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Abstract

Purpose of Review This article gives a brief review on how the jet streams over the Eurasian continent influence the East Asian
monsoon on intraseasonal to interdecadal time scales and discusses the seasonal predictability and change.

Recent Findings The wave train along the Eurasian jet streams is found to be crucial for East Asian monsoon variability.
Interaction of the upper-level Rossby wave train with the Siberian High causes changes in winter monsoon climate over East
Asia. In the case of summer, the Silk Road pattern, embedded in the Asian jet in association with western North Pacific
circulation and the Pacific-Japan pattern, alters the strength and phase of the monsoon. Current coupled models showed limited
skills in seasonal prediction of the Eurasian jet variations and their influences on the East Asian monsoon variability.
Summary The Eurasian jets as conduits for East Asian monsoon variability involve multiple feedbacks. Its interaction with low-
level circulation mostly determines the degree of strength of variations in the monsoon climate. Global warming projections
based on RCP 4.5 and 8.5 in the CMIP5 (the Coupled Model Intercomparison Project phase 5) models indicate that the mean
Asian jet strengthens in future during winter, but no change is reported during summer.

Keywords Asian jet - Polar front jet - East Asian monsoon - Precipitation - Pacific-Japan pattern - Silk Road pattern - Western

North Pacific

Introduction

The East Asian monsoon is one of the most important climate
systems, having a profound influence on the economy in the
heavily populated regions in the world [1-5]. This subtropical
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monsoon system covers a large area which includes Korea,
Japan, much of China, and the Western North Pacific (WNP).
The East Asian Winter Monsoon (EAWM) system during
December to February (DJF) is characterized by a prevailing
low-level strong northwesterlies along the east flank of the
Siberian High and northeasterlies over the South China Sea [6,
7]. The most prominent features of the EAWM are cold-core
Siberian High and a warm-core Aleutian Low [6-9]. Winter
monsoon extremes can cause severe weather events over East
Asia, such as rain and snow storms, freezing rain, and cold
waves [10, 11]. During boreal summer (June to August; JJA),
the East Asian Summer Monsoon (EASM) causes heavy rainfall
over East Asia [12, 13]. The EASM features strong humid low-
level southerlies from the Philippine Seas and southwesterlies
from the Bay of Bengal and leads to abundant rainfall over East
Asia. Strong southerly winds entering East Asia are associated
with the WNP subtropical anticyclone in the lower troposphere,
while strong westerlies extending from mid-latitudes to the trop-
ical region (till 25° N) associated with the Asian jet play an
important role in the evolution of the EASM.

The variations of the EAWM/EASM at different time
scales are affected not only by tropical forcing such as El
Nifio-Southern Oscillation (ENSO) and sea surface
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temperature (SST) over the tropical Indian Ocean (TIO)
[14-16] but also by high-latitude forcing such as Arctic sea
ice [17-19], Eurasian snow cover [20], the Siberian High [21,
22], and the disturbances along the subtropical Asian jet and
polar front jet over Eurasia [23-27]. Indeed, many researchers
have extensively documented the impacts of ENSO and TIO
SST on the EAWM/EASM variability and well explained the
associated physical mechanisms [14, 28-32]. By contrast, the
high-latitude influence through the jets has been recognized
relatively recently, and a growing body of studies is emerging.
The present study provides a review on how the Eurasian jets
influence the East Asian Monsoon (both winter and summer).

The Asian jet is a Eurasian portion of the subtropical
jet and blows from North Africa through East Asia. To the
north of the Asian jet forms the polar front jet. The Asian
jet is characterized by variabilities on a wide range of
time scales and exerts substantial impacts on the weather
and climate over East Asia. Jet stream features large hor-
izontal and vertical wind shear throughout the troposphere
and lower stratosphere. On the synoptic scale, the jet is
closely linked to many phenomena such as cyclogenesis,
frontogenesis, blocking, storm track activity, and the de-
velopment of other atmospheric disturbances [33]. At lon-
ger time scales, the jet acts as a waveguide for quasi-
stationary Rossby waves [34, 35], promoting disturbances
in the Euro-Atlantic sector to propagate efficiently to East
Asia. In East Asia, jet meanders are associated with the
shift of precipitation bands in the EASM/EAWM [36—40].
Previous studies [41, 42] suggested that the association of
the Asian jet with ENSO is weak, but its association with
extra-tropical North Pacific SSTs is notable. Furthermore,
it has been reported that the Asian jet is linked to varia-
tions of the Hadley circulation [43—45], suggesting the
importance of the interaction with tropical convective ac-
tivities [46, 47]. The latitudinal variation of the Asian jet
over the East Asian region is obvious in winter and sum-
mer seasons (Fig. 1). The present review aims to summa-
rize the recent progress in studying how the Eurasian jets

Fig. 1 Latitude-time plot of 200- (a)
hPa mean zonal wind 60°N 1
(Climatology; m/s) averaged over
the region 100° E to 160° E. This
figure based on ERA-interim
(Deeetal. 2011 [118]) data for the
period 1979 to 2014

50°N
40°N
30°N
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could exhibit a strong impact on the EASM and EAWM
climate and addresses the seasonal predictability and
change of the jets.

The Eurasian Jets and EAWM

An active winter monsoon is accompanied by frequent cold
air outbreaks, known as the cold waves or cold surges, from
the source region—the Siberian cold dome. The cold surges
along with northwesterly monsoon sweep China, Korea,
Japan, and surrounding regions, leading to abrupt temperature
and precipitation changes [7]. In winter, the Asian jet blows
around 25° N (south of Tibet) while the polar front jet is
located around 55° N [48]. The geographically fixed planetary
wave trough over the Far East makes the two jet streams
merge over Japan to form the single Pacific jet [48].
Although the low-level EAWM is located at a different
altitude from the Asian and polar front jet cores, change of
the jets often occurs with variations of winter monsoon and
thereby can be used as a measure of the EAWM [49].
Observed evidence shows that when the Asian jet is strong,
the Asian winter monsoon strengthens, and colder and drier
conditions prevail in East Asia [42, 50]. Meanwhile, a south-
ward shift of the polar front jet often accompanies a cold
winter in northern East Asia [51]. The linkage between the
variability of winter monsoon and the jets is likely because
both are affected by geographically fixed stationary planetary
waves forced by large-scale orography and land-sea thermal
contrasts. On the interannual timescale, both the Asian jet and
the EAWM become weak when the upward propagation of
planetary waves from the troposphere into the stratosphere is
weaker, but their equatorward propagation in the middle and
upper troposphere is stronger, and vice-versa [52]. Similar
phenomena and mechanism can also be observed on the
interdecadal timescales [53]. The change of external forcing
such as snow cover over the Eurasia continent [53, 54] and the
Arctic sea ice [18, 19] may lead to change in the winter
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monsoon as well as in the Asian and polar front jets simulta-
neously via modulating stationary planetary waves.

