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ABSTRACT
Observational analysis indicates that the East Asian jet stream consists of two separate branches: the East Asian
subtropical jet (EASJ) and the East Asian polar front jet (EAPJ). The impacts of different intensity configurations
of the EASJ and EAPJ on precipitation during the mei-yu season are investigated using the NCEP–NCAR
Reanalysis Project (NNRP) dataset and daily gauge observations in East China. The intensity and location of
precipitation are associated with different configurations of the EASJ and EAPJ. Precipitation intensity increases
with intensification of the EASJ and EAPJ. The rainband is located to the north of the mei-yu region when the
EASJ intensifies and the EAPJ weakens. Further analyses indicate that the intensity changes of the EASJ and
EAPJ are linked to the cold and warm airmass activities. For cases with strong EASJ and EAPJ, both the warmmoist and cold air masses are active. When the warm-moist and cold air masses meet near 308N, abundant
precipitation occurs in the Yangtze-Huai River basin (YHRB). For cases with weak EASJ and EAPJ, both the
cold and warm-moist air masses are inactive, and no significant precipitation occurs in the YHRB. For cases with
strong EASJ and weak EAPJ, the warm-moist air mass moves northward while the cold air mass is weak. Precipitation concentrates to the north of YHRB. For cases with weak EASJ and strong EAPJ, cold air extends
farther south while the warm-moist air mass is inactive. Precipitation occurs to the south of YHRB.

1. Introduction
East Asia is under the strong influence of the summer
monsoon. The intense monsoon precipitation that occurs in early summer is known as ‘‘mei-yu’’ in China,
‘‘baiu’’ in Japan, and ‘‘changma’’ in the Koreas (Tao and
Chen 1987). The mei-yu precipitation usually accounts
for more than 20% of the annual precipitation and
sometimes exceeds 50% in the Yangtze-Huai River
basin (YHRB; 288–348N, 1108–1228E; Wang et al. 2005),
which is the most densely populated region in China.
While the mei-yu precipitation is a vital water resource
for this region, anomalies in mei-yu precipitation especially anomalies in precipitation intensity and rainband location can lead to catastrophic floods and/or
droughts in the YHRB (Chen and Chang 1980; Lau
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et al. 1988; Ding 1992; Chang 2004; Zhou et al. 2009).
The study of mei-yu precipitation is important for disaster prevention and water resource management in
the YHRB.
During the mei-yu season, large-scale atmospheric
circulation is characterized by distinct features. In the
upper troposphere, the strong westerly flow is located
around 378N while in the midtroposphere, the western
Pacific subtropical high (WPSH) extends westward to
reach the continent with the WPSH ridge line remaining at 208–258N steadily. In the lower troposphere at
850 hPa, the warm and moist southwesterly flows originated from the Indo-China Peninsula, from the South
China Sea, and from the western Pacific Ocean are
dominant over East China (Huang et al. 2011). These
synoptic systems have important influences on the mei-yu
precipitation. Numerous studies in the literature have
described the impact of synoptic circulations in the midto lower troposphere on the mei-yu precipitation
(Akiyama 1973; Chen and Yu 1988; Kodama 1992). In
the upper troposphere, the East Asian jet system is an
important circulation system, which acts as a bridge for
the eastward propagation of upstream signals (Hoskins
and Ambrizzi 1993; Ambrizzi et al. 1995; Lu et al.
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2002; Enomoto 2004; Ding and Wang 2005; Yasui and
Watanabe 2010; Chen et al. 2013) and imposes strong
influence on the weather and climate over East Asia
(Gong et al. 2001; Yang et al. 2002; Gong and Ho 2003).
Changes and variations in the East Asian jet stream
provide valuable guidance for the weather and climate
predictions.
According to the observational data analyses, the East
Asian jet system consists of two separate branches: the
East Asian subtropical jet (EASJ) and the East Asian
polar front jet (EAPJ). The EASJ is strong and steady,
while the EAPJ has significant transient characteristics
(Lee and Kim 2003). Most previous studies have focused
on the relationship between the EASJ and mei-yu precipitation. The beginning of the mei-yu season is characterized by an abrupt northward jump of the EASJ
from 328N to north of 358N (Ye et al. 1958; Li et al.
2004), while the abrupt northward jump of EASJ from
408N to north of 458N marks the end of the mei-yu
(Ninomiya and Muraki 1986; Lin and Lu 2008). The
meridional position of the EASJ is closely related to
the mei-yu precipitation pattern (Lau et al. 2000; Lu
2004; Kuang and Zhang 2006; Xuan et al. 2011). The
location of EASJ core shows distinct zonal variation
during the mei-yu season (Zhang et al. 2006; Du et al.
2008). The environmental forcing by the EASJ plays
an important role in the formation and maintenance of
the mei-yu rain belt (Sampe and Xie 2010; Zhang and
Zhou 2012). Although less attention has been paid to
the EAPJ, it is found that the seasonal evolution
of EAPJ is also linked with the East Asian summer
monsoon (Zhang et al. 2008). The seasonal variations
in EASJ and EAPJ are both closely related to the meiyu precipitation.
Recently, more high-resolution data are available for
studies to investigate the seasonal variation in the EAPJ
and describe precisely the jet core positions. The geographical border between the EASJ and EAPJ becomes
clear (Ren et al. 2010, 2011). Some studies discuss the
weather and climate episodes from the point of view of
concurrent variations between the EASJ and EAPJ.
Both climatological studies and single case investigations
have revealed that the concurrent variations between the
EASJ and EAPJ have a significant impact on the East
Asian winter weather and climate (Zhang and Xiao
2013; Liao and Zhang 2013). While the above studies are
limited to winter, the relationship among the concurrent
variations of the EASJ and EAPJ, the East Asian summer circulation systems, and the mei-yu precipitation still
remains unclear. In this study, we attempt to examine the
effects of different configurations of the EASJ and EAPJ
on the precipitation intensity and spatial pattern during
the mei-yu season in summer.

