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Tibetan Plateau (TP): the 3@ Pole

Total Area: 2.5 million km?, Elevation: 4000 m
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A Fundamental Question: With / Without TP

o Greenland Ice Melting & +7m 1!
global ocean

o Antarctic Ice: 70% FW, 90% Ice
Melting = +61m 1 global ocean

e o \\Vith / Without TP: Sea level and
&2  fundamental climate differences?
25 billion m? freshwater around TP
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TP: A Global Perspective

How and to what extent?
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Marshall et al., Nature (2012)
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NH vs. SH ergy & Wind &
Hydrological
Asymmetry Freshwater
Cycle
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Global Meridional Overturning Circulation

Energy and Freshwater Balance

PMOC

NADW North Atlantic Deep Water
AAIW  Antarctic Intermediate Water
2 AAIW Antarctic
Bottom Water 10DW  Indian Ocean Deep Water

Water BIW Banda Intermediate Water
ircumpolar Current System NIW  Northwest Indian Intermediate Water
ircu lar Deep Water

Schmitz (1997) Overturning circulation: Southern Ocean View
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GMOC Now

Strong AMOC Weak PMOC

a Atlantic basin Indo-Pacific basin
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Geological History of GMOC

Deep water masses
and MOC mode

Holocene AMOC PMOC Seaways Major ocean flows NA drifts Climate history
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Global MOC
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Geological History of Significant Events
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Dynamical Effect
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Height (km)
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Effect of TP

1958-2002F N MES200hPafi b= E 1948~2018FEEZ80°~110°EZ AN iE
- (vector, m/s)FIZEEIEE (color)

Climl. Z200 1958-2[002: JJA

—16

40N —

o
|
B

|
&
o

Height (km)

—8

20N —

- ZFERIGESINR, BHRKS

Xu et al. (2019)

ALISY3AINN NvAan4

LASGiRE, FERIZFRASYER7FT, 2021.07.08, Jb& 12



ALISY3AINN NvAan4

TP: Paleoclimatic and Modern Significance

b,
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Fascinating Question: NP & &SP

Seasonality, Passage and Mechanism ?
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Coupled Model Experiments With / Without TP

2000-Yr Real

Real ~ K<~ % NoTibet
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TP Forcing: Thermal and Dynamical

SAT Surface Pressure
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SAT Evolution w/o TP
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Atmosphere T and Moisture in NH
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Transient Atmosphere T and Moisture in NH

NoTibet mmmsp Arctic upper cooling lower
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Transient Atmosphere T and Moisture in NH
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From TP to Arctic: Seasonality
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Winds Change in NH

Boreal winter Boreal summer
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Upper Circulation Change in NH

Winter
Westerlies

Upper-level

NoTibet =y cooling

o - Polar Low | ==
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Mechanism: Wave Activity Flux

NoTibet chs Higher-latitude Circulation
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e Y — perturbations created by the orography (NoTibet minus Real)

e W directions — directions of Rossby wave energy propagation ~ C,

e Divergence — wave perturbation energy is emitted and

d
—M + V-W =D, o
ot converted to mean kinetic energy
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Mechanism: Wave Activity Flux

- . / 2
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Passage: Planetary Wave in Upper Level

Geo. Height, Wind and T
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Mechanism to Polar Cooling in Upper Level
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Passage: Monsoon in Lower Level
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Seasonality and Passage: Background Winds

TP-Arctic connection Robust in boreal winter:
Seasonal variation of background winds

Westerlies — Eastward wave energy propagation

Upper
Easterlies — Locally trapped
Holton (2004)
Forced topographic wave solution Deflection
fo'hn
Lower ¢,

" gH(K? — K2 — irK*/kn)’

Wave amplitude «< U
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Held et al. (1983)
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Temperature Change in the SH
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Seasonality and Passage

NoTibet == \Nave-5 pattern
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Ocean
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Indian Ocean Impacts Antarctic: Stationary Wave

(b) 2016 September-October SST and MSLP anomalies
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TP =» Antarctic: Stationary Wave by Indian Ocean
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Wave Number Related to Forcing Size
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From TP to Arctic

Boreal winter 200hPa Boreal summer 200hPa
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Directly by topography-forced stationary waves
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From TP to Antarctic

Austral winter

westerlies |
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3 ALISMIAINA NVANA

e Connection from TP to Arctic and Antarctic: Robust ( l

e Seasonality and Passage: Winter
LaCOAS
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e Mechanism: Forced Stationary Wave

e Background: Planetary Winds and Monsoon
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TP: determining the Modern GMOC
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Jiang R. and H. Yang, 2021: Tibetan Plateau: A necessary for the modern AMOC. In Writing.
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From Flat to

Flat Rocky 45Ma ... + Antarctic 25Ma
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From Flat to
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TP: determining the Modern GMOC
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TP: determining the Modern GMOC
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Experiments: Topography Combination
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Seasonality: Stationary Wave Structure

Boreal winter Boreal summer
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From TP to AMOC: Atmosphere Dynamics
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NoTibet: AABW Enhanced

Atlantic

_ Global
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In Stage-l, the AABW is enhanced in Atlantic basin
In Stage-Il, the AABW is also enhanced in Pacific basin
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TP effect on AABW: Atmospheric Change
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