in August. Last, we studied the
seasonal marches of IOBM-induced circulation anomalies in East Asia, and their impact on HTEs in the
southern YRV from June to August.
4.1

Fig. 3. (a) Climatology (average from 1979 to 2008) of
the number of day with HTEs (with the maximum temperature greater than 35◦ C) across China in August. (b)
The distribution of the standard deviation of HTEs in
August over the period of 1979 to 2008. The diameter
of a mark is proportional to the number of HTEs. The
scales are shown in the bottom of panel.

were consistent with the correlation analysis in Fig. 1,
indicating that the August HTEs in the southern YRV

The impact of IOBM SSTAs on East Asia
circulation anomalies in August

The previous study of Xie et al. (2009) illustrated
that IOBM SSTAs could aﬀect the East Asian summer
climate by propagating Kelvin waves. In this study, we
investigated the impact of the IOBM on East Asian
circulation anomalies in August. We calculated the
correlations of 850-hPa wind velocity and tropospheric
temperature (vertically averaged from 850 hPa to 200
hPa) in August with the IOBM index. As Fig. 4
shows, when Indian Ocean basin was warming, tropospheric temperature occurred in a Matsuno–Gill pattern, with the maximum correlation over the tropical Indian Ocean. A warm Kelvin-wave wedge penetrated into the western Paciﬁc along the equator, with
a pronounced anticyclonic circulation on its northern
ﬂank. With a low-level cyclonic circulation over central Japan, Korea, and Northeast China, a wave train
propagated to a high latitude, signaling teleconnection
like that of an East Asia–Paciﬁc (EAP) teleconnection
(Huang and Wu, 1989) and of a Paciﬁc–Japan telecon-
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IOBM-patterned SSTAs prominently aﬀected the lowlevel circulation anomalies and precipitation anomalies
over East Asia in August.
4.2

Fig. 4. Correlation with the IOBM index: precipitation
(color) and tropospheric temperature (vertical average
from 850 hPa to 200 hPa; contours) and regression of
IOBM index on wind at 850 hPa (vectors) in August for
the period of 1979 to 2008. Wind vectors denote the 90%
conﬁdence level.

nection (Nitta, 1987). Coupling with the circulation anomalies, the precipitation was below normal
in southern China, and the surrounding seas where
were controlled by anomalous anticyclones, and precipitation was above normal in the tropical Indian
Ocean and central Japan. The results suggest that the

The factors contributing
induced HTEs in August

to

IOBM-

HTEs are often caused by less precipitation,
long-term sustaining circulation anomalies, radiation
anomalies, and atmospheric downward motion. For
example, the serious heat wave in Europe during 2003
was due to persistent anticyclonic conditions, lack of
precipitation, radiation anomalies, downward motion
and land–atmosphere feedback from May to August
(Black et al., 2004; Fischer et al., 2007). Here, we
investigated the IOBM-induced HTEs with regard to
these factors.
Figures 5a and b show the correlation of IOBM index with precipitation, outgoing long-wave radiation
(OLR) in August. The IOBM-precipitation correlation and IOBM-OLR correlation values were almost
reversed signs. When we examined the southern YRV,
this out-of-phase relationship was weak (shown in the
rectangle in Fig. 5a). There were signiﬁcant negative correlations between the IOBM index and precipitation, but there was a weak correlation between
the IOBM index and the OLR. The negative correla-