The paper is organized as follows. Section 2 provides
a brief introduction of the data used in this study.
Section 3 describes the key areas for the EASJ and
EAPJ. The precipitation features associated with different configurations of the EASJ and EAPJ are illustrated in section 4. Section 5 shows the associated
circulation distributions. The activities of warm-moist
and cold air masses with different configurations of EASJ
and EAPJ are shown in section 6. Conclusions are given
in the final section.

2. Data
The daily zonal and meridional wind, temperature,
geopotential height, and specific humidity are extracted
from the National Centers for Environmental Prediction–
National Center for Atmospheric Research (NCEP–
NCAR) Reanalysis Project (NNRP) for the time period
1960–2009 (Kalnay et al. 1996). The NNRP is a gridded
dataset with 2.58 3 2.58 horizontal resolution and 17
pressure levels in the vertical. The precipitation observations at 738 stations over the same period provided by
the National Meteorological Information Center of
China are also used in this study.
The starting and ending dates of the mei-yu season
show significant interannual variability. The climatologically mean mei-yu season in China starts after pentad 34 and ends after pentad 38. Hence, we choose the
time period from 20 June to 10 July as the climatological
mei-yu season.
The statistic calculation of jet center occurrence numbers is performed over the region of 208–758N, 608–1608E.
If one specific point satisfies the following conditions:
1) the wind speed is larger than 25 m s21 and 2) the wind
speed at the eight adjacent grid points surrounding this
specific point is less than that at this point, then the location of this point is identified as a jet center.

3. Key areas for the EASJ and EAPJ
To characterize the jet intensity changes, two separate
key areas are defined for the EASJ and EAPJ, respectively. The jet intensity indices are calculated according to the wind speed over the key areas. Figure 1 shows
the latitude–time cross section of 300-hPa wind averaged along 808–1408E. It is clear that there exist two
regions with large wind speed during the mei-yu season:
one is located at 378N and the other is situated at around
658–708N. They correspond to the locations of the EASJ
and EAPJ, respectively. The average wind speed and jet
center occurrence numbers at 300 hPa during the mei-yu
season are given in Fig. 2. Based on wind speed and jet
center occurrence numbers, two regions over 358–408N,
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FIG. 2. Spatial distributions of wind (contour) and jet center
occurrence numbers (shaded) at 300 hPa during the mei-yu season.
FIG. 1. Latitude–time cross section of the 300-hPa wind averaged
along 808–1408E.

