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of the EAJS relationship to the OLR anomalies in
preceding summer occurs. Figure 2B shows the dis-
tribution of time-lagged correlation coefficients be-
tween the winter EAJS indices (Iym) and the OLR
anomalies in preceding July. In comparison with Fig-
ure 2A, both the areas with large magnitudes of time-
lagged correlation coefficients and areas with signifi-
cant levels of 5% or higher in Figure 2B are smaller
for the OLR anomalies in preceding July. Nevertheless,
positive correlation between Iy and the anomalous
OLR fields in preceding July still exists over Indone-
sia, except that correlation values and ranges are sm-
aller in comparison with the anomalous OLR fields in
preceding October. For the case of the anomalous OLR
fields in preceding July, negative correlation over
the central Pacific Ocean moves eastward, and nega-
tive correlation disappears over the western Indian
Ocean. Therefore, the summer-time OLR anomalies
over Indonesia are also a very useful indicator for the
winter-time meridional migration of the EAJS.

4. Processes Analysis of the Impact of Tropical
Convection Activities

4.1 Circulation Characteristics Associated with
Meridional Migration of the EAJS

The analysis and discussion presented in the previous
section indicate a certain relationship between the tro-
pical convection over Indonesia and the winter mer-
idional migration of the EAJS. In this section, we
examine the atmospheric circulation associated with

the winter meridional migration of the EAJS (Iyy) to
improve our knowledge on the important mechanisms
and dynamic connection between the tropical convec-
tion and the meridional migration of the winter EAJS.
Figure 3 presents the distribution of correlation coef-
ficients between Iy and zonal winds at 200 hPa in
winter. The correlation coefficients are positive over
the south side and negative over the north side of the
climatological winter-mean subtropical westerly jet str-
eams. This indicates that the meridional displacements
of the EAJS are strongly linked to meridional displa-
cements of the whole subtropical westerly winds. It sh-
ould be noted that the correlation coefficients are posi-
tive over large areas from the south side of the EAJS
to the tropical region on the South Hemisphere. This
suggests that, when the winter EAJS has an abnormal
southward displacement, large westerly anomalies oc-
cur over the same region, with strengthened westerly
winds over the subtropical westerlies and weakened
equatorial easterly winds. Over the eastern part of the
equatorial Pacific Ocean the correlations are negative,
which indicates the westerly winds are weakened over
this region for the southward migration of the EASJ.
Therefore, the meridional migration of the winter
EAJS is strongly linked to the changes in the atmos-
pheric circulation over the Pacific and Indian Oceans.
Previous studies indicated that changes in the in-
tensity and meridional migration of the EAJS are
linked reasonably to meridional gradients of air tem-
peratures in the middle and upper troposphere (Kuang
and Zhang, 2006). During the heating period from the
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Figure 3. Correlation coefficients between the meridional migration index of the EASJ and 200 hPa zonal wind in winter (contour
interval is 0.2). The green shading shows the t-test significance at the 5% level. The dashed yellow lines mark the 1500 m above the
sea level. The red line is the climatological mean 200 hPa zonal wind greater or equal 30 m/s (contour interval is 10).
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The center of positive temperature anomalies is locat-
ed to the south of the Yangtze River. On the south side
of the largest positive temperature anomaly, both the
thermal winds and westerly winds are decreased. Over
the north side, both the thermal winds and westerly
winds are increased. As a result, the winter EAJS has a
significant northward migration. It can be concluded,
therefore, that the air temperature anomalies over the
south side of the EAJS are important factors affecting
the meridional migration of the winter EAJS.

The above analysis indicates that the meridional
migration of the winter EAJS is affected significantly by
tropical convection. The tropical convection plays an
important role to the Hadley circulation. Hadley cir-
culation is an important large-scale meridional atmo-
spheric circulation that exchanges the momentum,
heat, moisture and air mass between the tropical and
extra-tropical regions of the North and South Hemi-
spheres (Ye and Yang, 1955; Ye and Zhu, 1958; Wu,
1988; Trenberth and Stepaniak, 2003). The heat ab-
sorbed by the tropical oceans accounts for the majority
of the total amount of solar energy absorbed by the
Earth surface and atmosphere. Part of this total heat
and solar energy is transported by the Hadley circula-
tion from tropical ocean to other regions.