Fig. 5. Correlation of IOBM index with (a) precipitation, (b) outgoing longwave radiation, (c)
surface sensible heat ﬂux and (d) surface latent heat ﬂux in August over the period 1979 to 2008.
The rectangles in panel represent the region of the southern YRV.
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tion between the IOBM index and precipitation was
signiﬁed by the lack of rainfall in the southern YRV
when the Indian Ocean was in its warming phase. And
lack of rainfall may have contributed to the increase
of HTEs in the southern YRV. Analogously, the lack
of precipitation contributed to the heat wave in Europe in 2003 through changes in the land–atmosphere
feedback (Fischer et al., 2007). Then, the lack of rainfall resulting from IOBM SSTAs was one of the factors
contributing to HTEs in August. The weak correlation
between IOBM and OLR suggests that the contributions of the IOBM-induced OLR to HTEs were weak
(Fig. 5b). Figure 5c shows the correlation of IOBM
with surface sensible heat ﬂux (SHF) in August. The
IOBM–SHF correlation pattern displays a signiﬁcant
triple structure from the South China Sea to higherlatitude regions, with positive correlations in the South
China Sea and Northeast China and negative correlations in Japan and its nearby ocean. However, the
correlation between IOBM and SHF were not signiﬁ-
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cant in the southern YRV, suggesting a weak impact of
IOBM-induced sensible heat ﬂux anomalies on HTEs
in the southern YRV. Figure 5c shows the correlation
of the IOBM index with SHF in August. There were
signiﬁcantly positive correlations in the western part
of the southern YRV. However, because the anomalies
of SHF mainly represent the change in local evaporation, it is unclear whether or not the IOBM-induced
SHF inﬂuenced local low-level air temperature.
The vertical temperature advection and horizontal
temperature advection associated with IOBM SSTAs
are shown in Figs. 6a and b. Like the data represented
in Fig. 2, we chose ﬁve IOBM warming years and four
IOBM cooling years, which were the same as those in
section 3. We calculated daily horizontal and vertical
temperature advection values in August, and we averaged them in the IOBM warming scenario and cooling scenarios, respectively. The diﬀerences of vertical and horizontal temperature advection between the
IOBM warming scenario and the IOBM cooling sce-

Fig. 6. The distribution of the diﬀerence of monthly mean low levels (vertical average from 1000
hPa to 850 hPa, units: K d−1 ) (a) horizontal temperature advection (units: K d−1 ), (b) vertical
temperature advection (units: K d−1 ), (c) their sum and (d) air temperature (units: K) between
IOBM warming scenario and cooling scenario.
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nario signiﬁed the IOMB-induced temperature advection anomalies. Because the terrain is complex in the
southern YRV, we calculated vertical averages from
1000 hPa to 850 hPa to represent the low-level anomalies.
Figure 6a shows the IOBM-induced horizontal temperature advection anomalies at low levels. In the East
Asia, the IOBM-induced horizontal temperature advection anomalies were characterized as wave structures extending northeastward from the Indochina
peninsula to northern Japan. Negative temperature
advection values occurred in the Indochina peninsula;
positive values occurred in southwest China; negative
values occurred in the southern YRV and positive values occurred in the belt from 30◦ N to 37◦ N; and negative values in the eastern part of Northeast China and
northern Japan. These wave-like structures were associated with the EAP/PJ teleconnection pattern, with
similar low-level circulation anomalies over East Asia
resulting from SSTAs similar to an IOBM pattern. Focusing on the southern YRV, we observed a negative
horizontal temperature advection belt over these regions of < −0.1 K d−1 . These results suggest that
IOBM-induced, low-level, horizontal, temperature advection anomalies were not conducive to the increase
of HTEs in the southern YRV region during August.
The IOBM-induced low-level vertical temperature
advection anomalies are illustrated in Fig. 6b; they
were also characterized as wave structures extending
northward from the tropical western Paciﬁc to high
latitudes. Apparently, the structure of IOBM-induced
vertical temperature advection anomalies was, to some
extent, out of phase with horizontal temperature advection anomalies, especially in the coastal region of
East Asia. For instance, they were above normal in
the northern part of the Indochina peninsula, below
normal in southwestern China, above normal in the
southern YRV region, and below normal in the Bohai Sea, Korea, and Japan. Notably, in the southern
YRV, the IOBM-induced, low-level, vertical temperature advection anomalies had larger amplitudes than
did horizontal temperature advection anomalies, but
with reversed signs. The positive IOBM-induced vertical temperature advection anomalies contributed to
the increase of HTEs in the southern YRV during August.
The sum of vertical and horizontal temperature
advection anomalies are shown in Fig. 6c. In tropical and subtropical regions, the pattern of total temperature advection anomalies was similar to the pattern of vertical temperature advection anomalies. In
mid-latitudes, by contrast, the structure of total temperature advection anomalies was similar to the pattern of horizontal temperature advection anomalies.
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The results illustrate that the IOBM-induced vertical temperature advection anomalies were more prominent than were the horizontal temperature advection
anomalies in tropical and subtropical regions, and
their contrasting values were reversed in mid-latitude,
possibility because the horizontal temperature gradient are larger in mid-latitude regions than subtropical. Notably, for the the southern YRV, the IOBMinduced total temperature advection anomalies were
>0.3 K d−1 over most of the region. The results suggest that IOBM-induced low-level horizontal and vertical temperature advection anomalies oﬀset each other
in the southern YRV, but that the vertical temperature advection anomalies were more prominent.
Moreover, we calculated the IOBM-induced lowlevel temperature anomalies during August (Fig. 6d).
Apparently, the pattern of low-level temperature
anomalies was consistent with total low-level temperature advection anomalies, with cooling anomalies in
the tropical western Paciﬁc and mid-latitudes of East
Asia, and warming anomalies over the South China
Sea and the southern YRV, indicating that IOBMinduced low-level temperature anomalies mainly resulted from the temperature advection anomalies.
Previous studies have revealed that the increase of
climatologic temperature is closely related to enhanced
HTEs. Thus, it was reasonable to study the impact of
IOBM SSTAs on HTEs by examining IOBM-induced
temperature anomalies. When the IOBM was warming, the low-level temperature was above normal in
August over the southern YRV region, which was consistent with the increase of HTEs in this region. The
low-level warming anomalies in the southern YRV were
mainly due to vertical temperature advection anomalies. Meanwhile, the IOBM-induced precipitation and
OLR were investigated, and our results show that the
precipitation over the southern YRV was below normal when the IOBM was warming. Following these
previous studies, the lack of rainfall may have contributed to HTEs by modulating land–air interactions.
Furthermore, the precipitation anomalies and low-level
temperature advection anomalies were associated with
the circulation anomalies resulting from IOBM SSTAs.
Based on this investigation, we propose that the
possible mechanism for the impact of IOBM-pattern
SSTAs on China’s surface temperature as follows. The
IOBM SSTAs emanated a warm Kelvin wave into the
Paciﬁc in August. The Kelvin wave triggered suppressed convection and anomalous anticyclone circulation over the Northwest Paciﬁc and southern China.
In the southern YRV, anomalous anticyclone circulation contributed to above-normal low-level temperatures and the lack of rainfall through temperature advection and downward motion. And the warmer-than-
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normal, low-level temperature and the lack of rainfall
led to an increase in HTEs.
4.3