1008–1408E and 62.58–72.58N, 808–1408E are identified
as the key areas for EASJ and EAPJ, respectively. The
daily area average wind speeds at 300 hPa over the key
areas are defined as the daily intensity indices for EASJ
(index SJ) and EAPJ (index PJ). Since the wind speed of
the EASJ is much larger than that of EAPJ, the standardized index PJ and index SJ are used to evaluate the
intensity and variation of the jets by the same standard.
Index PJ and index SJ used hereafter are standardized
values.

4. Effects of different configurations of the EASJ
and EAPJ on precipitation
The features of the mei-yu are characterized by precipitation intensity and spatial distribution. Here we

analyze the effect of different configurations of the two
jets on mei-yu precipitation intensity and rainband location in the YHRB. Mei-yu precipitation intensity in
the YHRB is the average precipitation intensity of all
stations in YHRB. Mei-yu rainband location is identified as the average latitude of rainy stations in YHRB.
First, the individual variations of the EASJ and EAPJ
and their impact on the mei-yu precipitation are investigated. Figure 3 presents the daily precipitation intensity in YHRB versus individual variations of the
EASJ and EAPJ intensities. The correlation coefficient
between precipitation intensity and index SJ (index PJ)
is 0.32 (0.28), which is significant at 5% confidence level.
It reveals that the precipitation intensity increases with
intensification of the EASJ and EAPJ. Figure 4 shows
the daily rainband location in YHRB versus individual
variations of the EASJ and EAPJ intensities. The

FIG. 3. Daily precipitation intensity changes in YHRB with index-SJ and index-PJ variation.
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FIG. 4. Daily precipitation area changes in YHRB with index-SJ and index-PJ variation.

correlation coefficient between rainband location and
index SJ (index PJ) is 0.20 (20.21), significant at the 5%
confidence level. It is found that the mei-yu rainband
tends to shift northward when the EASJ intensifies but
the EAPJ weakens.
Since the EASJ and EAPJ both belong to the East
Asian jet system, and the independent variation of EASJ
or EAPJ has effect on mei-yu precipitation, different
combinations of their configurations may have various
influences on mei-yu precipitation. Here we analyze the
effects of concurrent variation of the EASJ and EAPJ on
mei-yu precipitation. Based on various intensities of the
EASI and EAPJ, four situations are identified as follows:
1) a strong EASJ accompanying a strong EAPJ (index
SJ $ 0.5 and index PJ $ 0.5, SS); 2) a strong EASJ accompanying a weak EAPJ (index SJ $ 0.5 and index PJ #
20.5, SW); 3) a weak EASJ accompanying a strong EAPJ
(index SJ # 20.5 and index PJ $ 0.5, WS); and 4) a
weak EASJ accompanying a weak EAPJ (index SJ #
20.5 and index PJ # 20.5, WW). There are a total
number of 113, 93, 88, and 136 days corresponding to
the above four situations separately during the period
1960–2009.
Spatial distributions of daily precipitation in East
China under the above four situations of the EASJ and
EAPJ configurations are presented in Fig. 5. For the
SS situation, abundant precipitation occurs over the
central YHRB. The maximum precipitation occurs along
the Yangtze River Valley, and the precipitation rate exceeds 15 mm day21 (Fig. 5a). For the SW situation, precipitation is concentrated in the northern YHRB, and
the maximum precipitation rate is over 13 mm day21
(Fig. 5b). For the WS, precipitation that exceeds
11 mm day21 mainly appears in southern YHRB (Fig.

5c). For WW cases, precipitation is concentrated in
southern China and little precipitation occurs in the
YHRB (Fig. 5d).

5. Circulation patterns with different
configurations of the EASJ and EAPJ
Circulations with different configurations of the EASJ
and EAPJ are examined in this section. Low-latitude
circulation systems and mid- to high-latitude circulation
systems both have significant impacts on mei-yu precipitation. The spatial distributions of geopotential height
and geopotential height anomalies at 500 hPa under different configurations of the EASJ and EAPJ show large
differences (Fig. 6). For the SS situation, the WPSH is
strong and extends westward to 1228E. Synoptic circulation in the mid- to high latitude shows a typical ridge–
trough–ridge pattern: two positive anomalies appear
over the Ural Mountains and Okhotsk Sea, and a negative anomaly exists in between. For the SW situation, the
WPSH shifts northward and westward than its normal
position. The Okhotsk Sea and Lake Baikal region is
controlled by a negative anomaly. For the WS situation,
the WPSH shifts eastward to the ocean. Mid- to highlatitude circulation shows a trough–ridge pattern: a negative
anomaly exists in Ural Mountains and a positive anomaly
appears over the Lake Baikal and Okhotsk Sea. For the
WW situation, the WPSH is weak. The mid- to highlatitude region of Asia is controlled by negative anomalies. A positive anomaly appears over northeast China.
The appearance of mid- to high-latitude blocking
highs is largely associated with the existence of cold
air and shows a positive correlation with precipitation
amount (Wang 1992; Li and Ding 2004). In this paper,
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FIG. 5. Spatial distribution of daily precipitation in eastern China (mm day21) with
different configurations of the EASJ and EAPJ: (a) strong EASJ and strong EAPJ, (b)
strong EASJ and weak EAPJ, (c) weak EASJ and strong EAPJ, and (d) weak EASJ and weak
EAPJ.