Along the polar front jet, a recurrent wave train known as
the Eurasian teleconnection pattern [55, 56] can lead to the
intraseasonal amplification of the Siberian High [27, 48].
When an equivalent barotropic anticyclonic anomaly associ-
ated with the wave train appears over central Siberia and
Mongolia, the circulation could create a cold surface high
ahead of the upper-level anticyclone by enhancing surface
cold advection. The surface cold high anomaly, in turn, may
strengthen the upper-level anticyclone by advecting low po-
tential vorticity poleward. The mutual intensification between
the upper-level Rossby wave train and lower-tropospheric
thermal anomalies can strengthen the cold Siberian High,
which in turn enhances the EAWM circulation and leads to
East Asian cold anomalies [27, 57]. On the interannual time-
scales, the Eurasian pattern is associated with the variability of
the EAWM most tightly among the known atmospheric
teleconnections [16]. On the interdecadal timescales, the
EAWM switched from strong to weak epochs in the late
1980s and from weak to strong epochs in the early 2000s
[58]. These transition times are quite consistent with those of
the Eurasian pattern [56], implying its crucial role in the
interdecadal variations of the EAWM.

Wave trains along the Asian jet waveguide also exert sig-
nificant influence on the EAWM. Some extreme wintertime
rainfalls [59e, 60], snowfalls [61], and temperature anomalies
[26¢°, 62] in East Asia are associated with wave train-like
circulation anomalies along the Asian jet. North Atlantic
Oscillation (NAO)-induced divergence over the
Mediterranean is considered as an important source for the
wave train [63]. When the NAO induces anomalous upper-
level convergence over the Mediterranean Sea, perturbations
along the subtropical Asian jet form a wave train with a zonal
wavelength of approximately 75° (Fig. 2). There is a cyclone
over South China and an anticyclone over Japan, which may
lead to persistent rainfall and anomalous warmth in respective
regions [26e°, 63].

Wave activities in the two waveguides arise mainly due
to atmospheric internal variability. But some observed
studies suggest that the external forcing such as SST
[26°°, 64], sea ice [18], and snow cover [19, 54] anoma-
lies may also contribute to the formation of the wave
trains. For example, SST anomalies in the equatorial east-
ern Pacific [26+¢] and east-west SST contrast in the North
Atlantic [66] may help in the formation of the wave train
into the Asian jet. The SST anomalies in the mid-latitude
North Atlantic may excite the Eurasian pattern along the
polar front jet by altering the low-level baroclinicity and
synoptic high-frequency eddies [56, 65¢¢]. Further analy-
sis should be carried out to identify the external factors
for the wave activities in the two waveguides, as they are
useful for predicting the EAWM.

The Eurasian Jets and EASM

In summer, the Asian jet blows along the northern periphery
of the upper-tropospheric Tibetan/South Asian high and is
centered on 40° N (Fig. 3a). Seasonal northward migration
of the Asian jet in the East Asian sector from early to mid-
summer significantly affects rainfall locally. The north—south
displacement of the Asian jet is thus a reliable indicator of
Asian monsoon onset and retreat [66]. Over East Asia, the
jet stream is identified with the surface front that produces
extensive Meiyu (in China), Changma (in Korea), and Baiu
(in Japan) rains [12, 67-69]. The Asian jet co-varies with the
location of the Meiyu—Changma—Baiu rain band over East
Asia. This jet anchors the zonally prolonged rain band by
advection of warm air, organizing ascending motions and
directing transient weather disturbances from the upstream
[70]. In addition, the ageostrophic secondary circulation asso-
ciated with the upper-tropospheric jet promotes convection to
its south, forming the rain band [71]. Intraseasonal anomalies
of 200-hPa zonal wind manifest in the weak and slightly
southward extension of the jet over East Asia during the active
phase of the WNP rainfall, and vice-versa for monsoon breaks
[72, 73]. Meridional displacements of the Asian jet over East
Asia are associated with day-to-day variability in mid-
tropospheric temperature advection because the upper-
tropospheric jet stream traps the transient eddies, leading to
enhanced rainfall in the Yangtze-Huaihe River valley [74].

On interannual timescales, many studies have suggested
that the meridional displacement of the East Asian jet bears
a close relationship to the EASM precipitation [38—40]. An
equatorward displacement of the Asian jet causes precipitation
to increase over south-central China, while a poleward shift of
the jet brings heavier precipitation over north China [37,
75-77]. The equatorward (poleward) jet displacement is also
accompanied by southward retreat (northward extension) of
the surface subtropical high over the WNP, bringing the anom-
alously cold (warm) condition to Korea and Japan [78].
Summer time tropical cyclone activity over the WNP is close-
ly related to the location and intensity of the Asian jet on the
interannual time scale [79].

An important external driver of the East Asian jet and the
EASM is the wave-like pattern embedded in the Asian jet,
called the Silk Road pattern (SRP, Fig. 3b) [24]. The SRP
can be regarded as the Eurasian sector of the summertime
circumglobal teleconnection pattern [80]. Yet, instead of a free
Rossby wave train, the SRP can maintain itself through its
efficient extraction of kinetic and available potential energy
from the background flow through barotropic and baroclinic
energy conversions, leading to the dominance of a particular
zonal phase [81, 82]. The SRP has an equivalent barotropic
structure with significant circulation anomalies reaching the
lower troposphere to affect the WNP subtropical high and the
EASM rainfall [81, 83]. Various studies have indicated that
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Fig. 2 The regression of
geopotential height (contours; m)

(a) 250hPa

at 250-hPa (a), 500-hPa (b), and

850-hPa (c) on the PC1 of the 60N .-+
EOF modes of 250-hPa monthly v

(December, January, and

February) in the domain (0-45° 30N

N, 0-120° E) from 1979 to 2013
in NCEP-DOE reanalysis
(Kanamitsu et al. 2002 [119]).
Vectors are the wave fluxes. 0

Shades denote the climatological

0 30E 60E 90E 120E 150E 180

5m?%?

zonal wind speed (m/s) at 90w 60W 30w
200 hPa. The figure is similar to
that of Hu et al. (2018) [26¢¢] (b) 500hPa
U7
60N -.-7*3~
30N 4
0
90w 60W 30W
(c)850hPa

0 30E 60E 90E 120E 150E 180

=2y,

.......

........

90E 120E

150E 180

the SRP significantly affects climate over China, Korea, and
Japan on the interannual timescales [24, 80, 84—87]. The
Arctic sea ice change is an important source of the wave train
along the Asian Jet waveguide, which can, in turn, influence
the EASM. Some studies found that the reduced spring Arctic
sea ice leads to an enhancement of summer rainfall in north-
east China [88], central China between the Yangtze River and
the Yellow River [89], Indochinese Peninsula, and the
Philippines and decreased rainfall over Meiyu—Changma—
Baiu front zone [90]. The aforementioned studies suggested
that spring Arctic sea ice anomalies modulate the atmospheric
circulation via Eurasian wave train and influence the EASM.

