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Advance in Atmosphere Science: A Course for Graduate Students Majored in Oceanography and Atmosphere

Tropical-Extratropical and Inter-Hemispheric Climate Interaction

ABOT: Atmospheric Bridge - Oceanic Tunnel
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Concepts
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Extratropical = Tropical
Tropical = Extratropical
Inter-hemispheric
Pacific VS. Atlantic

nclusion
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Tropics < Extratropics
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Hadley Cell
Atmospheric

Bridge \

NP

Oceanic ( Ocean Wind-drivgn Subtropical Cell

Tunnel (Shallow/overturning circulation)

Thermohaline Cell
(Deep overturning circulation)

Yang, H. and Z. Liu, 2005: Tropical-extratropical climate interaction as revealed in idealized coupled climate
model experiments. Climate Dynamics, 24, 863-879.
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Facts

» Many-many studies on Tropical <> Extratropical
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o Approach traditionally:
o AGCM: Decoupled from full ocean dynamics
(Lau 1997; Barnett et al. 1999)
o OGCM: Decoupled from full atmosphere dynamics
(Gu and Philander 1997; Liu 1998)

Problem: all Qualitative (&%) studies! (before 2000)
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Motivation

To determine Quantitative (/£ =) impact
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o Extratropics = Tropics* (long timescale)
o Tropics =2 Extratropics (short timescale)
o SH = Tropics =» NH

o NH =» Tropics =» SH

» Pacific VS. Atlantic

in a Fully Coupled Earth System

Fundamentally Important !
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A Theoretical Model Study

Yang, H. and Z. Liu, 2003: Basin modes in a tropical-extratropical
basin. J. Phys. Oceanogr., 33(12), 2751-2763

Yang, H., Z. Liu and Q. Zhang, 2004: Tropical ocean decadal

variability and resonance of planetary wave basin modes: IlI.
Numerical study. J. Climate, 17, 1711-1721.
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Qualitative(:z1): Rossby Wave Dynamics

Topex/Poseidon SSHA: Large-scale ocean wave (1993-2014)
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NOAA /Laboratory for Satellite Altimetry §

-20 -16 -12 -8 -4 0 4 8 12 16 20
Sea level change (cm)
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Basin Mode: Extratropics > Tropics

Theory: Linear shallow water model on Eq. Beta-plane

(U, —yv+h +ru=0 (u) (0)
AV +yu+h +rv=0mmm | v |=e"" ¥ |(X,Y)
ho+u, +v, =0 _h) Lh)
Gy (r —y o, ) G
= ic|V|=|y r o,|V|=L|V
h) (e, 8, 0 Jh h
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Basin Mode: Extratropics = Tropics
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Damping Rate(cpy)

Planetary Wave Basin Mode ({TER /B#Z1E)
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Planetary Wave Basin Mode
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An Ocean GCM Study

Yang, H., Z. Liu and H. Wang, 2004: Influence of extratropical
thermal and wind forcing on equatorial thermocline in an ocean
GCM. J. Phys. Oceanogr., 34(1), 174-187.
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Model and Experiments

+ GFDL MOM3
Domain: the Pacific (40°S-80°N, 100°E-70°W)
Resolution: 2° x 2°x 32-level. Maximum depth 5500 m
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Boundaries: Solid, restored to Levitus monthly climatology

Initials: Levitus 95
Forcing: COADS 1948-2000
Experiments: CTRL; Only Wind; Only T&S
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Observation: RMS of SST and Wind

(k)] Wind Curl
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Mean Density & Potential Vorticity

XBT
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Observation VS. Model: 4-D structure

RMS(T)
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Observation VS. Model: 4-D structure
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Buoyancy VS. Wind
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Buoyancy VS. Wind
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Buoyancy Forcing: Where Matters?
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Buoyancy Forcing: Where Matters?
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Buoyancy Forcing: Where Matters?
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Wind Forcing: Where Matters?
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Wind Forcing: Where Matters?
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Summaries
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Motivation

To determine Quantitative (/£ =) impact
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o Extratropics = Tropics*
© Tropics =» Extratropics
o SH =» Tropics =» NH

¢ NH = Tropics =» SH

» Pacific VS. Atlantic

in a Fully Coupled Earth System

Fundamentally Important !
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Coupled Atmosphere-Ocean GCM Studies

Yang, H. and Z. Liu, 2005: Tropical-extratropical climate
interaction as revealed in idealized coupled climate model
experiments. Climate Dynamics, 24, 863-879.