the blocking high detection algorithm follows the one
adopted by Barriopedro et al. (2006). Blocking high
occurrence numbers on different longitude with different configurations of the EASJ and EAPJ are given
in Fig. 7. For the SS situation, blocking highs appear
most often in 1208–1608E and 608–808E. For the SW
situation, the occurrence number of blocking high is
small. For the WS situation, blocking occurs most
frequently in 1208–1608E. For the WW situation,
blocking highs mainly located in 408–808E. So the
different configurations of the EASJ and EAPJ correspond to different circulation patterns in the mid- to
high latitude.

In general, the 340-K contour of the pseudoequivalent potential temperature (use) in 850 hPa can
illustrate the northern frontier of the monsoon air mass
(Wu 1999). Figure 8 presents the spatial distributions of
the 340-K contour of use at 850 hPa with different
configurations of the EASJ and EAPJ. The 340-K contour of use is located farther north for cases under the SW
situation, namely the monsoon air mass advances farther north. This is consistent with the location of the
mei-yu rainband in Fig. 5b. For the WS cases, the 340-K
contour of use is in a southern position, corresponding
with the strong precipitation in southern YHRB
(Fig. 5c).

Unauthenticated | Downloaded 01/09/23 07:44 AM UTC

1 SEPTEMBER 2014

6665

LI AND ZHANG

FIG. 6. Spatial distribution of geopotential height (contour) and geopotential height anomalies (shaded) at 500 hPa
with different configurations of the EASJ and EAPJ: (a) strong EASJ and strong EAPJ, (b) strong EASJ and weak
EAPJ, (c) weak EASJ and strong EAPJ, and (d) weak EASJ and weak EAPJ.

6. Warm/cold airmass activities with different
configurations of EASJ and EAPJ
Generally speaking, mei-yu precipitation formation is
associated with the confluence of warm and cold air
masses. Some previous studies have focused on warm
and cold airmass activities (Shinoda et al. 2005; Yao
and Yu 2005), but no large-scale circulation indicator
can be used to quantify the intensities of the warm and
cold air masses. In this study, we analyze the relationship
between the EASJ and EAPJ and the cold/warm airmass
activities. It is found that index SJ and index PJ can reflect
the intensities of the warm and cold air masses. We also
analyze activities of the cold and warm air masses with
different configurations of the EASI and EAPJ.
To analyze the relationship between the EASJ and
warm airmass activity, we select 18 cases in which the
intensity of the EASJ varies from weak to strong. Figure 9
shows the changes of the EASJ intensity index (index
SJ) with time for the 18 selected cases. The time for
a weak EASJ to intensify into a strong one is about 5 days,
hence, the time series of daily EASJ intensity index for
a 5-day period is plotted in Fig. 9. The activity of a warm
air mass in these cases is then examined. Warm airmass
activity and its intensity are characterized by 24-h

