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reflects the AMO signal (Fig. 4c), which is significantly correlated with increased rainfall 319 

over South Africa and Australia, but decreased rainfall over South America, which may 320 

cancel out with each other and result in an insignificant trend in the total SH GMP. The 321 

correlation coefficient between PC2 (SST) and the unsmoothed AMO is 0.82 (Fig. 4d). The 322 

third mode indicates the CP ENSO, which is similar to that during the boreal summer except 323 

for explaining a reduced percentage of the total covariance. As shown in Fig. 4(e), the 324 

precipitation anomalies induced by the CP ENSO is less coherent compared to those induced 325 

by the EP ENSO. In general, the CP warming tends to increase the oceanic rainfall, while 326 

suppress the land rainfall over the SH. Figure 4(f) depicts the PC3s and the NINO4 index, 327 

where the correlation coefficient between PC3 (SST) and the CP ENSO (NINO4) during the 328 

boreal winter is 0.31. As seen from Fig. 4(f), the NINO4 seems to match well with the PC3s 329 

series especially after the mid-1990s, probably due to the increasing intensity as well as 330 

occurrence frequency of the CP ENSO since the 1990s (Lee and McPhaden 2010). 331 

c. AGCM simulations 332 

Figures 5 and 6 illustrate the regression patterns of observed and simulated global 333 

precipitations onto the AMO/NINO3 index, during the boreal summer and winter, 334 

respectively. In general, all AGCMs have reproduced similar regression patterns shown in the 335 

observations regardless of the different resolutions for each AGCM. 336 

During the boreal summer (Fig. 5), the strengthened AMO was simulated to increase 337 

precipitation over West Africa and Central America, and to decrease precipitation over 338 

ANWP. As seen from the right panel of Fig. 5, the EP warming was simulated to increase 339 
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Figure 2. (a) Northern Hemisphere (NH) global monsoon precipitation (GMP) computed 744 

from area average over the WAF, ANWP, and NAM domains. The blue and green lines 745 

indicate the GPCP and CMAP data sets, respectively. (b) is the same as (a), but for the 746 

Southern Hemisphere (SH) GMP computed from area average over the EAF, AUS, and SAM 747 

domains. The linear trends in GMP are indicated by black/grey lines. The correlation 748 

coefficients (CORR) between GPCP and CMAP GMPs are plotted in the lower right corner.  749 
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Figure 4. Same as Fig. 3, except for DJFM SH GMP and DJFM SST. The CC between 766 

PC1s/PC2s/PC3s for SH GMP and SST is 0.92/0.90/0.89. The CC between PC1/PC2/PC3 for 767 

the SST pattern and the DJFM NINO3/DJFM unsmoothed year-to-year AMO/ DJFM NINO4 768 

index is 0.94/0.82/0.31. 769 
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Figure 6. Same as Fig. 5, except for the simulated DJFM global precipitation (unit: mm/day) 785 

regressed onto the DJFM AMO (left) and NINO3 (right) indices. 786 
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Figure 7. Correlation coefficients of OLR (shading) and 200-hPa divergent wind (vector) 791 

with the NH (a) and SH (b) GMP indices obtained from the GPCP data. The magnitudes of 792 

vectors indicate the square root of correlation coefficients of zonal and meridional velocities 793 

with PCs. The linear trends have been removed from the GMP indices. 794 
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Figure 11. Same as Fig. 10, except for the heat waves (HWs).  831 
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