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Role of Tibetan Plateau in the formation of the
Global Meridional Overturning Circulation
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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
&% fundamental climate differences?
25 billion m? freshwater around TP
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TP: A Global Perspective

How and to what extent?

Marshall et al., Nature (2012) /

/
NH vs. SH Energy & wind & Global
L Asymmetr Hydrological ®9 - o water Conveyor
4 y Cycle Belt
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Global Meridional Overturning Circulation

Energy and Freshwater Balance

PMOC

SLW  Surface Layer Water NADW North Atlantic Deep Water
SAMW  Subantarctic Mode Water AAIW  Antarctic Intermediate Water
RSW  Red Sea Water AAIW  Antarctic

AABW Antarctic Bottom Water 10DW  Indian Ocean Deep Water
NPDW North Pacific Deep Water BIW Banda Intermediate Water
ACCS  Antarctic Circumpolar Current System NIIW  Northwest Indian Intermediate Water
CDW  Circumpolar 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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Ferreira et al., 2018: Annu. Rev. Earth Planet. Sci.
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Geological History of GMOC

Deep water masses
and MOC mode

o Holocene AMOC PMOC Seaways Major ocean flows NA drifts Climate history
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Coupled Earth System Model
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TP in Climate System

,/’M o Yang et al., TP rolein global climate: annual mean (Published )
R - o Yangetal., TP in shaping AMOC (Published )

s T o Wen et al., TP in see-saw of PMOC and AMOC (Published )
o Wen et al., TP effect on ENSO variability (Published )

““““

— o Wen et al., TP effect on the AABW (Submitted)

o Chen et al., TP effect on the North African precipitation (Submitted)
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o Jiang et al., Rocky Mountain effect on GMOC (Submitted)

- o Yaoetal., TP role in global climate: SC and monsoon (Submitted)
- ? o Shen et al., TP effect on Atlantic ITCZ (Submitted )
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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
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Preliminary Results

NoTibet OnlyTibet
TOA (PW) +0.2 -0.04
Air T (°C) -4.0 +6.0
Atmos SAT (°C) -18.0 +19.0
Air q (%) -5.0 +10.0
HC (%) +13 -20
SST (°C) -8.0 +10.0
Ocean SSS (psu) -4.0 +6.0
SSD (kg/m?3) -3.0 +4.0

0= 1: criticalin Shaping Global Climate!
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GMOC Index
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Global MOC
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AMOC vs. PMOC: See-Saw?
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AMOC Evolution w/o TP

Stage-| Stage-ll
30 4———>—1- e

Atmosphere
Dynamics
Sea-ice & Ocean
Dynamics
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Teleconnection: From TP to Atlantic

850 hPa GH and Wind
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Teleconnection: From TP to Atlantic

10-m Wlnd Speed

850 hPa Wave Act|V|ty
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Alan Plumb, JAS, 1985; Takaya & Nakamura, JAS, 1998
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From TP to AMOC: Atmosphere Dynamics

20S L B T I rTo T
60E  120E 180  120W  60W 0

0 0.1 0.5 1 1.5 2 2.5

Moisture
transport fl

Annular

=) \Nesterlies ] ==
mode 1

NoTibet ==

OB BT R AT B T R A EE PR A R ST B A ORI AR R IR RN A BRI PE RS AR 4L 7, 2020.11.9-20 21



Atmosphere River

Precipitable water forecast for mid-day, April 6, 2018

Apr 6, 2018, 11am (PDT) Precipitable Water (mm) ] NOAA Climate.gov
model run on Data: NESDIS
Apr 5, 2018, 11pm (PDT)
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Ocean Change
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Ocean Change

Salinity
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Mechanism for Temp Change

Temperature Budget

0.60 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1
i Tvdiff — SW -
040 - — Tadv — LH+SH+LW C
7 — Thdiff B
0.20 — L

0.00 s /

-0.20 — L

-0.40
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Mechanism for Temp Change

Heat Flux Current & TAdv. Winds & Low Cloud
[@LrssH e i e w =
] b ’1_, = Lo e g
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Mechanism for Salinity Change

Salinity Budget
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Mechanism for Salinity Change

Vertical Salinity Diffusion
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Mechanism for Salinity Change
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AMOC vs. PMOC
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PMOC: Mechanism?
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PMOC: Salinity Mechanism
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Surface Salinity and Density Changes
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Ekman Pumping and PV
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RMS of , Salinity and Thickness

26.6 RMS(T) 26.6 RMS(S) 26.2-26.6 RMS(dH)
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Salinity Subduction
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Role of Rocky Mountain?
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Rocky Mountain: No Role?
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Rocky Mountain: Atmosphere Changes

850 hPa GPH and wind M0|sture transport and convergence
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Rocky Mountain: Moisture Transport

60N 10.59 -
] |
30N . G ~/ L
| ¢ ]1.25 !
0 T LI LI LI T
120E 180 120W s0W 0
--\\\\\H\\\

-100 -80 60 -40 -20 20 40 60 80 100

OB BT R AT B T R A EE PR A R ST B A ORI AR R IR RN A BRI PE RS AR 4L 7, 2020.11.9-20

41



n
(S
O
>
Z
c
Z
<
ul
A
a

Rocky Mountain: No Role in MOC
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Rocky Mountain: No Role in MOC

Pacific Atlantic
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Atmosphere River
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Global MOC
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AABW: Background
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TP effect on AABW: Atmospheric Change
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effect on ENSO
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Mechanism: Diagnhosis Method
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Yang, H., and Q. Zhang, 2008: Anatomizing the ocean role in ENSO changes under global
warming. J. Climate, 21, doi: 10.1175/2008JCLI2324.1, 6539-6555.
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0= 1: TPis critical to AMOC, PMOC, by (
regulating the energy and moisture transport
in / between SH and NH LaCOAS
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