temperature and specific humidity changes in the lowlatitude area. Meridional-vertical cross sections of daily
temperature and specific humidity changes averaged
from 1108 to 1208E for the consecutive 4 days are shown
in Fig. 10. On the first day, the warming center is located
at about 258–278N and the maximum warming value
appears in 925 hPa with a temperature rise of about
0.258C. The humidity increase center is situated in 308N.
At the second day, the warming center is located at 298–
308N and the maximum value appears in 850 hPa with
a temperature increase of about 0.358C. The humidity
increase center is situated in 338N. On the third day, the
warming center moves northward to 318N with temperature rise of about 0.28C. The humidity increase
center progresses to north of 358N. At the fourth day, the
warming center continues to move northward to 338N
and the maximum value occurs at the ground level with
a temperature increase of more than 0.358C. The humidity increase center is situated in 378N. The above
results indicate that the warm air mass in the lower
troposphere advances northward when the EASJ intensifies, the EASJ is closely linked to the activity of the
warm air mass.
Twelve cases are selected for the study of relationship
between the EAPJ intensity and the cold airmass
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FIG. 7. Blocking high numbers on different longitude with different configurations of the EASJ and EAPJ:
(a) strong EASJ and strong EAPJ, (b) strong EASJ and weak EAPJ, (c) weak EASJ and strong EAPJ, and (d) weak
EASJ and weak EAPJ.

activity. The intensity of the EAPJ in the 12 cases varies
from weak to strong. Figure 11 describes the changes of
EAPJ intensity index (index PJ) with time in 12 cases.
The process for a weak EAPJ to intensify into a strong
one lasts for about 6 days. The activity of the cold air
mass in these cases is examined. The 24-h temperature
changes in the mid- to high latitude can indicate the
activity of the cold air mass. Meridional-vertical cross

FIG. 8. Spatial distribution of 340-K use isoline at 850 hPa with
different configurations of the EASJ and EAPJ (black line: strong
EASJ and strong EAPJ, red line: strong EASJ and weak EAPJ,
blue line: weak EASJ and strong EAPJ, and yellow line: weak
EASJ and weak EAPJ).

sections of daily temperature changes averaged from
1108 to 1208E are shown in Fig. 12. At the first day, the
cooling center is located at 558N, and temperature
decreases by about 0.358C. At the second day, the
cooling center is located at 508N and the maximum

FIG. 9. Eighteen cases of the strength of EASJ changes from weak
to strong.
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FIG. 11. Twelve cases of the strength of EAPJ changes from weak
to strong.

EAPJ, strong EASJ and weak EAPJ, and weak EASJ
and strong EAPJ, respectively. The day 5 2n are obtained by backward n days. For the SS cases, both the
warm and cold air masses are active. The temperature
rises over the 258–308N in 4 days before the SS cases, and

FIG. 10. The temperature difference in 24 h (K, shaded)
and specific humidity difference in 24 h (1023 g kg21, contour) over
1108–1208E in the process from weak EASJ to strong EASJ.

cooling occurs at 850 hPa with a temperature decrease of
about 18–1.58C. At the third day, the cooling center
moves southward to 438N and the temperature decreases by about 18C. At the fourth day, the cooling
center continues to move southward to 408N and finally
reaches the YHRB at the fifth day. The above results
clearly indicate that the cold air mass in the upper troposphere sinks to lower levels and moves southward with the
EAPJ intensification, the EAPJ is linked to the cold airmass activity.
Further analyses show the activities of warm and cold
air masses with different intensity configurations of the
EASJ and EAPJ. The day 5 0 in Fig. 13, 14, 15 are days
that satisfy the definition for strong EASJ and strong

FIG. 12. Temperature difference in 24 h over 1108–1208E in the
process from weak EAPJ to strong EAPJ.
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FIG. 13. The activity of (a) warm and (b) cold air masses before strong EASJ and strong EAPJ cases. (blue lines:
specific humidity difference in 24 h; shading: temperature difference in 24 h).

the temperature rises by 0.58C in this region (Fig. 13a),
the humidity increased significantly in 2 days before the
SS cases. The cold air mass extends southward from 508
to 308N in 4 days before the SS cases (Fig. 13b). The
warm and cold air masses meet at nearby 308N, leading
to abundant precipitation in the YHRB (Fig. 5a). At
day 5 0, the decrease of temperature in 308N is due to

precipitation. For the SW cases, the warm air mass is
stronger than the cold air mass, resulting in northward
advancement of the warm air mass. In 4 days before SW
cases, the temperature over 258–338N rises by 0.88C
and humidity is increased significantly over 338–358N
(Fig. 14a); the cold air mass extends southward from
458 to 338N and the maximum cooling area is at around
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FIG. 14. As in Fig. 13, but for strong EASJ and weak EAPJ.

