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FIG_S. 1. Spatial distributions of climatological GPI (grey shading), 850-hPa wind (streamline), 

and genesis location of the WNP TC in (a) JJA and (b) SON using the 1979–2016 climatological 

base period. The climatological genesis locations of TCs, TSs, and TYs are marked with yellow 

triangle, blue dot, and red dot, respectively. The orange squares with numbers denote the 

climatological monthly genesis locations of TCs (number indicates each month). The 

climatological genesis frequencies of TSs and TYs are written at the top of each panel. 
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FIG_S. 2. Spatial patterns of seasonal change in climatological (a) GPCP precipitation (contour 

with interval 1.0 mm day-1), (b) vertically-averaged (1000 to 500 hPa) moist static energy (MSE; 

contour with interval 4.0  103 J kg-1) and 850-hPa moisture flux (10-3 m s-1), (c) vertical wind 

shear (VWS; contour with interval 4.0 m s-1 for the magnitude of VWS and vector for the VWS 

vector), and (d) 850-hPa relative vorticity (3.0  10-6 s-1) from JJA to SON using the 1979–2016 

climatological base period. 
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FIG_S. 3. Percentages (%) of area-averaged relative contributions of each term to the diagnosed 

GPI changes associated with ENSO (Niño3.4) during 1979–2016 over (a) the northern box region 

[20°–30°N, 120°–170°E] in Fig. 2a (JJA), (b) the western box region [5°–30°N, 110°–150°E] in 

Fig. 2b (SON), (c) the southeastern box region [5°–20°N, 140°E–180°] in Fig. 2a (JJA), and (d) 

the southeastern box region [5°–20°N, 150°E–180°] in Fig. 2b (SON). GPI consists of the 

following five large-scale terms: absolute vorticity at 850 hPa (Avor), relative humidity at 700 

hPa (RH), potential intensity (PI), vertical wind shear (VWS), and omega at 500 hPa (Omega). 
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FIG_S. 4. Relative contributions of each term to the diagnosed GPI anomalies due to the 

background-related ENSO’s influence on each large-scale terms. Spatial distributions of the 

anomalous term1 regressed onto Niño3.4 index in JJASON associated with background states 

(climatological four other terms) in JJA (left panels: 0.5 𝛿𝑡𝑒𝑟𝑚1 𝛼1 ) and SON (middle 

panels: 0.5 𝛿𝑡𝑒𝑟𝑚1 𝛼1 ), and difference between the latter and former (right panels: 

0.5 𝛿𝑡𝑒𝑟𝑚1 𝛼1 𝛼1 ). Term1 can be (a, b, and c) absolute vorticity at 850 hPa 

(Avor), (d, e, and f) relative humidity at 700 hPa (RH), (g, h, and i) potential intensity (PI), (j, k, 

and l) vertical wind shear (VWS), and (m, n, and o) omega at 500 hPa (Omega). The right panels 

are same as Figs. 4b–f. Contour intervals are (a, b, j, and k) 0.2, (d, e, g, h, m, and n) 0.1, and (c, f, 

i, l, and o) 0.05. 
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FIG_S. 5. Spatial distributions of anomalous term1 regressed onto Niño3.4 index (left panels) and 

composites of anomalous term1 for EP-type El Niño (middle panels: 1982, 1987, 1997, and 2015) 

and CP-type El Niño (right panels: 1991, 1994, and 2004) in JJASON. Term1 can be (a, b, and c) 

absolute vorticity at 850 hPa (Avor), (d, e, and f) relative humidity at 700 hPa (RH), (g, h, and i) 

potential intensity (PI), (j, k, and l) vertical wind shear (VWS), and (m, n, and o) omega at 500 

hPa (Omega). Contour intervals are (a, b, and c) 0.3, (d, e, and f) 0.1, (g, h, and i) 0.05, (j, k, and l) 

0.02, and (m, n, and o) 0.08. 
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FIG_S. 6. Percentages (%) of area-averaged relative contributions of each term to the diagnosed 