Yang, H., H. Jiang, and B. Tan, 2005: Asymmetric impact of the

North and South Pacific on the Equator in a coupled climate
model. Geophys. Res. Lett., 32(5), L05604

Advance in Atmosphere Science for Graduate Students Majored in Oceanography and Atmosphere

T
Cc
O
>
Z
Cc
Z
<
o
A
(4]




Model and Approach

» Fully coupled climate model (FOAM)
Atmos. — R15, NCAR-CCM2
Ocean —1.4°x2.8°%x32-level, GFDL-MOM
Control Run: 1000 years
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Experiments: 200 years

« Partial coupling (PC) technique
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Partial Coupling
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Atmospheric Bridge

< \
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Oceanic Tunnel

Fully Coupled Fixed or Forced

-
Cc
o]
>
4
C
Z
<
ul
P
(4]

Advance in Atmosphere Science for Graduate Students Majored in Oceanography and Atmosphere



-
Cc
o]
>
4
C
Z
<
ul
P
(4]

Extratropical = Tropical
Extratropical Control of tropical climate on decadal and

longer timescales through both the

Atmospheric Bridge and Oceanic Tunnel
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Partial Coupling Experiment

&  ABOT: Atmospheric Bridge + Oceanic Tunnel
2°C SSTA Nosphe;e{\ 2°C SSTA
Fiked = ouple = Fixed
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&  OT: Ocean Tunnel only
| |
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Tropical Ocean Response
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Tropical Response Pattern
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Tropical-Extratropical Connection
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Summary

» Extratropics =2 Tropics
Atmos. Bridge: 70%

Ocean Tunnel: 30%
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Mechanisms

o ABOT

Atmos. Bridge:

Ex-SST T = VSST ! =HC!=ITCZ! = Wind ! = LH ! = EQ-SST T
*Ocean. Tunnel:

HC | = STCs | = Cold Water Trans. (V'T) . = EQ-SST T

Warm Anomaly Subduction (VT’, WT") T = EQ-SST T
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o OT

Ocean. Tunnel:
Warm Anomaly Subduction (VT’, WT’) T = EQ-SST T
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Hadley Cell and Heat Transport
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Mechanisms of Atmospheric Bridge
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» Ensemble experiments: 12-member, 12-year/exp
» Same as ABOT
» Ensemble mean: 1%tyear
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Thermodynamics: Surface Heat Budget
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Ocean Dynamics: Term Balance
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Ocean Dynamics: Difference in ABOT and OT
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Ocean Dynamics: Difference in ABOT and OT

o *Ocean. Tunnel in ABOT
Perturbation advection (V'T) = EQ-SST T

wi’p

¢ Ocean. Tunnel in OT
Mean Subduction (VT’, WT") T = EQ-SST T
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Tropical = Extratropical

o T-ABOT: Tropical Atmospheric Bridge + Ocean Tunnel
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Extratropical Response
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Extratropical Response

ABOT
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Mechanisms

¢ T-ABOT: Atmos. Bridge Only

EQ-SSTT = VSSTT=HCT = Cloud | = sw?*
— Ex-SST T 1T < sea ice - albedo feedback
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Inter-Hemispheric Interaction
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Inter-hemispheric Interaction
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Inter-hemispheric Interaction

(0) N-ABOT (b) S—ABOT
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Mechanism: Potential Vorticity

(a) PV and Wind ——=  1.000E-02

40°N

20°N

Oo

20°S 4

40°S

120°E 160°E 160°W 120°W 80°W

PV at 24-26 o, Surface wind and Elcman pumping

Yang, H., H. Jiang, and B. Tan, 2005: Asymmetric impact of the North and South Pacific on the Equator in a
coupled climate model. Geophys. Res. Lett., 32(5), L05604
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Summaries

» Equal impact: Tropics <~ Extratropics
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» Extratropics = Tropics

Atmos. Bridge: 70%; Ocean Tunnel: 30%
» Tropics =» Extratropics

Atmos. Bridge: 100%
o SH=>» EQ 30% more than NH = EQ

» SH =» NH 60% more than NH = SH
» SH dominates in global climate change
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Pacific VS. Atlantic
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Yang, H., and L. Wang, 2008: Estimating the nonlinear response
of tropical ocean to extratropical forcing in a coupled climate
model. Geophys. Res. Lett., 35, L15705, doi:
10.1029/2008GL034256.

Yang, H., and L. Wang, 2011: Tropical oceanic response to
extratropical thermal forcing in a coupled climate model: A
comparison between the Atlantic and Pacific Oceans. J. Climate,
24, 3850-3866

-
c
o
>
z
c
Z
<
ul
A
a

Advance in Atmosphere Science for Graduate Students Majored in Oceanography and Atmosphere



Pacific VS. Atlantic: A Summary

o Tropical SST

o Same magnitude in Atlantic and Pacific
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» Tropical thermocline

o Much stronger in Atlantic than in Pacific

o Atlantic STC (wind-driven)

o Asymmetric change and critical role
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Experiments
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Ocean)

. Partial Coupling (Atmos. &

=5

TR E p
=

S0°E 150°E 110°W 10°W

o PC: Clim. + SSTA
o SSTA: +2°C, +4°C, +8°C; 200 years
¢ P—Warming exp; M — Cooling exp.
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40°N

20°N

20°S

40°S

60°S

SST and Thermocline Changes
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Meridional Section of Temperature Changes

More uniform Maximum at c=27
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Zonal Section of Temperature Change

T
5
2
S
2
2
3

Local
Maximum

Pacific

Trop. Atlantic = 2 x Pacific, different depth
Green line — Mean Density; Color — Temperature change
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Temperature Changes on Isopycnal Level

G=25-26

o Shallow subduction
« Pacific: Eastern boundary pathway from the SH

« Atlantic: Eastern boundary pathway from the SH
Interior pathway from the NH
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Temperature Changes on Isopycnal Level
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40°S 1

60°S

o Intermediate water subduction
o Atlantic: Western boundary pathway from the NH

Black contour — depth of 27.5; color — T on 27.5
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Basin Mode in CGCM
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Differences
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» Differences (subsurface)
¢ Much stronger in Atlantic
o Deeper in Atlantic
o Western Atlantic VS. Eastern Pacific
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Changes in STC and Temperature

= Pacific:
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A Close Look at the Atlantic MOC
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30°S 20°S 10°S 0° 10°N 20°N 30°N 30°S 20°S 10°S 0° 10°N 20°N 30°N

« MOC: thermohaline, weakened in P4

o STC: thermocline, wind-driven
o Weakened in the southern branch
o Strengthened in the northern branch
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Atlantic VS Pacific: Relative Role

Global Atlantic Pacific

10.0 | Zonal and vertical
5.0 ] P average (AT):
[g—- :4‘\/‘

0.0 o Atlantic >> Pacific

—5.0 |
w00 (a) AT Zonal and vertical
B0°S  40°S  0°  40°N  BO°N integral (Heat content):
8.0 . .o
6.0 o Atlantic = Pacific
4.0
o0 Comparable weighting in
-2.0
I global ocean
-6.0
.o | (b) Heat Content
80°S 40°S 0° 40°N 80°N
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Extratropics Warming = ENSO

Zhang, Q., H. Yang, Y. Zhong, and D. Wang, 2005: An idealized study of the impact of extratropical climate
change on ENSO. Climate Dynamics, 25, 869-880

Yang, H., Q. Zhang, Y. Zhong, S. Vavrus, and Z. Liu, 2005: How does extratropical warming affect ENSO?
Geophys. Res. Lett., 32(1), L01702
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ENSO: 1st EOF mode
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ENSO variability: Nino-3 SST
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ENSO variability: o(SST)
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Skewed ENSO: El Nino vs. La Nina
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Skewed ENSQO: Occurrence
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Slowed ENSO
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Extensive Change in ENSO!

¢ Intensity
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¢ Pattern
+» Frequency
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Conclusion Diagram

Extratropical Warming
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Implications

Critical region in global climate change (
Regional contribution to global warming |
PDO: direct and indirect connection LaCOAS

IERAZSESE-SSES

i

SH climate crucial for long-term climate prediction
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