On the interdecadal timescales, the SRP features a barotropic
wave train along the Asian jet, resembling its interannual coun-
terpart, with a secondary weak wave train along the polar front jet
[91¢]. As a result, the meridional scale of the interdecadal SRP is
larger than its interannual counterpart. The SRP shows two re-
gime shifts in the mid-1970s and late-1990s [91¢, 92¢¢]. The latter
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shift explains over 40% of the observed rainfall reduction and
warming over Northeast Asia, highlighting its crucial role in the
recent decadal climate variations over East Asia [87, 91e, 93].
The mid-1970s shift is suggested to have arisen from the
favorable background state after the mid-1970s that pro-
jects more onto the SRP via the positive feedback be-
tween the SRP and the rainfall over subtropical South
Asia. The interdecadal variations of the SRP show some
linkage to North Atlantic SST, but the mechanism of this
linkage remains unclear [92¢¢]. The interdecadal changes
in northeast Asia climate are associated with the propaga-
tion of an atmospheric Rossby wave along the Asian Jet,
and this interdecadal circumglobal teleconnection is close-
ly associated with the AMO [91e, 93-95]. However, it has
been suggested that SST in the North Atlantic and the
North Pacific may indirectly affect the decadal variations
in SRP by modulating South Asian rainfall [92e].
Further, in-phase Pacific Decadal Oscillation (PDO) and
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AMO with opposite sign of SST anomalies alter the wave-
guide in the eastern Mediterranean region and modulate
the Indian summer monsoon rainfall anomalies [96].
These rainfall anomalies, in turn, interact with the
teleconnection wave train induced by the PDO and
AMO, leading to a meridional dipole mode of
interdecadal precipitation anomalies over eastern China.

As in winter, the polar front jet in summer also allows
wave trains to propagate along [97, 98]. Previous studies
noticed that the amplification of the surface Okhotsk high
and anomalously cool summer over Japan and Northeast
Asia are often associated with some wave-like distur-
bances along the summertime polar front jet over
Eurasia [82, 97]. The British—Baikal Corridor (BBC) pat-
tern is a teleconnection pattern with a meridionally con-
fined, zonal wavenumber-5 structure that extends from the
North Atlantic to Siberia [99e¢]. It affects climate along its
route including precipitation over East Asia. Internal at-
mospheric dynamics dominate interannual variability of
the BBC pattern, including barotropic energy conversion
and the multiscale interactions among the climatological
mean flow, the low-frequency anomalies, and the
synoptic-scale transient eddies. No clear external forcing
for the BBC pattern has been identified so far.

40'°E 80l°E 12:)°E 16(')";}
Predictability of the Eurasian Jet Variability
and Impacts

Coupled ocean-atmospheric general circulation models
(CGCMs) are useful for the prediction of the interannual var-
iation of the Asian jet [100] and impact on East Asia monsoon
[101, 102]. CGCMs show good skills in predicting the first
two empirical orthogonal function (EOF) modes of summer
upper-tropospheric circulation in the Northern Hemisphere
[103]. Here, we examine hindcast data from seasonal predic-
tion models participating in the APEC Climate Center
(APCC) seasonal forecast to study the predictability of sum-
mer and winter Asian jet and its influence on East Asian mon-
soon. Table 1presents a brief summary of the models used in
the study. Multi-model ensemble (MME) mean is defined as a
simple average of the model runs with equal weighting. One-
month lead forecasts initialized in May and November are
used to evaluate summer and winter predictability, respective-
ly. An EOF analysis of the 200-hPa zonal wind over the region
(40° E to 160° E and 20° N to 60° N) is used to identify the
major modes of the Asian jet variability both in winter and
summer for the observations and MME mean.

Most of the models simulate well the major mean circula-
tion features related with the EAWM such as the upper
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Table 1 Details of the APCC models used in this study
Model Organization Resolution Ensemble size
CCSM3 APCC/Korea T85L26 10
MSC MSC/Canada T63/L31 10
CANCM3  MSC/Canada T63/L31 10
CANCM4  MSC/Canada T63/L31 10
GMAO NASA/USA 288 x 181 grid L7211
CFSV2 NCEP/USA T62/L64 20
PNU PNU/Korea T42L18 5
POAMA BOM/Australia ~ T47L17 33

troposphere jet stream, the sea level pressure contrast between
the cold Siberian High and the warm Aleutian Low, and the
prominent low-level northerly wind along the eastern coast
[104]. The leading mode (EOF-1) of 200-hPa zonal wind in
DJF in the observations is dominated by a positive loading
along the jet axis extending from the Tibetan Plateau to the
WNP and with negative loading on either side. In observa-
tions, this leading mode accounts for 32% of the total variance
and is related to the variation in Asian winter jet intensity
[105] (Fig. 4a). A strong Asian winter jet is associated with
an intensified EAWM. Associated with an anomalous low-
level anticyclone over East Asia in EOF-1, dry conditions
are seen over south-central China (Fig. 4c). None of the
models including the MME mean can properly represent the

Fig. 4 a The first EOF pattern of
200-hPa zonal wind (shaded)
along the Asian Jet during winter
(DJF) and correlation of PC-1
with 200-hPa winds (vectors) and
meridional wind component
(green contours) and ¢ correlation
of PC-1 with precipitation
(shaded) and 850 hPa winds
(vectors) for observations. b 40°E
Same as in (a) but for MME and d
same as in (¢) but for MME. e PC-
1 corresponds to the EOF-1 for
the observations, individual
models, and MME
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leading EOF pattern associated with the winter Asian jet (Fig.
4b). Positive loading along the jet axis and negative loading to
the south are somewhat captured by MME but signals are
completely missing to the north. This mode accounts for
74% of the MME mean-variance. Rainfall patterns over East
Asia associated with EOF-1 are somewhat different in the
MME mean and individual models than in observations.
Correlation of the corresponding principal components
(PC15s) between models and observations (Fig. 4e) is margin-
ally significant in some models (Table 1), consistent with
[104]. Although most models capture the main seasonal mean
circulation over East Asia reasonably well, they still suffer
from difficulty in predicting the interannual variability of the
EAWM.

Figures 5 a and b show the spatial patterns of the leading
EOF mode (EOF-1) of JJA 200-hPa zonal wind in the obser-
vations and the MME mean, both of which feature meridional
displacements of the Asian jet. These modes account for 28%
and 69% of the total variance in the observations and the
MME mean, respectively. However, the magnitude of EOF-
1 signals is weak in the MME mean compared to the obser-
vations, suggesting the dominance of the variability unpredict-
able at monthly to seasonal leads. The wave-like pattern along
the Asian jet from central Asia to Japan is apparent in merid-
ional wind anomalies. This wave train pattern is embedded
with anomalous anticyclonic, cyclonic, and anticyclonic cir-
culations along the jet, similar to the SRP. The anomalous
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Fig. 5 Same as in Fig. 4 but for

the boreal summer season (JJA)
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upper-level anticyclone associated with SRP over Japan and
central and north China [83] extends to the lower level with an
equivalent barotropic structure, with local reduction of rainfall
(Fig. 5¢). The MME zonal wind anomalies and the wavetrain
pattern are apparently displaced southward and eastward, re-
spectively, compared to the observational counterparts
(Fig. 5a and b).

