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Characteristics of 
monsoon circulation and 

its evolution



Precipitation and 1000mb wind- JJA & DJF

JJA

DJF



Precip. & 925mb wind: July-August 
minus January-February climatology



Seasonal march of subsystems



Northern summer monsoon onset

Asian summer monsoon rainy season characteristics: (a) onset and (b) peak pentad (Adapted from Wang
and Lin 2002).



Monsoon breaks & 
Intraseasonal oscillation



Monsoon break



Monsoon break

Latitudinal-time cross-sections of CMAP rainfall averaged over longitudinal zones of (a) 120°-
125°E, (b) 125°-130°E, and (c) 130°-140°E, and rainfall histograms of three regions: (d) Taiwan (120°-125°E,
20-25°N), (e) Korea (125°-130°E, 35°-40°N), and (f) Japan (130°-140°E, 32.5°-40°N). Different phases of
summer monsoons in three regions are indicated by active, break and revival. The contour interval of CMAP
rainfall in (a)-(c) is 1 mm day-1, while rainfall amounts larger than 5 mm day-1 are stippled by different colors
indicated by the scale shown in the lower left corner of the three upper panels. (Chen et al., 2003)



Madden-Julian Oscillation (MJO)



Madden-Julian Oscillation (MJO)



Northward propagating intraseasonal 
activity in boreal summer



Intraseasonal Oscillation-
Boreal summer ISO

Canonical boreal summer ISO for May to October



Intraseasonal Oscillation-
Boreal summer ISO

The schematic life cycle for intraseasonal 
convective anomalies constructed for (a) May–Jun 
and (b) Aug–Oct using OLR data (1979-1998). 
Ovals indicate convection, with numbers indicating 
the evolution of the anomaly. (Kemball-Cook and 
Wang 2001.)

May-June

August-October

(APCC’s ISV monitoring product: http://210.98.49.34:3000/services/monitoring/analysis/isv/)
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Intraseasonal Oscillation- effect on 
TC activity

Frequency of rapidly intensifying TC during different phases of ISO (B. Wang, personnel communication)



Intraseasonal Oscillation- effect on 
TC activity

b

Tracks of low-pressure systems (LPS) for the period 1954–1983 during extreme phases of boreal summer ISO. (a) ‘Active’
ISO phase (analogous to 4th panel of Figure 4) and (b) ‘Break’ ISO phase (analogous to 2nd panel of Figure 4). Dark dots 
represent the genesis point of the LPS and their lines show the tracks. From Goswami et al. (2003).



Synoptic-scale/TC activity



•Westward propagating
•2000-4000km, period ~ 3-8dy

•Organized in wave packets
•Associated with TC activity

(850mb vorticity at 20N)

Summertime tropical synoptic-scale activity 
(easterly waves) 



rms of 850mb vorticity for JJA

(From Lau and Lau 90)



Spectra of 850mb vorticity

(From Lau and Lau 90)



1-pt lag correlation maps

(From Lau and Lau 90)



Phase propagation vectors

Coherent, wave-like disturbances
Westward/northwestward propagating

(Lau and Lau 90)



(based on 8-day hp filtered 850mb vorticitiy; see Lau and Lau 90)

Growth/decay of synoptic-scale waves

Q: origin of disturbances over WPAC north of  ~ 15N?

(based on Tam and Li 2006)



(from Tam and Li 2006)



(from Tam and Li 2006)
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In the plane wave limit,                         ,

such that 

MgcW =

gg MM ccW ⋅∇−∇⋅−=⋅∇−

(γ = -1 for U < 0)

Phase independent wave-activity flux (Takaya and Nakamura 01)

t M S∂ = −∇ ⋅ +W

(see Tam and Li 2006)



Downward activity flux 
east of 150oE

(from Tam and Li 2006)



•Based on u’ and v’ related to the synoptic-scale waves

•Southward E vectors indicative of influence from mid latitudes

(from Tam and Li 2006)



180o140oE

40oN

20oN

(u’v’>0)

v’T’<0

U<0xk−∂growth ~ 

(based on Tam and Li 2006)



350K

(from Tam and Li 2006)
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