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Abstract

In summer 2013, on the interannual timescale, the anomalous western Pacific Subtropical high
(WPSH) is featured by the weaker intensity, the smaller controlling zone, the westward extension
and northward shift, which is the main cause for the heat wave event. This study investigated the
influence of sea surface temperature (SST) anomalies by one atmospheric general circulation
model, and analyzed the possible mechanisms of the extreme event. One control experiment and
three sensitive experiments were separately conducted by using different boundary forcings: the
monthly climatological SST, the global SST anomaly, the tropical SST anomaly and the extratropi-
cal SST anomaly in summer of 2013 (from May to August). The results showed that: 1) The global
SST anomaly is in favor of an anomalous weak WPSH. The tropical SST anomaly dominated this ef-
fect. The extratropical SST anomaly would enhance the whole WPSH, playing a secondary role.
Mechanically, the SST anomaly in summer 2013, showing a negative-positive-negative pattern
from the tropical Indian Ocean to the equatorial eastern Pacific, would excite anomalous Walker
circulation, accompanied by (enhanced) weakened zonal westerly (easterly) anomalies at the
low-level. The anomalous zonal winds could induce an anomalous weak western North Pacific an-
ticyclone over its northern side region. On the other hand, along with the simulated anomalous
strong convection, the anomalous ascending branch over the tropical western Pacific shifted
northward and occurred over the entire troposphere. It could induce the anomalous descending
activities over the subtropical region through the Hadley circulation, which were mainly located
over the upper troposphere and shifted more northward, which went against the increase inten-
sity and westward extension of WPSH. 2) In spite of the well-simulated weaker intensity of the
whole WPSH, this model could not capture the anomalous westward extension and northward
shift of the westernmost ridge line point, with an anomalous eastward retreat. Then, in view of the
roles of atmospheric internal variability, we analyzed the probabilistic differences of the WPSH
indices on different SST forcings. It was found that the global SST anomaly, especially the tropical
SST anomaly, would significantly increase the probability of the extreme event that with anomal-
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ous westward and northward extension of WPSH, which means that the heat wave in summer
2013 might be an extreme event on the background of tropical SST anomaly.
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Figure 1. The interannual variability in summer (June-July-August) 2013: (a) gauged air temperature anomaly, the blue rec-
tangle indicates the mid-lower Yangtze River Valley (26°N~34°N, 105°E~123°E) and (b) sea surface temperature (SST)
anomaly (shaded, units: °C) and 850 hPa wind anomaly (vector, units: m/s). (c) Distributions of correlations between the av-
eraged summer rainfall over the mid-lower Yangtze River Valley region and the global SST anomaly, the diagonal line de-
notes the values significant at 90% confidence level.
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Figure 2. Time series of (a) area index, (b) intensity index, (c) westernmost ridge line point and (d) northern ridge line
of the subtropical high over the western Pacific (WPSH) during 1951~2015. Solid (dashed) line indicates the values
after (before) removing the trend and decadal variability that larger than 10-yr. Red line denotes the 2013 case
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Figure 3. Simulated 500 hPa anomalous geopotential height in summer in (a) the global SST anomaly experiment (GLB), (b)
the tropical SST anomaly experiment (TRP) and (c) the extratropical SST anomaly experiment (EXTR) (shaded, units: gpm),
the red contour denote the value of 5880 gpm, the black dashed contour denotes the climatological mean, the diagonal line
denotes the values significant at 90% confidence level
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Figure 4. The distribution of zonal winds along the equatorial (15°S~15°N): (a) simulated and (c) observed climatological
mean, (b) simulated anomalies in CLB and (d) observed anomaies in summer 2013, the diagonal line denotes the values sig-
nificant at 90% confidence level
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Figure 5. Same as Figure 2, but for (a)~(c) the simulated 850 hPa anomalous wind fields (vectors, unit: m/s), (d) observed
anomalous wind fields in summer 2013
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Figure 6. Same as Figure 4, but for the simulated climtoalogical mean and anomalous omega (Units: Pa/s), the blue (red)
shaded denote the descending (ascending) anomaly
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Figure 7. Simulated anomalous zonal circulation in TRP (a) anomalous zonal winds
along the equator (15°S~15°N) and (b) anomalous Omega. the diagonal line denotes
the values significant at 90% confidence level
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Figure 8. Simulated anomalous Omega along the front region of the western part of WPSH (100°~120°E) in (a) GLB and (b)
TRP (the diagonal line denotes the values significant at 90% confidence level), (c) observed climatolgical mean) and (d) ob-
served anomalous Omega in summer 2013
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Figure 9. Same as Figure 8, but for the anomalous meridional wind fields in (a) GLB
and (b) TRP, the diagonal line denotes the values significant at 90% confidence level
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Figure 10. (a) Simulated in TRP and (b) observed OLR anomalies (shaded), the negative value indicate strong convection
activities. The diagonal line denotes the values significant at 90% confidence level
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Figure 11. Simulated PDF distributions of (a) area index, (b) intensity index, (c) westernmost ridge line point and (d) north-
ern ridge line of the WPSH in CLIM (black line), GLB (blue line), TRP (red line) and EXTR (green line)
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