In association with the shift of the jet, changes in low-level
circulation and precipitation patterns are noted in the MME
mean. Individual models also show such shifts in precipitation
and low-level circulation (figure not shown). South of the
low-level anticyclonic circulation is a strong cyclonic circula-
tion, covering parts of the WNP and South China Sea (Fig.
5¢). The meridional alignment of these circulation anomalies
over the WNP region is similar to the Pacific—Japan (PJ) pat-
tern [106, 107]. It is notable that in all the models and the
MME mean the Asian jet anomalies, SRP, and the PJ pattern
are displaced from observational counterparts. These unreal-
istic shifts limit the skill in predicting the EASM rainfall var-
iations associated with the Asian jet. Furthermore, only two
out of eight models (POAMA and MSC CANCM4) show
reasonable skill in predicting the Asian jet variation, as shown
by the PC-1 (Fig. Se) correlation between models and obser-
vations (Table 2). Previous studies noted that current coupled
models have very limited skills in predicting the SRP even at
one-month lead forecast [102, 108]. This would limit the skills
of CGCMs in predicting variability of the Asian jet in summer.
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Overall, most of the coupled models examined show certain
skill in predicting the variability of the Asian jet during sum-
mer but fail during winter. As a consequence of poor winter
prediction, the model rainfall patterns over East Asia are
disorganized.

Future Projections in CMIP5 Simulations

This section discusses the Coupled Model Intercomparison
Project phase 5 (CMIP5) [109] MME ability in simulating
the Asian jet in the present climate and its changes in
Representative Concentration Pathway (RCP) 4.5 and
RCP8.5 scenarios based on 24 models (Table 3). The MME

Table 2 Observed PC-1

correlation with individ- Model JJA DIJF

ual models and MME for

both winter and summer APCC 0.36 0.41

seasons for the period MSC_CANCM3 0.32 0.46

1983-2010
MSC_CANCM4 0.43 0.13
MSC 0.39 0.22
NASA 032 0.13
NCEP 0.25 0.38
PNU 0.31 0.39
POAMA 043 0.29
MME 0.43 033
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Table3  Details of 24 CMIP5 models used for the analysis with respective centers, model names, and their grid sizes. One (rlilp1) ensemble for each
model is used in this study
S.  Modeling center (or group) Model name Grid size
No
Commonwealth Scientific and Industrial Research Organization and Bureau of Meteorology (Australia) ACCESS1.0 192 x 144
Beijing Climate Center (China) BCC-CSM1-1 128 x 64
BCC-CSM1-1-m 320 % 160
3 College of Global Change and Earth System Science, Beijing, Normal University (China) BNU-ESM 128 x 64
4 Canadian Centre for Climate Modelling and Analysis (Canada) CanESM2 128 x 64
5 Centre National de Recherches Météorologiques (France) CNRM-CM5 256 x 128
6 Commonwealth Scientific and Industrial Research Organization (Australia) CSIRO-MK3.6.0 192 x 96
7 NOAA Geophysical Fluid Dynamics Laboratory (USA) GFDL-CM3 144 x 90
GFDL-ESM2G 144 x 90
GFDL-ESM2M 144 x 90
8 NASA Goddard Institute for Space Studies (USA) GISS-E2-H 144 x 89
GISS-E2-H 144 x 89
9 Met Office Hadley Centre (UK) HadGEM2-AO 192 x 144
HadGEM2-ES 192 x 144
10  Institute for Numerical Mathematics (Russia) INM-CM4 180 % 120
11 Institut Pierre-Simon Laplace (France) IPSL-CMS5A-LR 96 x 96
IPSL-CM5A-MR 96 x 96
12 Atmosphere and Ocean Research Institute (The University of Tokyo), National Institute for Environmental MIROCS 256 x 128
Studies, and Japan Agency for Marine-Earth Science and Technology (MIROC) (Japan) MIROC-ESM 128 x 64
MIROC-ESM-CHEM 128 x 64
13 Max Planck Institute for Meteorology (Germany) MPI-ESM-LR 192 x 96
MPI-ESM-MR 192 x96
14 Meteorological Research Institute (Japan) MRI-CGCM3 320 x 160
15 Norwegian Climate Centre (Norway) NorESM1-M 144 x 96

mean simulates jet characteristics very well in the historical
period both in winter and summer (not shown). MME projec-
tions show that the mean jet strengthens along 45° N just north
ofjet core by 4 to 5 m/s (3 to 4 m/s) in RCP 8.5 scenarios at the
end (middle) of the twenty-first century during winter over
East Asia (Fig. 6a and b). As a result, a slight poleward shift
in the jet core is apparent in future projections. This shift may
influence the wave train along the jet and hence the EAWM. A
poleward shift in the future projection of westerly jet over the
North Pacific has been reported earlier and is attributed to
latitudinal temperature gradient [110].

In summer, the MME shows no significant change in jet
strength under RCP 8.5 over East Asia (Fig. 6c and d). A
recent study points out that the future change in the continental
Meiyu precipitation location is insignificant, which is related
to weak changes in the jet position [111¢]. Some changes are
notable in the strength of westerlies south of jet core west of
the Tibetan Plateau, indicating an equatorward shift. However,
its robustness needs to be confirmed. In the mid-range scenar-
io (RCP4.5), changes in the mean Asian jet are similar to
RCPS8.5 but weaker. CMIPS models display large inter-
model spread in simulations of the East Asian jet [112].
CMIP5 MME captures the spatial pattern of the Asian jet
variability but underestimates the magnitude [113], affecting

@ Springer

rainfall change uncertainties over East Asia. Recent studies
also suggested the presence of uncertainty in projected chang-
es in Asian—Australian monsoon circulation, which has been
attributed to the inter-model difference of western Pacific SST
warming [114, 115]. In addition, the significant bias in the
tropical SST and related teleconnection characteristics can
cause uncertainty in the CMIP5 future projections of the
Northern Hemisphere boreal summer upper-level circulation
[116]. This indicates that projected future changes in mean jet
must be considered with caution due to the involvement of
large uncertainties in CMIP5 models.

Conclusions

The main purpose of this study is to provide an overview of
the current understanding of the Eurasian jet streams’ influ-
ence on the East Asian monsoon variability. Predictability of
the winter and summer Eurasian jet variations and impacts are
discussed. Further, the mean Asian jet changes in global
warming scenarios using CMIP5 MME are presented.

