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Tropical Convection: 

A product of Convergence 



East Asian precipitation variability 



 Precipitation: Observation 

Climatological (1979-2015) precipitation (mm/day)  

during summer [CMAP] 

Northeast Asian Summer Rainfall Area (NEASRA)  

    (30~50N, 120~145E) mean precipitation (mm/day) 



 East Asian summer precipitation: Observation 

EOF1, 16.8% 

EOF1 PC 

NEASRA 

mm/day 



 Tropics-related & Extratropics-related rainfall variability: 

Observation 

Tropics-related precipitation: The EOF1 PC time series multiplied by the 

area-mean value of the first eigenvector over the same 

region as NEASRA[30-50N,120E-145E] 

 

Extratropics-related precipitation: NEASRA minus Tropics-related 

precipitation 

Lee et al. (2005) 



 Tropics-related & Extratropics-related rainfall variability: 

Observation 

Black:  NEASRA 

Red  :  Tropics-related 

Residual: Extratropics-related 



Regressed SSTA during D(-1)JF(0) against 

with NEASRA 

Against with 

Tropics-

related 

precipitation 

 Tropics-related & Extratropics-related rainfall variability: 

Observation 

Against with 

Extratropics-

related 

precipitation 



500 hPa GPH  

& NEASRA 
500 hPa GPH  

& Tropics-related 

500 hPa GPH  

& Extratropics-related 

 Tropics-related & Extratropics-related rainfall variability: 

Observation 



How the precipitation variability over East Asia can be affected 

by the tropical forcing ?  

 Fundamental question 



“Teleconnections” 

Alexander et al., (2002) 



Horel and Wallace (1981) 

https://public.wmo.int/en/bulletin/collabor
ative-research-intersection-weather-and-
climate 

Huang et al. (2006) 







Tmax > +1.S.D.  Tmin > +1.S.D. 

Convective forcing  

• 한반도 6월 Tmax, Tmin >+1S.D. OLR 합성도  



Which factors influence the characteristics of 

convection in the tropical Pacific ? 



http://npoce.qdio.ac.cn/background 

Indian Ocean: 

Walker Circulation Atlantic Ocean: 

Walker Circulation 

Monsoon:  

Trough, Cold Surge 

Tropical Pacific Ocean: 

ENSO, PDO,.. 

North Pacific: 

NPO 



Indian Ocean-Tropical Pacific 



    

Precipitation variability in East Asia 

during summer 

 Indian Ocean-East Asian Summer Monsoon 



 Indian Ocean-East Asian Summer Monsoon 

Strong EASM 

With a warm IOBM 

Strong EASM 

with a cold IOBM 



 Indian Ocean-East Asian Summer Monsoon 

Strong EASM 

With a warm IOBM 

Strong EASM 

with a cold IOBM 



 Indian Ocean-East Asian Summer Monsoon 

Strong EASM 

With a warm IOBM 

Strong EASM 

with a cold IOBM 



Strong EASM with a warm IOBM 

minus Strong EASM with a cold IOBM 

Figure 6. The difference of bandpass filtered (30-60 days) OLR variance between the A-type and the B-type strong NEASM. Contour 

interval is 50(w/m2)2 and shading denotes statistical significance at 90% level using a t-test. 



Strong EASM 

With a warm IOBM 

Strong EASM 

with a cold IOBM 







Tropical Pacific Basin 



 Pacific Decadal Oscillation  

http://jisao.washington.edu/pdo/ 



 Tropical Pacific-North Pacific interactions 

: ERSST v3. (1976/77-2012/13, Trend is removed) Jo et al. (2013) 



 North Pacific SST in response to ENSO 

Dec. 

Jan. 

Feb. 



 Atmospheric anomalies in response to ENSO 

Before the late-1990s 

After the late-1990s 



 Atmospheric anomalies in response to ENSO 

Before the late-1990s 

After the late-1990s 



 Outgoing longwave Radiation 

: OLR: NOAA  



 Simple model experiment 

- A simple atmospheric model recently developed by Lee et al. (2009).  