Changes in the upper troposphere have global-
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scale characteristics much more than the changes in
the middle and lower troposphere. Dynamically, the
thermal imbalance in the tropical atmosphere can lead
to the divergent circulation, and this divergent circula-
tion is linked to the planetary-scale Walker circulation
and Hadley circulation. It is expected, therefore, that
the horizontal divergence field should have differ-
ent characteristics for two cases of large southward
(D_South) northward (D_North) displacements of the
winter EAJS. Figure 5 presents composites of diver-
gent wind velocity and horizontal divergence at 200
hPa in two these cases. In case D_South (Figure 5A),
large abnormal high-level divergence occurs over the
whole region of East Asia except for central Tibet.
The center of the abnormal high-level divergence is
located in the area south of the Yangtze River over the
south side of the EAJS. This indicates that over that
regions the ascending movement of air mass is stre-
ngthened. As the air mass rises, its temperature de-
creases, resulting in large negative temperature anom-
alies. Abnormal high-level convergence occurs over
the tropical western Pacific Ocean, with its center lo-
cated near Indonesia and the Philippines. In this case,
the Hadley circulation is weakened, and the abnormal
divergent winds are nearly northerly over a large re-
gion from Indonesia to the area south of the Yangtze
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Figure 5. Composite of divergent wind (units: m/s) and divergence (units: 10%s) anomalies at 200 hPa for the southward (A) and
northward (B) migration of the EASJ in winter. The green shading shows the t-test significance at the 5% level. The dashed yellow

lines mark the 1500 m above the sea level.
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River. This results in weakened southerly winds, de-
creased heat transport to the southern China, and re-
duced air temperature in the region.

In case D North (Figure 5B), large abnormal high-
level convergence occurs over the regions south of the
Yangtze River, north of the Yellow River, and eastern
part of Qinghai-Tibet Plateau, with its centers located
over the eastern Tibetan Plateau and the region south
of the Yangtze River. The air mass descends and gains
the heat. Due to the strengthened convection over In-
donesia in this case, high-level divergence occurs over
the tropical western Pacific, with its center located
over the region close to Malaysia and the South China
Sea. This suggests that the Hadley circulation is en-
hanced, and the abnormal divergent winds are nearly
southerly over the region from the Yangtze River to
the South China Sea. Over this region, there are posi-
tive temperature anomalies due to large transport of
warm air mass from the tropics to this region by the
abnormal nearly southerly divergent winds.

4.2 Effect of Tropical Convection on Meridional
Migration of EAJS

As discussed above, significant correlation between
the tropical convection and the meridional migration
of the winter EAJS is due to the fact that convective
activities over Indonesia affect significantly the at-
mospheric circulation in the region to the south of the
EAIJS. In this section we examine the response of the
atmospheric circulation to the tropical convection us-
ing the following three indices: (a) the intensity index

for the tropical convection over Indonesia (Irc), (b)
meridional migration index for the EAJS (Iyv); and (c)
intensity index for the EAJS (Ijs). The intensity index
(Itcy) for the tropical convection over Indonesia is de-
fined as the mean OLR value averaged over the area
of (110°E-130°E, 5°S—10°N). The meridional migra-
tion index (Inp) for the EAJS has the same definition
as given in section 3, which is defined as the differ-
ence in zonal winds at 200 hPa between the area of
(100°E—-115°E,15°N-25°N,) and the area of (100°E—
115°E, 30°N-40°N) in winter months. The intensity
index (Iysp) for the EAJS is defined as the winter-time
zonal winds at 2 00 hPa averaged over the area of
(127.5°E-155°E, 30°N—-35°N). It should be noted that
the correlation coefficients between the Ipc and the
monthly mean OLR fields have the same spatial dis-
tributions as shown in Figure 1. This indicates that
abnormal changes in the tropical convection over In-
donesia should result in abnormal changes in the trop-
ical convection in the Pacific-Indian Ocean.

A correction analysis is conducted between time se-
ries of these three indices (Figure 6). The analysis
shows that the meridional migration index of the win-
ter EAJS (Iynm) is strongly correlated to the tropi-
cal convection index (Itc), with the correlation coeffi-
cient of about 0.87 at the confidence level of 99%.
The winter EAJS has a large northward (southward)
migration when the westerly winds of the EAJS are
strong (weak) (Mao et al, 2007). The migration index
of the EAJS (Imy) is negatively correlated to the in-
tensity index of the EAJS (Ijs;), with the correlation
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Figure 6. Normalized deviation of the meridional migration index (Iypy, red), intensity index for the EAJS (Ijg, black) and the inten-

sity index for the tropical convection over Indonesia (Itcj, green line) from winter of 1980/1981-2010/2011.
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Consequently, the large temperature gradients move
northward (not shown). Since the position of the EAJS
core is also the position of largest temperature gradi-
ents, the EAJS have northward migration for negative
OLR anomalies. The opposite happens for positive
OLR anomalies. These results are consistent with the
general distribution of the air temperatures shown in
Figure 4.