The wave train patterns along the Asian jet are crucial
for the East Asian monsoon variability. The wave activities
along the jet are caused by atmospheric internal variability
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Fig. 6 Projected changes in the mean zonal wind (shaded; m/s) at
200 hPa and vectors (m/s) (the Asian Jet) during the 2050s (mean of
2040 to 2069) and 2080s (mean of 2070 to 2099) using MME of 24
CMIP5 models based on RCP8.5 scenarios. Changes are with respect to

and external forcing such as NAO, Indian summer mon-
soon, and Atlantic Nino [80, 117]. The EAWM variations
associated with the polar front jet emerge through interac-
tions of the upper-level Rossby wave train with the
Siberian High. On the other hand, the EASM is affected
by the SRP and the PJ pattern through the Asian jet [70, 71,
83, 102]. The Asian Jet interaction with low-level circula-
tion is important in determining monsoon variations.
Coupled models simulate mean jet features fairly well both
in winter and summer but they, individually and in MME
mean, show limited skills in predicting Asian jet variations
and their impacts on the EAWM/EASM. In spite of the
considerable progress made in the sub-seasonal to seasonal
predictions of monsoon climate, seasonal predictions of the
Asian jet variability and associated impacts are still inade-
quate. Future projections based on 24 CMIP5 models indi-
cate that the mean jet strengthens slightly in RCP 4.5 and
8.5 scenarios in winter, with little change noticed in sum-
mer. Further investigations are needed into variations of
the Eurasion jet streams and their impact on the East
Asian monsoon rainfall.

Acknowledgments JSC thank the Director, Earth System Sciences
Organization (ESSO)—Indian Institute of Tropical Meteorology (II'TM)
for support and infrastructure. We thank the editor and reviewers for
careful reading and constructive suggestions which helped us to improve

0

80E 100E 120E 140E 160E 180
[ I | e —>
1 2 3 4 5 5

the climatology for the period of 19762005 in historical simulations for
a and b DJF and ¢ and d JJA. Green contours (zonal wind above 50 m/s
for DJF and 20 m/s for JJA) indicate the mean jet core for present-day
climate and red contours for future projections

the manuscript. We thank Drs. C. Gnanaseelan, Anant Parekh, and D.
Ramu for discussions and help.

Funding JSC is fully supported by IITM and GS is supported by
INCOIS. YK is funded by Japan Society for the Promoting Science
(Grant Number 18H01278), Japan Science and Technology Agency
through Belmont Forum CRA “InterDec.” LW is funded by the
National Natural Science Foundation of China (Grant Number
41721004). KK fellowship (NPDF) is supported by DST.

Compliance with Ethical Standards

Conflict of Interest On behalf of all authors, the corresponding author
states that there is no conflict of interest.

References

Papers of particular interest, published recently, have been
highlighted as:

+ Of importance

*« Of major importance

1. Rodwell MJ, Hoskins BJ. Subtropical anticyclones and summer
monsoons. J Clim. 2001;14:3192-211.

2. Guan Z, Yamagata T. The unusual summer of 1994 in East Asia:
10D teleconnections. Geophys Res Lett. 2003;30(10):1544.

@ Springer



242

Curr Clim Change Rep (2019) 5:233-244

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

Huang R, Chen J, Huang G. Characteristic and variations of the
East Asian monsoon system and its impacts on climate disasters in
China. Adv Atmos Sci. 2007;24:993-1023.

Jiang T, Kundzewicz ZW, Su B. Changes in monthly precipitation
and flood hazard in the Yangtze River basin, China. Int J Climatol.
2008;28:1471-81.

Huang RH, Chen JL, Wang L, Lin ZD. Characteristics, processes
and causes of the spatio-temporal variabilities of the East Asian
monsoon system. Adv Atmos Sci. 2012;29(5):910-42.

Chen W, Graf H, Huang R. The interannual variability of East
Asian Winter Monsoon and its relation to the summer monsoon.
Adv Atmos Sci. 2000;17:48-60.

Wang L, Lu MM. In: Chang CP, Kuo HC, Lau N-C, Johnson RH,
Wang B, Wheeler M, editors. The East Asian winter monsoon.
The global monsoon system: research and forecast. 3rd ed; 2017.
p. 51-61.

Wang B. The Asian monsoon. New York: Springer Science &
Business Media, Praxis; 2006. p. 119-21.

Ma T, Chen W, Nath D, Graf HF, Wang L, Huangfu J. East Asian
winter monsoon impacts the ENSO-related teleconnections and
North American seasonal air temperature prediction. Sci Rep.
2018;8:6547.

Zhou LT. Impact of East Asian winter monsoon on precipitation
over southeastern China and its dynamical process. Int J Climatol.
2011;31:677-86.

Zhou LT, Wu RG. Respective impacts of the East Asian winter
monsoon and ENSO on winter precipitation in China. J Geophys
Res. 2010;115:D02107.

Ding YH. Summer monsoon rainfalls in China. J Meteorol Soc
Jpn. 1992;70:397-421.

Gong DY, Ho CH. Arctic oscillation signals in the East Asian
summer monsoon. J Geophys Res Atmos. 2003;108(D2):4066.
Wang B, Wu RG, Lau KM. Interannual variability of the Asian
summer monsoon: contrasts between the Indian and the western
North Pacific—East Asian monsoons. J Clim. 2001;14:4073-90.
Xie SP, Hu K, Hafner J, Tokinaga H, Du Y, Huang G, et al. Indian
Ocean capacitor effect on Indo—western Pacific climate during the
summer following El Nifio. J Clim. 2009;22:730-47.

Wang L, Chen W. An intensity index for the East Asian winter
monsoon. J Clim. 2014;27:2361-74.

Wu BY, Huang RH, Gao DY. Impact of variations of winter sea-
ice extents in the Kara/Barents season winter monsoon over East
Asia. Acta Meteorol Sin. 1999;13:141-53.

Honda M, Inoue J, Yamane S. Influence of low arctic sea ice
minima on anomalously cold Eurasian winters. Geophys Res
Lett. 2009;36:L08707.

Chen Z, Wu R, Chen W. Impacts of autumn Arctic Sea ice con-
centration changes on the east Asian winter monsoon variability. J
Clim. 2014;27:5433-50.

Zhang Y, Li T, Wang B. Decadal change of the spring snow depth
over the Tibetan plateau: the associated circulation and influence
on the East Asian summer monsoon. J Clim. 2004;17:2780-93.
Gong DY, Wang SW, Zhu JH. East Asian winter monsoon and
Arctic oscillation. Geophys Res Lett. 2001;28:2073-6.

Wu BY, Wang J. Winter Arctic oscillation, Siberian High and East
Asian winter monsoon. Geophys Res Lett. 2002;29(19):1897.
Lu RY, Oh JH, Kim BJ. A teleconnection pattern in upper-level
meridional wind over the North African and Eurasian continent in
summer. Tellus. 2002;54A:44-55.

Enomoto T. Interannual variability of the Bonin high associated
with the propagation of Rossby waves along the Asian jet. J
Meteorol Soc Jpn. 2004;82:1019-34.

Wang L, Gu W. The Eastern China flood of June 2015 and its
causes. Sci Bull. 2016;61(2):178-84.