The reason that IOBM-induced HTEs
were most prominent in August

The preceding section proposed a possible mechanism for the impact of IOBM pattern SSTAs on HTE
anomalies in the southern YRV. But the reason that
the impact of IOBM on HTE anomalies was most
prominent in August is clariﬁed in this section.
To delineate the detailed evolution of IOBMinduced NWP anticyclone and precipitation anomalies, longitudinal averages of precipitation and 850-hPa
wind ﬁelds were computed at 5-d intervals. At a given
latitude between the equator and 45◦ N, these averages
were taken over a band with 20◦ longitudinal width
(110◦ –130◦E). The regression of 10 consecutive days
and longitudinal average 850-hPa wind on the IOBM
index and corresponding IOBM–precipitation correlation were plotted as a function of time and latitude
(Fig. 7).
From 5 May to 30 September, there were three active periods of IOBM-induced anticyclone: 5–25 May,
10 June–5 July, and 25 June–1 September. In addition
to this active–inactive–active character, the IOBMinduced anticyclone also featured a prominent northward march: the northern ﬂank of this anomalous anticyclone leaped from ∼25◦ N to ∼30◦ N during early
June, and it leaped from about 30◦ N to 35◦ N during
late July. Corresponding to northward marching of the
anomalous anticyclones, the IOBM-induced precipitation anomalies also extended northward from May to
August. Generally speaking, above-normal precipitation was located in the northern ﬂank of the anomal-