Large temperature anomalies inevitably lead to
large wind anomalies. Figure 7C presents the distribu-
tion of correlation coefficients (Rycrwnp) between the
tropical convection index (Itc;) and 200 hPa zonal
winds. Consistent with correlation coefficients shown
in Figure 3, the values of Rrcpwnp are positive over
regions from the tropical part of the eastern Indian
Ocean to New Guinea, and negative over the cen-
tral-eastern Pacific Ocean. This indicates that, in
the case of enhanced tropical convection over Indone-
sia, anomalous easterly winds prevail from the eastern
Indian Ocean to New Guinea, and anomalous westerly
winds prevails over the central-eastern Pacific Ocean.
By including the climatological mean condition, the
Walker circulation is enhanced. In the case of reduced
tropical convection over Indonesia, the Walker circu-
lation is weakened. It should be noted that the values
of Rrcrwnp are positive over the south side of the
EAJS up to the tropics of the South Hemisphere, with
its center located in the tropics. Over the north side of
the EAJS, the values of Rrc.wnp are negative. Based
on the thermal wind theory, in the case of reduced
tropical convection over Indonesia, anomalous west-
erly winds occur over the region south of the Yangtze
River, and anomalous easterly winds over the north
side. This leads to the southward migration of the
EAJS. In the case of enhanced tropical convection
over Indonesia, the opposite happens. This suggests
that the anomalous tropical convection over Indonesia
affects the vertical air movement above the Equator,
not only through the Walker circulation, but also thr-
ough the Hadley circulation. The latter directly modi-
fies the EAJS and are temperature over the south side
of the EAJS, which in turn affects the meridional po-
sition of the EAJS.

5. Summary and Conclusion

This study examined the atmospheric circulation as-
sociated with large meridional migration of the East
Asia jet stream (EAJS) in winter and physical connec-
tions between abnormal activities of tropical convec-

tion over Indonesia and the abnormal meridional mi-
gration of the winter EAJS. The gridded monthly
mean fields of Outgoing Longwave Radiation (OLR)
and the monthly circulation fields extracted from the
NCEP/NCAR atmospheric reanalysis dataset were
examined and analyzed. The results presented in this
paper demonstrated that, in the case of weakened ac-
tivities of tropical convection (i.e., positive OLR
anomalies) over Indonesia, the winter EAJS has a
large southward displacement. In the case of enhanced
activities of tropical convection (i.e., negative OLR
anomalies) over Indonesia, by comparison, the EAJS
has a large northward displacement. It was also found
that the preceding autumn-time (even preceding sum-
mer-time) OLR anomalies over Indonesia provide a
good indicator for the winter-time meridional migra-
tion of the EAJS.

The atmospheric circulation associated with the
large meridional migration of the winter EAJS fea-
tures air temperature anomalies over the EAJS and its
south side, with the center of large temperature anom-
alies located over the region south of the Yangtze Riv-
er. Air temperature anomalies result in air pressure
anomalies. For the case of weakened tropical convec-
tion around Indonesia, ascending of the air mass at
high altitudes over this region is reduced, and the
Hadley circulation is weakened over the meridional
region of the western Pacific Ocean. The air mass over
the south side of the EAJS core rises abnormally
and cools down. The nearly southerly divergent winds
at high altitudes over the region are weakened, and
heat transport is reduced from tropics to the regions
south of the Yellow River in this case, resulting in re-
duced air temperature over the EAJS and its south side.
The center of anomalous air temperatures matches to
the center of the horizontal divergence at high alti-
tudes in the region south of the Yangtze River. Over
the north side of the EAJS, the air temperature rises
only slightly in this case. It leads to enhanced thermal
winds over the region south of the Yangtze River and
increased westerly winds at high altitudes. Over the
north side, the thermal winds are reduced, and west-
erly winds at high altitudes are reduced. As a result,
the EAJS has alar ge southward displacement. The
opposite happens for the case of enhanced tropical con-
vection around Indonesia.
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