26.»« Hu KG, Huang R, Wu, Wang L. Structure and dynamics of a wave

train along the wintertime Asian jet and its impact on East Asian

@ Springer

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

climate. Clim Dyn. 2018;51:4123-237. Structure and dynamics
of a wave train along the wintertime Asian jet and it impacts
are demonstrated. This is an important aspect of understand-
ing linkage between the Asian Jet and east Asian winter
monsoon.

Takaya K, Nakamura H. Mechanisms of intraseasonal amplifica-
tion of the cold Siberian High. J Atmos Sci. 2005;62:4423-40.
Wang B, Wu RG, Li T. Atmosphere - warm ocean interaction and
its impacts on Asian—Australian monsoon variation. J Clim.
2003;16:1195-211.

Xie SP, Du Y, Huang G, Zheng XT, Tokinaga H, Hu K, et al.
Decadal shift in El Nifio influences on Indo—western Pacific and
East Asian climate in the 1970s. J Clim. 2010;23:3352-68.

Xie SP, Kosaka Y, Du Y, Hu K, Chowdary JS, Huang G. Indo-
western Pacific Ocean capacitor and coherent climate anomalies in
post-ENSO summer: a review. Adv Atmos Sci. 2016;33:411-32.
Hu K, Huang G, Huang R. The impact of tropical Indian Ocean
variability on summer surface air temperature in China. J Clim.
2011;24:5365-77.

Hu K, Xie SP, Huang G. Orographically anchored El Nifio effect
on summer rainfall in central China. J Clim. 2017;30:10037-45.
Yang S, Lau KM, Kim KM. Wintertime east Asian jet stream and
its association with the Asian-Pacific-American climate.2000.
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/
20000053089.pdf

Hoskins BJ, Ambrizzi T. Rossby wave propagation on a realistic
longitudinally varying flow. J Atmos Sci. 1993;50:1661-71.
Branstator G. Circumglobal teleconnections, the jet stream wave-
guide, and the North Atlantic oscillation. J Clim. 2002;15:1893—
910.

Lau KM, Li MT. The monsoon of East Asia and its global
associations-a survey. Bull Am Meteorol Soc. 1984;65:114-25.
Liang XZ, Wang WC. Associations between China monsoon rain-
fall and tropospheric jets. Q J R Meteorol Soc. 1998;124:2597—
623.

Lau KM, Kim KM, Yang S. Dynamical and boundary forcing
characteristics of regional components of the Asian summer mon-
soon. J Clim. 2000;13:2461-82.

Liao Q, Gao S, Wang H, Tao S. Anomalies of the extratropical
westerly jet in the north hemisphere and their impacts on east
Asian summer monsoon climate anomalies (in Chinese). Chin J
Geophys. 2004;47:10-8.

Zhang Y, Guo L. Relationship between the simulated East Asian
westerly jet biases and seasonal evolution of rainbelt over eastern
China. Chin Sci Bull. 2005;50:1503-8.

Wang B. The Asian monsoon. Chichester: Springer-Verlag, Praxis
Publishing Ltd. 2006. pp. 799.

Yang S, Lau KM, Kim KM. Variations of the east Asian jet stream
and Asian—Pacific-American winter climate anomalies. J Clim.
2002;15:306-25.

Palmén E. The role of atmospheric disturbances in the general
circulation. Q J R Meteorol Soc. 1951,77:337-54.

Bjerknes J. A possible response of the atmospheric Hadley circu-
lation to equatorial anomalies of ocean temperature. Tellus.
1966;18:820-9.

Hou AY. Hadley circulation as a modulator of the extratropical
climate. J Atmos Sci. 1988;55:2437-57.

Yang S, Webster PJ. The effect of summer tropical heating on the
location and intensity of the extratropical westerly jet streams. J
Geophys Res. 1990;95:18705-21.

Dong M, Yu J, Gao S. A study on the variations of the westerly jet
over East Asia and its relation with the tropical convective heating.
Chin J Atmos Sci. 1999;23:62-70.

Nakamura H, Miyasaka T, Kosaka Y, Takaya K, Honda M.
Northern hemisphere extratropical tropospheric planetary waves
and their low-frequency variability: Their vertical structure and


https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20000053089.pdf
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20000053089.pdf

Curr Clim Change Rep (2019) 5:233-244

243

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.00

66.

interaction with transient eddies and surface thermal contrasts.
Climate Dynamics: Why Does Climate Vary?. Geophys.
Monogr. Ser. Sun D-Z, Bryan F (eds), AGU, Washington DC.
2010;189:149-79. https://doi.org/10.1029/2008GM000789.
Wang L, Chen W. How well do existing indices measure the
strength of the East Asian winter monsoon? Adv Atmos Sci.
2010;27(4):855-70.

Wang L, Chen W, Zhou W, Huang RH. Interannual variations of
East Asian trough axis at 500 hPa and its association with the East
Asian winter monsoon pathway. J Clim. 2009;22:600—-14.

Luo X, Zhang Y. The linkage between upper-level jet streams over
East Asia and East Asian winter monsoon variability. J Clim.
2015;28:9013-28.

Chen W, Yang S, Huang RH. Relationship between stationary
planetary wave activity and the East Asian winter monsoon. J
Geophys Res Atmos. 2005;110:D14110.

Wang L, Huang R, Gu L, Chen W, Kang L. Interdecadal variations
of the east Asian winter monsoon and their association with quasi-
stationary planetary wave activity. J Clim. 2009;22:4860-72.
Wang B, Wu Z, Chang CP, Liu J, Li J, Zhou T. Another look at
interannual-to-interdecadal variations of the east Asian winter
monsoon: the northern and southern temperature modes. J Clim.
2010;23:1495-512.

Wallace JM, Gutzler DS. Teleconnections in the geopotential
height field during the Northern Hemisphere winter. Mon
Weather Rev. 1981;109:784-812.

Liu Y, Wang L, Zhou W, Chen W. Three Eurasian teleconnection
patterns: spatial structures, temporal variability, and associated
winter climate anomalies. Clim Dyn. 2014;42(11-12):2817-39.
Song L, Wang L, Chen W, Zhang Y. Intra seasonal variation of the
strength of the East Asian trough and its climatic impacts in boreal
winter. J Clim. 2016;29(7):2557-77.

Wang L, Chen W. The East Asian winter monsoon: re-
amplification in the mid-2000s. Chin Sci Bull. 2014b;9(4):430-6.
Ding F, Li C. Subtropical westerly jet waveguide and winter per-
sistent heavy rainfall in south China. J Geophys Res Atmos.
2017;122:7385—400. Studied the relation between the
Subtropical westerly jet waveguide and winter persistent
heavy rainfall in south China. Mechanisum by which the
Subtropical westerly jet could influence persistent heavy rain-
fall in south China has been highlighted.

Li C, Sun JL. Role of the subtropical westerly jet waveguide in a
southern China heavy rainstorm in December 2013. Adv Atmos
Sci. 2015;32:601-12.

