Is the Current Subtropical Position of the Tibetan Plateau
Optimal for Intensifying the Asian Monsoon?
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The Tibetan Plateau (TP) exerts significant o [T -
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WY - Webster-Yang ; SA - South Asia; SEA - Southeast Asia; EA — East Asia

How will the rotational & divergent portions of atmospheric motion
respond to the change in the meridional position of TP?

Would the monsoon dynamics become simpler if the TP were located
near the equator?

Is the current subtropical position of the TP optimal for strengthening
the Asian monsoon?

Model & Experiments
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A series of experiments with the ={—
CESM were conducted by moving =« {°

the TP from the subtropical position
southward and northward to explore
the relationship between its .=
positions and the Asian monsoon:
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(e) Height (TP_N3) Units : m
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Topographic height prescribed in CON run
and six experiments (shadings, units: m)

Weakens from TP_N2 and northwards

Response of Regional Monsoons

Defined Regions of Four Monsoon Indices The Normalized Curves of Four Monsoon Indices
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South Asian monsoon (Goswami et al. 1999): 10~
Strengthens (weakens) when moving TP southwards . I Webster-Yang
(northwards) | [ I
East & Southeast Asian monsoons (Wang & Fan 1999; 20 , I | | |
Lau et al. (2000):
Intensify from TP_S to TP_N2, and then weaken northwards TP_.S CON TP_N1 TP_N2 TP_N3 TP_N4 TP_N5

Large-scale Asian monsoon (Webster-Yang index):
Four commonly-applied dynamical monsoon indices

Low-level Circulation and Rainfall

(a) Precip & UV850 ( TP_S - CON) (b)) Precip & UV850 ( TP_N1 - CON) (a)H500 (TP_S & CON) (b) H500 (TP_N1 & CON)
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(d) Precip & UV850 ( TP_N4 - CON )
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Changes in summer rainfall and UV850

Different subtropical high patterns

(a)W & Vertical Cell (TP_S - CON)

(b)W & Vertical Cell (TP_N1-CON)
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TP moved southward: 200 5 9
® Increasing low-level meridional wind results in the 300 mah e
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enhancement of rainfall over southern India. - = O
® However, rainfall decreases in the East Asia and over the - =, .. T
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South China Sea due to the strengthening and westward 1000 :
extension Of the su btropical h|gh (30°N,100°E) (20°N,110°E) (10°N,120°E) (30°N,100°E) (20°N,110°E) (10°N,120°E)

(d)W & Vertical Cell (TP_N4 - CON)
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(¢)W & Vertical Cell (TP_N2 - CON )
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TP reaching to higher latitudes:

® Rainfall increases over northeastern Asia because of the
consistent northward movement of the subtropical high.

® |n the South China Sea, sinking motion turns into
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compensatory rising motion, leading to increased rainfall. 500 -RRb> 500 -
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Vertical cells from (30°N, 100°E) to (10°N, 120°E)
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® The subtropical position of TP is NOT optical for intensifying the
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® When the TP shifts southward, the South Asian monsoon

® When the TP shifts northward, the South Asian monsoon

Height (km)

® All regional monsoons become weaker when the TP shifts
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Meridional Circulation

(a)W & Vertical Cell (CON) 75°E-105°E
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ik When TP is moved southward:
Thermally-driven meridional circulation
intensifies, resulting in stronger South
Asian monsoon

(b) W & Vertical Cell (TP_S - CON) 75°E-105°E
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o , _ When TP is moved northward:
0 2N 4N BN B0 0 ov v en N Thermally-driven meridional circulation
weakens as rising motion shifts
northward, leading to weaker South
Asian monsoon
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(@) 75°-105°E averaged vertical velocity & vertical cell
(b-e) Differences among various experiments

East Asian Jet Stream
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InTP S, TP N4 & N5:

Meridional shear of U200 weakens,
corresponding to weaker East Asian
monsoon
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InTP N1 & N2:

Meridional shear of U200 intensifies,
corresponding to stronger East
Asian monsoon
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(a-d) U-wind & differences among various experiments
Red rectangle represents the regions defining EA monsoon (Lau et al. 2000)

Asian monsoon.

becomes stronger, but the East Asian monsoon becomes weaker.

becomes weaker, but the East and Southeast Asian monsoons
become stronger.

northward by above 10° of latitude.



