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Fig.1  Distribution of the monsoon regions in different
areas of the global monsoon system and Afro-

Asian monsoon regions ( Dotted box area: Afro-

Asian monsoon regions; The data displayed in the

figure are prepared based on the average results of

26 CMIPS models from 1985 to 2005, with the
resolution of 2.5° x 2.5° (IPCC, 2013) ; NAF:

North African monsoon system; SAS:South Asian
monsoon system; EAS; East Asian monsoon sys-

tem)
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Fig.2 Distributions of averaged (a) precipitation and low-level wind field(m -

going long-wave radiation (OLR;W - m™*) ,and (d) divergence field(m -

s™'),(b) relative vorticity (107 s™"), (¢) out-

s™') in the Afro-Asian summer monsoon sys-

tem from June to August during 1979—2014 (Ding and Li,2016)
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AMO index) in the North Atlantic from
running average) (Li et al.,2017)
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Long-term variability of interdecadal sea surface temperature anomalies ( orthogonal

1901 to 2014 ( Solid line represents 11-year
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(a) Time series of precipitation component obtained by the multivariate EOF analysis of precipi-
tation and 850 hPa wind fields in the Afro-Asian summer monsoon region from June to August
during 1901—2014; (b) same as (a) ,but for the PCI of the first EOF component during 1979—
2014 ( cold water period and its transition to warm water period); (c) same as (b), but for

Africa; (d)same as (b) ,but for India; (e)same as (b) ,but for East Asia (Li et al.,2017)
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indicate precipitation anomalies with the unit of mm/d) ,and (b)its orthogonal time coefficients ( PCI) ( Grey line is the

11-point moving average curve of PCI) (Ding and Li,2016;Li et al.,2017)
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Fig.6 ASM precipitation anomaly distribution in (a) AMO warm phase and (b) AMO cold phase ( Cold and warm phases are
selected as the years with orthogonal indexes absolute value>0.5 ¢ ;values above a 95% confidence level are represented

by the dots;red and blue shaded areas are the negative and positive precipitation anomalies with the unit of mm/d,respec-
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Fig.7 Schematic diagram of teleconnection effect of AMO warm phase to ASM precipitation (L and H indicate

the surface anomalous warm cyclone and subtropical anticyclone systems,respectively ; A and C are anoma-

lous anticyclone and cyclone in the upper troposphere, respectively ; dotted line with arrow represents the

teleconnection wave train during the AMO warm phase) (Li et al.,2017)
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Fig.8 Differences in (a) surface air temperature (units: C) and (b) sea level pressure (units;hPa) in the Eura-

sian region and its adjacent oceanic areas under the conditions of the AMO cold phase and warm phase ( the

warm water period minus the cold water period; “+” and “-" represent the positive and negative anomalies

of surface air temperature and sea level pressure, respectively;red shaded areas denote positive differences

and blue shaded areas denote negative differences) (Li et al.,2017)
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Fig.9 Distributions of precipitation anomaly percentages in India and the Tibetan Plateau during(a) the weak phase( from 1971

to 1995) and the strong phase( from 1996 to 2017) of Afro-Asian summer monsoon( from June to August) ,and(c) their

differences( the strong phase minus the weak phase) (units:% ;the weak and strong phases correspond to the cold and

warm water periods of the AMO ,respectively ;blue and red shaded areas indicate positive and negative anomalies, respec-

tively)
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Fig.10 EOF modes of interdecadal variations of East Asian summer monsoon precipitation affected by different AMO modes

from 1880 to 2001 ( Si and Ding,2016) : (a) EOFI1 (corresponding to the cold phase) ; (b) EOF2 ( corresponding to the

warm phase)
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Fig.11 Interdecadal evolutions of the PDO and the location of summer monsoon rain belt in China( Na-
tional Climate Center,2018) : (a) precipitation anomalies ( blue and red shaded areas represent

the positive and negative anomalies, respectively) and (b) SST anomalies
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Fig.12 Latitude-time cross-section of summer (from June to August) precipitation anomaly percentage

20°N

in eastern China during 1948—2017 (units: % ;shaded areas represent positive anomalies)
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Fig.14 Snow depth index observed by 72 stations in the Tibetan Plateau in (a) winter ( from December to next February) and

K 14

(b) spring (from March to May) from 1960 to 2015 (units:cm/d ;horizontal line is the average of the corresponding pe-

riod) (Ding et al.,2018)
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Fig.15 Annual evolution curve of vertically integrated apparent heat source( Q,) in the Tibetan Plateau
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Variation curve of land-sea thermal differences between the land areas of East Asia and the

Fig.16
surrounding sea areas of Western Pacific and Indian Ocean from 1951 to 2017 ( Land and
sea areas are shown by the illustration in Fig.16; The land-sea thermal differences are cal-

culated based on the average land and sea Q,;Fig.16 is drawn by updating the original

land-sea thermal difference curve presented by Ding et al.(2009) )
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Fig.18 Summary of possible causes of interdecadal variation of the East Asian summer monsoon ( Shaded areas indicate that the

Tibetan Plateau is characterized by snowy winter and spring conditions, with positive SST anomalies, strong atmospheric

heat sources (Q,),and anomalous rainy conditions; Thick arrows represent the summer monsoon flow) (Ding et al.,

2008) : (a) the strong East Asian monsoon precipitation conditions; (b) the weak East Asian monsoon precipitation con-

ditions
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Fig.19 Long-term time series of (a) the Pacific Decadal Oscillation (PDO) index and (b) the Atlantic Multi-decadal Oscilla-

tion (AMO) index from 1880 to 2011 (Red is positive,blue is negative and dotted line is annual index) (Ding et al.,

2018)
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Interdecadal variation of Afro-Asian summer monsoon : coordinated effects
of AMO and PDO oceanic modes
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The Afro-Asian summer monsoon system includes the African summer monsoon, the South Asian summer
monsoon and the East Asian summer monsoon.It is considered to be a subsystem of the global monsoon system,
characterized with a highly consistent variability , which is mainly due to the same main driving forces.For exam-
ple,there are oceanic multi-decadal variability modes in the North Atlantic and northern Pacific oceans, which are
referred to as the AMO ( Atlantic Multi-decadal Oscillation ) and PDO ( Pacific Decadal Oscillation) oceanic
modes, respectively. Therefore , starting from this point,this paper has first analyzed the forcing and teleconnection
effects of the AMO mode on the Afro-Asian summer monsoon, with a special emphasis placed upon the role of
the AMO in the interdecadal transitions of the Afro-Asian summer monsoon and the occurring rainfall rate.Sec-
ond, this paper has discussed the coordinated effects of the PDO and the preceding winter and spring snow cover-
age over the Tibetan Plateau on East Asia summer monsoon rain belts. Then, on the above-mentioned basis, the
coordinated effects of the AMO,PDO and IOBM ( Indian Ocean Basin Mode) are clearly identified.It should be
pointed out that the IOMB oceanic mode is considered to be independent from the combined effects of the AMO
and PDO oceanic modes in regard to the interdecadal scale effects,and has mainly played an enhancement role in

the activities of the East Asian summer monsoon.

Atlantic Multi-decadal Oscillation ( AMO ) ; Pacific Decadal Oscillation ( PDO ) ; global monsoon system ; co-

ordinated effects of Afro-Asian summer monsoon
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