Wen M, Yang S, Kumar A, Zhang P. An analysis of the large-scale
climate anomalies associated with the snowstorms affecting China
in January 2008. Mon Weather Rev. 2009;137:1111-31.

Song L, Wu R. Processes for occurrence of strong cold events over
eastern China. J Clim. 2017;30:9247-66.

Watanabe M. Asian jet waveguide and a downstream extension of
the North Atlantic oscillation. J Clim. 2004;17:4674-91.

Liu G, Ji L, Wu R. An east-west SST anomaly pattern in the
midlatitude North Atlantic Ocean associated with winter precipi-
tation variability over eastern China. J Geophys Res Atmos.
2012;117:D15104.

Wang L, Liu Y, Zhang Y, Chen W, Chen S. Time-varying structure
of the wintertime Eurasian pattern: role of the North Atlantic sea
surface temperature and atmospheric mean flow. Clim Dyn.
2019;52:2467-79. Interdecadal changes in the coupling be-
tween the Eurasian pattern and the North Atlantic SST is
highlighted. Impact of such interdecadal modulation on east
Asian climate is explored.

Yeh TC, Tao S, Li M. The abrupt change of circulation over the
northern hemisphere during June and October. “The Atmosphere
and the Sea in Motion” (B. Bolin, ed.). New York: Rockefeller
Institute Press. 1959. pp. 249-67.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Yamazaki N, Chen TC. Analysis of the East Asian monsoon dur-
ing early summer of 1979: structure of the Baiu front and its
relationship to large-scale fields. J Meteorol Soc Jpn. 1993;71:
339-55.

Tao S, Chen L. A review of recent research on the East Asian
summer monsoon in China. In: Chang CP, Krishnamurti TN, ed-
itors. Monsoon meteorology. Oxford: Oxford University Press;
1987. p. 60-92.

Lau KM, Yang GJ, Shen SH. Seasonal and intraseasonal clima-
tology of summer monsoon rainfall over East Asia. Mon Weather
Rev. 1988;116:18-37.

Sampe T, Xie SP. Large-scale dynamics of the Mei-Yu-
Baiurainband: environmental forcing by the westerly jet. J Clim.
2010;23:113-34.

Horinouchi T. Influence of upper tropospheric disturbances on the
synoptic variability of precipitation and moisture transport over
summertime East Asia and the Northwestern Pacific. J Meteorol
Soc Jpn. 2014;92:519-41.

Ding Y, Chan JCL. The east Asian summer monsoon: an over-
view. Meteorog Atmos Phys. 2005;89:117—42.

Fang Y, et al. High-resolution simulation of the boreal summer
intraseasonal oscillation in Met Office Unified Model. Q J R
Meteorol Soc. 2017;143:362-73.

Wang S, Zuo H, Zhao S, Zhang J, Lu S. How East Asian westerly
jet’s meridional position affects the summer rainfall in Yangtze-
Huaihe River Valley? Clim Dyn. 2017:1-13.

Gong DY, Ho CH. Shift in the summer rainfall over the Yangtze
River valley in the late 1970s. Geophys Res Lett. 2002;29:1436.

Lu R. 2004: associations among the components of the East Asian
summer monsoon system in the meridional direction. J Meteorol
Soc Jpn. 2004;82:155-65.

Kuang X, Zhang Y. Impact of the position abnormalities of East
Asian subtropical westerly jet on summer precipitation in middle
lower reaches of Yangtze River (in Chinese). Plateau Meteor.
2006;25:382-9.

Zhang L, Zhou T. Drought over East Asia: a review. J Clim.
2015;28:3375-99.

Chen X, Zhong Z, Lu W. Association of the poleward shift of East
Asian subtropical upper-level jet with frequent tropical cyclone
activities over the western North Pacific in summer. J Clim.
2017;30:5597-603.

Ding QH, Wang B. Circumglobal teleconnection in the Northern
Hemisphere summer. J Clim. 2005;18:3483-505.

Kosaka Y, Nakamura H, Watanabe M, Kimoto M. Analysis on the
dynamics of a wave-like teleconnection pattern along the summer-
time Asian jet based on a reanalysis dataset and climate model
simulations. J Meteorol Soc Jpn. 2009;87:561-80.

Sato N, Takahashi M. Dynamical processes related to the appear-
ance of quasi-stationary waves on the subtropical jet in the mid-
summer Northern Hemisphere. J Clim. 2006;19:1531-44.

Hong X, Lu R. The meridional displacement of the summer Asian
jet, Silk Road Pattern, and tropical SST anomalies. J Clim.
2016;29:3753-66.

Wakabayashi S, Kawamura R. Extraction of major teleconnection
patterns possibly associated with the anomalous summer climate
in Japan. J Meteorol Soc Jpn. 2004;82:1577-88.

Saeed N, Van Lipzig MWA, Saced F, Zanchettin D. Influence of
the circumglobal wave-train on European summer precipitation.
Clim Dyn. 2014;43:503-15.

Krishnan R, Sugi M. Baiu rainfall variability and associated mon-
soons teleconnections. J Meteorol Soc Jpn. 2001;79:851-60.

Wu R. A mid-latitude Asian circulation anomaly pattern in boreal
summer and its connection with the Indian and East Asian summer
monsoons. Int J Climatol. 2002;22(15):1879-95.

@ Springer


https://doi.org/10.1029/2008GM000789

244

Curr Clim Change Rep (2019) 5:233-244

88. Niu T, Zhao P, Chen L. Effects of the sea-ice along the North
Pacific on summer rainfall in China. Acta Meteorol Sin.
2003;17:52-64.

89. Wu B, Zhang R, Wang B, D’Arrigo R. On the association between
spring Arctic sea ice concentration and Chinese summer rainfall.
Geophys Res Lett. 2009;36:L09501.

90. Guo D, Gao YQ, Bethke I, Gong DY, Johannessen OM, Wang HJ.
Mechanism on how the spring Arctic sea ice impacts the East
Asian summer monsoon. Theor Appl Climatol. 2014;115:107-19.

91.» Wang L, Xu P, Chen W, Liu Y. Interdecadal variations of the Silk
Road pattern. J Clim. 2017;30(24):9915-32. Investigated the
temporal and spatial features of the interdecadal variations
of the Silk Road pattern. They found that on interdecadal time
scales, the positive phase of the SRP could influence rainfall
over western Europe, Siberia, and the southern part of China
etc.

92.e+ Stephan CC, Klingaman NP, Turmer AG. A mechanism for the
recently increased interdecadal variability of the silk road pattern.
J Clim. 2019;32:717-36. Mechanisms associated with decadal
variability of Silk Road pattern (SRP) teleconnection are dem-
onstrated and which is important in modulating climate over
the east Asia.

93. Lin JS, Wu B, Zhou TJ. Is the interdecadal circumglobal
teleconnection pattern excited by the Atlantic multidecadal oscil-
lation? Atmos Ocean Sci Lett. 2016;9:451-7.

