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Abstract Based on 1951-2014 reanalysis and observational datasets, the coupling relationships among the summer
rainfalls over North China (NCSR) and India (ISR) and global sea surface temperature (SST) are analyzed. With the
multivariate empirical orthogonal function (MEOF) method, the dominant coupling modes among NCSR, ISR and SST
have been identified. The results show that there exist significant coupling relationships among them on the interannual
scale. The NCSR and ISR tend to increase/decrease synchronously under La Nifia/El Nifio condition with cooler/warmer
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SST over the central and eastern equatorial Pacific in the concurrent summer. However, such a relationship between

NCSR and ISR does not always hold. If the SST pattern is in the decaying phase of the El Nifio event from the preceding

winter to spring, summer rainfall over western India increases but the NCSR is likely to decrease. It is accompanied by

the weakening of the positive phase of Indian Ocean Dipole (IOD) from the preceding winter, which weakens the East

Asia summer monsoon in the concurrent summer. In addition, the circumglobal teleconnection pattern (CGT) connecting

ISR and NCSR is inactive, since the above-normal ISR mainly occurs over western India. These results are helpful for

in-depth understanding of the role SST plays in the relationship between the summer rainfalls over North China and India,

and thus provide some clues for the prediction of North China summer rainfall.

Keywords Multivariate empirical orthogonal function (MEOF), North China summer rainfall, ENSO, Indian summer

rainfall, Indian Ocean Dipole (I0D)
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Fig. 1 Correlation maps of Asian summer rainfall with (a) North China summer rainfall and (b) Indian summer rainfall. The contour interval is 0.1 and zero

lines are omitted. Dark (light) shading denotes significance above the 95% (90%) confidence level. The black-bordered boxes in (a) and (b) indicate North

China and India, respectively
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Fig. 2 Composite summer rainfalls for (a) strong ISM (Indian Summer Monsoon) years with above-normal summer rainfall over North China, (b) strong ISM

years with below-normal summer rainfall over North China, (c) weak ISM years with below-normal summer rainfall over North China, (d) weak ISM years

with above-normal summer rainfall over North China. The contour interval is 20 mm and zero lines are omitted. Dark (light) shading denotes significance

above the 95% (90%) confidence level. The black-bordered boxes in each panel indicate North China and India, respectively
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Table 1 Years of four clusters corresponding to four
different relationships between anomalous Indian summer
and North China
precipitation. E/L/N represents the El Nifio/La Nifia/neutral
phase of the sea surface temperature pattern in the central
and east equatorial Pacific. N-E indicates that it is in
neutral phase in the preceding winter and El Nifio phase in

monsoon  precipitation summer

the summer. L’-L indicates that it is in La Nifia phase in the
preceding winter and relatively weak La Nifia phase in the

summer
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Fig. 3 Composite SSTAs (interval: 0.2°C) for strong ISM years with above-normal summer rainfall over North China in (a) preceding winter, (b) preceding

spring, (¢) summer. (d), (e), (f) Same as (a), (b), (c), but for weak ISM years with below-normal summer rainfall over North China. Dark (light) shading denotes

significance above the 95% (90%) confidence level
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