GPI changes for the EP-type El Niño over (a) the northern box region [17°–30°N, 120°–170°E] 

in June–August (JJA), (b) the western box region [5°–30°N, 110°–160°E] in September–

November (SON), (c) the southeastern box region [5°–17°N, 140°E–180°] in JJA, and (d) the 

southeastern box region [5°–20°N, 160°E–180°] in SON, and the CP-type El Niño over (c) the 

southeastern box region [5°–20°N, 140°E–180°] in JJA and (d) the southeastern box region [5°–

20°N, 140°E–180°] in SON. GPI consists of the following five large-scale terms: absolute 

vorticity at 850 hPa (Avor), relative humidity at 700 hPa (RH), potential intensity (PI), vertical 

wind shear (VWS), and omega at 500 hPa (Omega).  
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FIG_S. 7. Composite maps of 200-hPa divergence (contour with interval 0.5  10-6 s-1) and wind 

anomalies for the (a and b) EP-type El Niño and (c and d) CP-type El Niño in JJA (left panels) 

and SON (right panels), respectively. Shadings and vectors (winds in either zonal or meridional 

component) are shown above the 95% percentile confidence level based on the bootstrap method 

using 10,000 bootstrap samples. The WNP region [0°–40°N, 100°E–180°] is delimited by the 

black rectangle. 
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FIG_S. 8. Same as Fig_S. 7, except for 500-hPa upward motion. Contour intervals are (a and b) 

2.0  10-2 Pa s-1 for the EP-type El Niño (c and d) 1.0  10-2 Pa s-1 for the CP-type El Niño, 

respectively. Shadings indicate the significant region at the 95% percentile confidence level 

based on the bootstrap method using 10,000 bootstrap samples. The WNP region [0°–40°N, 

100°E–180°] is delimited by the black rectangle. 
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FIG_S. 9. Composite maps of (a) genesis density of TCs (grid and contour with interval 0.1) and 

(b) GPI (contour with interval 1.0) anomalies for the CP-type El Niño (1991, 1994, 2002, and 

2004) in JJA with rectangles over the western [10°–25°N, 115°–120°E], middle [5°–25°N, 120°–

150°E], eastern [5°–30°N, 150E°–180°] box regions. Shadings are shown above the 95% 

percentile confidence level (but for the 90% percentile confidence level for the genesis density) 

based on the bootstrap method using 10,000 bootstrap samples. Percentages (%) of area-averaged 

relative contributions of each term to the diagnosed GPI changes over the (c) western, (d) middle, 

and (e) eastern box regions. 
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FIG_S. 10. Spatial patterns of climatological track density of TCs (contour with interval 2.0) 

calculated by counting the number of TCs passing through each 5°  5° grid, steering flow (m s-1; 

blue vector), and 5880-m geopotential height (red contour) in (a) JJA and (b) SON during 1979–

2016. 
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FIG_S. 11. Composite maps of anomalous genesis density of TCs (grid and contour with interval 

0.1) calculated by counting the number of TCs forming over each 5°  5° grid for the (a, b, e, and 

f) EP-type El Niño and (c, d, g, and h) CP-type El Niño in JJA and SON, respectively. The best 

track datasets obtained from (a–d) the Joint Typhoon Warning Center (JTWC) and (e–h) the 

China Meteorological Administration (CMA) were utilized. Shadings are shown above the 90% 

percentile confidence level based on the bootstrap method using 10,000 bootstrap samples. 
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FIG_S. 12. Composite maps of anomalous track density of TCs (contour with interval 2.0) for the 

(a, b, e, and f) EP-type El Niño and (c, d, g, and h) CP-type El Niño in JJA and SON, respectively. 

The best track datasets obtained from (a–d) the Joint Typhoon Warning Center (JTWC) and (e–h) 

the China Meteorological Administration (CMA) were utilized. Shadings are shown above the 90% 

percentile confidence level based on the bootstrap method using 10,000 bootstrap samples. 

 