Fig. 7. Correlation of longitudinal averages of precipitation (color) over the 110◦ –130◦ E with IOBM index and
regression of longitudinal averages of 850-hPa wind (vectors) over the 110◦ –130◦ E on IOBM index during the period 1979–2008 with latitude (ordinate) and pentad from
6 May to 21 September (abscissa). Patterns are based on
a running average over 10 consecutive days.
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ous anticyclone for moisture conveyance, and belownormal rainfall was suited in the ridge of the anticyclone for subsidence motion. Previous studies (Xie
et al., 2009) revealed that IOBM SST warming was
able to excite JJA mean anticyclone anomalies. In
this study, these IOBM-induced anticyclones demonstrated prominent intraseasonal variation from early
summer to late summer. Moreover, the time–latitude
evolution of IOBM-induced circulation and precipitation anomalies was not continuous but had northward
leaping and an active–inactive phase. Notably, the
active–inactive phase change did not accurately correspond to calendar months. However, the second and
third active phases of the IOBM-induced anticyclone
and precipitation anomalies mainly occurred in June
and August, and an inactive phase mainly occurred in
July. Thus, it was reasonable to consider the impact
of IOBM SSTAs on HTEs in June, July, and August,
respectively.
When we examined the band from 24◦ to 30◦ N
where the southern YRV was located, we noticed increased precipitation from 10 June to 5 July and reduced rainfall from 26 July to 1 September. The
change of rainfall anomalies in this band was consistent with the northward march of the anomalous anticyclone. The results suggest that the southern YRV
was controlled by the ridge of an IOBM-induced anticyclone from 25 July to 1 September, but they were
controlled by the northern ﬂank of an anticyclone from
10 June to 5 July. Based on the seasonal march of
IOBM-induced precipitation and circulation anomalies, we investigated the impact of IOBM SSTAs on
HTEs in the southern YRV in each month of summer. In June, the southern YRV was controlled by the
northern ﬂank of an anomalous anticyclone; the abovenormal precipitation was not conducive to HTEs. In
August, by contrast, the southern YRV was controlled
by the ridge of an anomalous anticyclone, and the corresponding downward vertical motion and lack of rainfall were conducive to HTEs. Thus, the correlation
between the IOBM index and the number of HTEs
over the southern YRV was negative in June, but this
value was signiﬁcantly positive in August. In midJuly, the IOBM-induced anticyclone anomalies were
inactive. Then, the impact of IOBM SSTAs on HTEs
was weak.
5.

Summary and discussion

We investigated the relationship between tropical
IOBM SSTAs and the frequency of HTEs in China
during summer. The results show that the relationship between the IOBM index and the number of
HTEs across the southern YRV was most prominent
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in August. Thereby, two questions were investigated
in present study. First, how did the IOBM SSTAs
impact the frequency of HTEs in the southern YRV?
Second, why was the relationship between the IOBM
index and the frequency of HTEs most prominent in
August?
When the IOBM was warming, the tropospheric
temperature anomalies displayed a Matsuno–Gill pattern corresponding to local SSTAs in August. The
associated warm Kelvin ridge triggered low-level
anticyclone anomalies over the NWP and southern China through Kelvin wave-induced Ekman divergence (WIED). The IOBM-induced anticyclone
anomalies reduced precipitation and warm temperatures in the low-level troposphere in the southern
YRV through downward vertical motion during August. Thus the frequency of HTEs in the southern
YRV during August was above normal, when tropical
IOBM was warming.
The IOBM-induced anomalous anticyclone had
two active phases and marched northward from June
to August. From June to early July, the southern YRV
was located in the northern ﬂank of IOBM-induced
anomalous anticyclone, and rainfall increased. In midJuly, the IOBM-induced anticyclone anomalies were
in an inactive phase. From late-July to August, the
southern YRV was located on the ridge of IOBMinduced anomalous anticyclone, and rainfall amounts
decreased. Thus, the impact of IOBM SSTAs on the
frequency of HTEs in the southern YRV was most
prominent in August.
This study focused on the impact of tropical Indian Ocean SSTAs on the frequency of HTEs in China
through low-level circulation anomalies. The tropical
Indian Ocean SSTAs may also have been able to inﬂuence the South Asia High (Yang et al., 2007; Huang et
al., 2010), which may in turn have had implications for
the HTEs through modulating upper-level circulation.
The tropical Indian Ocean may also have exerted a signiﬁcant inﬂuence on the temperatures of other parts
of China, such as Northeast China (Hu et al., 2011).
Moreover, the SSTAs in other regions also contributed
to the variability of China circulation and temperature
anomalies (Zhou and Chan, 2007; Wu et al., 2010).
Prediction of the frequency of HTEs in China may
also need to be comprehensively understood in terms
of the contributions of diﬀerent ocean and tropical intraseasonal oscillations (Zhou and Chan, 2005), which
deserve further study.
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