 

- A steady-state two-level model at 250hPa and 750hPa, and spherical-

coordinate primitive equation model, linearized around a specified 

background flow.  

 

-The model uses 18 triangular truncations for the horizontal grid.  

 



 Simple model experiment 

Before the late-1990s 

After the late-1990s 



Precip. : GPCP (total precip. mm) 

Before the late-1990s After the late-1990s 



SAT. : GHCN CAMS surface temperature (Mean air degK) 

Before the late-1990s After the late-1990s 



 Low-frequency change in the tropical Pacific mean state 

1976-1997 

1998-2012 



Changes in the tropical 

Pacific mean state on 

the low-frequency 

timescales  

Changes in the 

convective forcing (OLR) 

in the equatorial Pacific  

This can cause the changes in the atmospheric 

teleconnections from the tropics to the extratropics, leading to 

the different response of temperature and precipitation 



North Pacific-Tropical Pacific 



  CP El Niño years before  

1990 

CP El Niño after 1990 

Year 1963/64, 1968/69, 1977/78, 

1979/80, and 1987/88 

1990/91, 1991/92, 1992/93, 1993/

94, 1994/95, 2002/03, 2004/05, a

nd 2009/10 

Table 1 The years for the CP El Nino-B90 and CP El Nino-A90, 

respectively, in the present study. 

Yeh et al. (2015) 



CP El Niño years 

before 1990 

CP El Niño years 

after 1990 











Regressed OLR against with the longitude of NPO 
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미래 기후 변화 



 CESM large ensemble (CESM-LE) experiment 

All 30 CESM-LE members use the same 

model and the same external forcing.  

 

Each CESM-LE ensemble member has a 

unique climate trajectory due to small 

round-off level differences in their 

atmospheric initial conditions. (Kay et al., 

2015). 

 

Hurrell et al. (2013) 



 Global mean surface temperature anomaly: CESM-LE 

NCEP reanalysis 

Members 1-30 

Ensemble mean 
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CESM-LE Mem.1 historical (1930~2005) 

 
Mean precipitation 

during summer 

 East Asian summer precipitation: CESM-LE 

EOF1, 15.6% 

EOF1 PC 



 East Asian summer precipitation: CESM-LE 

CESM-LE Mem.1 historical (1930~2005) 

 

Black  :  EASRA 

Red: Tropics-related 

blue: Extratropics-related 



CESM-LE no.1 historical (1930~2005) 

500 hPa GPH  

& Tropics-related 

500 hPa GPH  

& Extratropics-related 

 Tropics-related & Extratropics-related rainfall variability: CESM-LE 



 

[ 𝒙𝒊 − 𝒙 
𝟐 

𝟑𝟎

𝒊=𝟏

]/𝟑𝟎 

 

 

 

• Spread means the standard deviation of the absolute values of 

differences between ensemble mean and 30 members. 

 

 

𝒙   : Ensemble mean  

𝒙𝒊 : Each member 

 Spread 



 Spread of Tropics-related & Extratropics-related: CESM-LE 

NEASRA 

Tropics-related 

Extratropics-related 



Why the spread of extratropics-related rainfall variability is 

increased under global warming ? 



 Zonal index 

The ZI is a measure of the hemisphere-wide fluctuations in surface air mass 

between the two zones as the annular belts of action and ZI is defined as the 

normalized difference in zonal averaged SLP anomalies between 35N and 

65N. (Li and Wang, 2003) 
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JJA season 

 Zonal index: CESM-LE 



JJA season 

 Meridional Temperature Gradient : CESM-LE 
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Global mean surface temperature difference between 

[20~30N] minus [40~50N] 



 Conclusion 

Zonal Index becomes 

weaker 

Global warming 

Weakening of Meridional 

Temp. Gradient 

Wave fluctuations 

becomes stronger 

Spread of Extratropics-

related precipitation is 

enhanced 
 

 

i) Extreme precipitation events   

 

ii) Predictability of NEASRA  

 


