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pattern for the circulations over the upper and lower layers of EASM. In this paper, the variation, mechanisms, temporal
and spatial stability of the coupling wheels as well as their impacts on abnormal precipitation over China in the East
Asian summer monsoon (EASM) region are diagnosed and analyzed using Multi-Variable Empirical Orthogonal
Function (MV-EOF). On the basis of the above work, conceptual models are constructed for typical coupling wheels in
the EASM and their impacts on summer rainfall. Our results show the coupling wheels are manifested in interannual
variation (with the period of about 2-6 years) and forced by vertical temperature and pressure fields as well as the large
terrain of the Tibet Plateau. The first two modes of the coupling wheels are stable and reflect typical linkages between the
EASM members. In the first mode, the Northern Cyclone (NC), the South Asian high (SAH) and the western Pacific
subtropical high (WPSH) are the major coupling components. As a barotropic system, the NC couples with the SAH
through westerly winds on its southern side, while the SAH interacts with the WPSH by divergent descending air flow in
the eastern part of middle-latitude area. When this mode enhances, summer rainfall distribution in China shows a pattern
of “4—-4—" from north to south. The second mode mainly reflects the coupling characteristics of the mid- and high-
latitude cyclones, the East Asian subtropical westerly jet (EASWI), the SAH, the Northwest Pacific anticyclone (NPA)
and the WPSH. As barotropic systems, the mid- and high-latitude cyclones and NPA are linked by southeasterly winds. In
addition, the cyclones are coupled with the SAH and the EASWI through westerly winds on the southern side of the
cyclones in upper layers. While the intensity and area of the WPSH are affected by easterly winds on the southern side of

the NAP in lower layers. Enhancement of this coupling mode is favorable for more precipitation over areas to the north of

43 %
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the Yellow River and the HETAO region, but less rainfall would occur to the south of the Yellow River.
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VE e TR X 3 MV-EOF 43 #7 1%
1 (0°~70°N,60°E~160°E) 200 hPa #1850 hPa X%
2 (20°N~50°N,80°E~140°E) 200 hPa 11850 hPa X%
3 (10°N~60°N,60°E~160°E) 200 hPa 11850 hPa X%
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13 (10°N~60°N,70°E~150°E) 200 hPa.850 hPa 37 A1 [H 160 3t 47K &
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16 (90°S~90°N,0°~360°) 200 hPa 1850 hPa JA3%
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Fig. 1

Spatial distribution of (a, e) the first, (b, f) second, (c, g) third, and (d, h) four MV-EOF modes of 200 hPa (top line) and 850 hPa (bottom

line) wind fields over the region of (10°N-60°N, 70°E-150°E) in the summers from 1981 to 2014. Variance contributions by the first four modes are
13.86%, 11.18%, 9.00%, and 8.63%, respectively. The areas shaded in gray indicate terrain height above 1500 m
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Table 2 Correlation coefficients between Principle Coefficients of the first four MV-EOF modes of 200 hPa and 850 hPa

wind fields over region (10°N-60°N, 70° E-150°E) and nine indices of different monsoon circulation systems in the

summers from 1981 to 2014
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Fig. 2 The Morlet wavelet analysis results of PCs for (a) the first, (b) second, (c¢) third, and (d) four MV-EOF modes of 200 hPa and 850 hPa wind
fields over the region of (10°N-60°N, 70°E-150°E) in the summers from 1981 to 2014. Purple-red shaded areas inside the black solid line indicate

red noise standard spectrum passing the 95% confidence level, and the dotted line indicates COI (cone of influence ), the area outside which would

not be considered for boundary effect
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Fig. 6 (a—h) Meridional-vertical and (i-p) zonal-vertical cross sections of regression fields between the first (first column), the second (second
column), the third (third column), and the four (fourth column) MV-EOF mode PCs of 200 hPa and 850 hPa wind fields and the standardized height,
air temperature in the summers from 1981 to 2014: (a—d) 70°E-110°E; (e-h) 110°E-150°E; (i-1) 35°N-60°N; (m—p) 10°N-35°N. Black lines

represent height regression fields, color-shaded areas represent air temperature regression fields, the area shaded in black indicates terrain
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Fig. 8 The regression fields between (a) the first, (b) second, (c) third, and (d) four MV-EOF PCs of 200 hPa and 850 hPa wind fields and the

standardized precipitation over China in the summers from 1981 to 2014. Shaded areas indicate passing the significant test at the 90% confidence

level; black lines indicate regression coefficients: solid lines are for positive values, dashed lines are for negative values, bold solid lines show the

value of 0 and the interval is 1
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Fig. 9 Regression fields between (a) the first, (b) second, (c) third, and (d) four MV-EOF PCs of 200 hPa and 850 hPa wind fields and the

standardized 500 hPa height in the summers from 1981 to 2014. Black lines are for regression fields; shaded areas indicate regression coefficients

passing the significance test at the 90% confidence level
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Fig. 10 Regression fields between (a) the first, (b) second, (c) third, and (d) four MV-EOF PCs of 200 hPa and 850 hPa wind fields and the whole

layer water vapor flux and its divergence in the summers from 1981 to 2014. Arrows are for regression fields of water vapor flux (units: 10 g cm™

hPa™' s™') and border ones are for regression coefficients passing the significance test at the 90% confidence level; shaded areas represent regression
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Fig. 11  Conceptual models for coupling wheels of the East Asian Summer Monsoon circulation and their impacts on abnormal summer precipitation

in China: (a) The first mode; (b) the second mode. The arrows represent abnormal airflow
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