358–408N, where the temperature reduces by 0.68C
(Fig. 14b). The warm air mass meets the cold air mass at
about 338N, leading to heavy precipitation in the north
of YHRB (Fig. 5b). For the WS cases, the cold air mass
is stronger than the warm air mass, resulting in southward advancement of the cold air mass. The temperature rises over 208–258N in four 4 days before the WS

cases (Fig. 15a); the cold air extends southward from
458 to 258N, the temperature does not drop as large as
in the SS cases, but the cold air mass reaches the
YHRB more quickly and lasts for a longer time (Fig.
15b). The warm and cold air masses meet near 258N,
and precipitation occurs in the south of YHRB
(Fig. 5c).
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FIG. 15. As in Fig. 13, but for weak EASJ and strong EAPJ.

7. Conclusions and discussion
The East Asian jet system consists of two branches:
the East Asian subtropical jet (EASJ) and the East
Asian polar front jet (EAPJ). This study investigates the
effect of different configurations of the EASJ and EAPJ

on precipitation in the YHRB during the mei-yu season.
Based on analysis of wind speed and jet center occurrence numbers, the regions of 358–408N, 1008–1408E and
62.58–72.58N, 808–1408E are taken as the key areas for
assessing the EASJ and EAPJ activities. The daily area
average wind speeds at 300 hPa over the key areas are
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defined as the daily intensity indices for EASJ and EAPJ.
The individual variations of EASJ/ EAPJ and their impacts on precipitation are investigated first. The precipitation intensity increases with enhanced activities of
the EASJ and EAPJ. Rainband is located to the northern side of YHRB when the EASJ intensifies and the
EAPJ weakens. The effects of concurrent variation of the
EASJ and EAPJ on mei-yu precipitation are then analyzed. Based on the configurations of the EASJ and EAPJ
intensity, four situations are classified: a strong EASJ with
a strong EAPJ (SS), a strong EASJ with a weak EAPJ
(SW), a weak EASJ with a strong EAPJ (WS), and a weak
EASJ with a weak EAPJ (WW). A number of cases are
selected to demonstrate various precipitation features under each of the four situations. For cases under the SS situation, abundant precipitation appears in the YHRB. For
cases under the WW situation, no obvious precipitation
appears in the YHRB. For cases under the SW situation,
precipitation concentrates in the northern YHRB. For WS
cases, precipitation mainly occurs at the southern YHRB.
The associated circulation analyses indicate that different
intensity configurations of the EASJ and EAPJ not only
reflect the influence of low-latitude monsoon air mass,
but also reflect the impact of mid- to high blocking highs.
Further analyses indicate that the intensity changes of
the EASJ and EAPJ are linked with the cold/warm airmass activities. As the EASJ intensifies, the warm air mass
in the lower troposphere advances northward; as the
EAPJ intensifies, the cold air mass in the upper troposphere sinks to lower levels and moves southward. The
warm and cold airmass activities vary significantly with
different configurations of the EASJ and EAPJ. For the
SS cases, both the warm and cold air masses are active and
with similar intensity variation. The warm and cold air
masses meet at nearby 308N, resulting in heavy precipitation there. For the WW cases, both the warm and
cold air masses are inactive, and no significant precipitation occurs in the YHRB. For the SW cases, the
warm air mass advances farther north while the cold air
mass is weak. For the WS cases, the cold air mass extends
southward while the warm air mass is weak.
Compared with the individual variation of EASJ, the
concurrent variation between the two jets not only reflects
the influence of low-latitude circulation systems, but also
reflects the impact of the mid- to high-latitude circulation
system, so it better reflect the upper-level circulation systems and mei-yu precipitation distribution. The results
partly reveal the mechanisms responsible for the effects of
different configurations of the EASJ and EAPJ on mei-yu
precipitation, which still need further study in the future. In
addition, the East Asian jet system varies at multiple time
scales. The previous study by Liao and Zhang (2013)
suggested that the interaction between the EASJ and

EAPJ has an important influence on winter weather at the
intraseasonal scale. During the mei-yu season, persistent
heavy rainfall is the most important weather phenomenon
in summer. Impacts of the EASJ and EAPJ on the persistent heavy rainfall events will also be investigated in our
future study. Moreover, the results obtained in our study
are only base on NCEP1 data. Recent comparisons of
multireanalysis data over global monsoon and Tibetan
Plateau domains found some differences (Feng and Zhou
2012; Lin et al. 2014), so comparisons between different
datasets are also needed in future work.
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