94. Wu B, Lin J, Zhou T. Interdecadal circumglobal teleconnection
pattern during boreal summer. Atmos Sci Lett. 2016;17:446-52.

95.  Monerie PA, Robson J, Dong B, Dunstone N. A role of the
Atlantic Ocean in predicting summer surface air temperature over
North East. Asia? Clim Dyn. 2018;51:473-91.

96. Zhang Z, Sun X, Yang XQ. Understanding the interdecadal vari-
ability of East Asian summer monsoon precipitation: joint influ-
ence of three oceanic signals. J Clim. 2018;31:5485-506.

97. Nakamura H, Fukamachi T. Evolution and dynamics of summer-
time blocking over the Far East and the associated surface
Okhotsk high. Q J R Meteorol Soc. 2004;130:1213-33.

98. Iwao K, Takahashi M. A precipitation seesaw mode between
northeast Asia and Siberia in summer caused by Rossby waves
over the Eurasian continent. J Clim. 2008;21:2401-19.

99.e¢ Xu P, Wang L, Chen W. The British-Baikal Corridor: a
teleconnection pattern along the summertime polar front jet over
Eurasia. J Clim. 2019;32(3):877-96. The British-Baikal
Corridor (BBC) pattern teleconnection and associated cli-
mate anomalies are investigated. They suggested that this
BBC pattern is the dominant mode along the upper-tropo-
spheric polar front jet (PFJ) in boreal summer and will have
strong impact on northeast Asian climate.

100. Li CF, Lin ZD. Predictability of the summer East Asian upper-
tropospheric westerly jet in ENSEMBLES multi-model forecasts.
Adv Atmos Sci. 2015;32(12):1669-82.

101. Chowdary JS, Xie SP, Lee JY, Kosaka Y, Wang B. Predictability of
summer Northwest Pacific climate in 11 coupled model hindcasts:
local and remote forcing. J Geophys Res. 2010;115:D22121.

102. Kosaka Y, Chowdary JS, Xie SP, Min YM, Lee JY. Limitations of
seasonal predictability for summer climate over East Asia and the
Northwestern Pacific. J Clim. 2012;25:7574-89.

103. LeeJY, Wang B, Ding Q, Ha KJ, Ahn JB, Kumar A, et al. How
predictable is the northern hemisphere summer upper-tropospheric
circulation? Clim Dyn. 2011;37:1189-203.

104. Shin SH, Moon JY. Prediction skill for the east Asian winter mon-
soon based on APCC multi-models. Atmosphere. 2018;9:300.

105. Zhang Y, Takahashi M, Guo L. Analysis of the East Asian sub-
tropical westerly jet simulated by CCSR/NIES/FRCGC coupled
climate system model. J Meteorol Soc Jpn. 2008;86:257-78.

@ Springer

106. Nitta T. Convective activities in the tropical western Pacific and
their impacts on the Northern Hemisphere summer circulation. J
Meteorol Soc Jpn. 1987;65:165-71.

107. Kosaka Y, Nakamura H. Structure and dynamics of the summer-
time Pacific-Japan teleconnection pattern. Q J R Meteorol Soc.
2006;132:2009-30.

108. Chowdary JS, Attada R, Lee JY, Kosaka Y, Ha KJ, Luo JJ, et al.
Seasonal prediction of distinct climate anomalies in summer 2010
over the tropical Indian Ocean and South Asia. J Meteorol Soc
Jpn. 2014;92:1-16.

109. Taylor KE, Stouffer RJ, Meehl GA. An overview of CMIPS and
the experiment design. Bull Am Meteorol Soc. 2012;93:485-98.

110. Choi J, Lu J, Son SW, Frierson DMW, Yoon JH. Uncertainty in
future projections of the North Pacific subtropical high and its
implication for California winter precipitation change. J Geophys
Res Atmos. 2016;121:795-806.

111.» Horinouchi T, Matsumura S, Ose T, Takayabu YN. Jet-
precipitation relation and future change of mei-yu/baiurainband
and subtropical jet in CMIP5 coupled GCM simulations. J Clim.
2019;32:2247-59. The future change of the mei-yu—baiu
rainband meridional shifts in association with the subtropical
jet by using CMIPS is explored. Highlighted the importance
of the subtropical jet to investigate possible future changes of
the baiu rainband.

112.  Huang DQ, Zhu J, Zhang YC, Huang AN. Uncertainties on the
simulated summer precipitation over Eastern China from the
CMIP5 models. J Geophys Res Atmos. 2013;118:9035-47.

113. Huang F, Xu Z, Guo W. Evaluating vector winds in the Asian-
Australian monsoon region simulated by 37 CMIP5 models. Clim

Dyn. 2018:1-7. https://doi.org/10.1007/s00382-018-4599-z.

114. Chen X, Zhou T. Distinct effects of global mean warming and
regional sea surface warming pattern on projected uncertainty in
the South Asian summer monsoon. Geophys Res Lett. 2015;42:
9433-9.

115. LiG, Xie S-P, He C, Chen Z. Western Pacific emergent constraint
lowers projected increase in Indian summer monsoon rainfall. Nat
Clim Chang. 2017; 7(10):708-12. https://doi.org/10.1038/
nclimate3387.

116. Lee JY, Wang B, Seo KH, Kug JS, Choi YS, Kosaka Y, et al.
Future change of Northern Hemisphere summer tropical—
extratropical teleconnection in CMIP5 models. J Clim.
2014:;27(10):3643-64.

117.  Yadav RK, Srinivas G, Chowdary JS. Atlantic Nifio modulation of
the Indian summer monsoon through Asian jet. Npj Climate and
Atmospheric Science. 2018;1:23.

118. Dee DP, Uppala SM, Simmons AJ, Berrisford P, Poli P, Kobayashi
S, et al. The era-interim reanalysis: configuration and performance
of the data assimilation system. Q J R Meteorol Soc.
2011;137(656):553-97.

119. Kanamitsu M, Ebisuzaki W, Woollen J, Yang S-K, Hnilo JJ,
Fiorino M, et al. NCEP-DOE AMIP-II reanalysis (R-2). Bull
Am Meteorol Soc. 2002;83:1631-43. https://doi.org/10.1175/
BAMS-83-11-1631.

120. Takaya K, Nakamura H. A formulation of a phase-independent
wave-activity flux for stationary and migratory quasigeostrophic
eddies on a zonally varying basic flow. J Atmos Sci. 2001;58(6):
608-27.

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.


https://doi.org/10.1007/s00382-018-4599-z
https://doi.org/10.1038/nclimate3387
https://doi.org/10.1038/nclimate3387
https://doi.org/10.1175/BAMS-83-11-1631
https://doi.org/10.1175/BAMS-83-11-1631

	The Eurasian Jet Streams as Conduits for East Asian Monsoon �Variability
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	The Eurasian Jets and EAWM
	The Eurasian Jets and EASM
	Predictability of the Eurasian Jet Variability and Impacts
	Future Projections in CMIP5 Simulations
	Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance



