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JJAS IMR Correlation with DJF(1) SST
Observed
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|ndian M onsoon — Global Ocean Teleconnections
 \Why do the (uncoupled) AGCMs Fail?
(1) Internal Atmospheric Dynamics? — Ensembles
(i) Model Error?

(111) Coupled Air-Sea I nteractions?




Outline

e Coupled Model that Captures ENSO-Monsoon
Relationship

 Prescribed SST Experiments: CGCM Context
— Perfect AMIP
— Regiona Coupling

— How Coupled Feedbacks Impact the Variability and
Co-Variability

— SST vs. Surface Heat Flux Boundary Conditions
* Proposed Coupled Tier-2 Prediction Experiment




JJAS IMR Correlation with DJF(1) SST
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Start with Coupled Model that Reproduces Observed Relationship

JJAS IMR lag—cor with monthly NINO3.4 SST
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Hypothesis

o Coupled Air-Sea Interaction Essential for
Capturing Monsoon-Global SST Teleconnections
— Latent Heat Flux — SST Feedbacks

— Modifies Competition Between Local vs. Remote
Influences

o Test: “Perfect AMIP”
— Prescribe Exactly Coupled Model SST

— But with Perturbed Atmospheric Initial State

o With Identical Atmospheric Initial Conditions the Coupled
Model Solution is Recovered Exactly

— 50 Year Simulation
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Regiona Coupling Experiments

o Specify Indian Ocean Coupled Modéel
Climatology — Decoupled Indian Ocean

o Specify Indian Ocean Coupled Modél
Anomalies— Forced | ndian Ocean

o Specify Pacific Ocean Coupled Model
Climatology — Decoupled Pacific Ocean

« Specify Pacific Ocean Coupled M odel
Anomalies — For ced Pacific Ocean




JUAS IMR lag—cor with monthly NINO3.4 SST (COLA Model)
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But, Coupled Interactionsin the Indian Ocean Still Required!



Prescribing Global SST's (even from the CGCM)
Fails to Capture Monsoon-Global SSTA
Teleconnection

Regiona Coupling Experiments.

— Prescribed Pacific and Coupled Indian Ocean

Re-Captures the Monsoon-SST Co-Variability

How Do the Coupled Feedbacks Impact the
Variability?

— Changesin Variability over Warm Oceans

Ocean Forcing Atmosphere vs. Atmosphere
Forcing Ocean

— Relationship Between Local SST, SST
Tendency, Latent Heat Flux and Rainfall



PrecipitationVariance Ratios: Regl onal/Control

50N

15N 1

EQ+

155-14’:

_ DJF

30S
40E

80

120E

160E  160W  120W

30
80w

JUN

S
40E

80E

120 160E

160W 120W 30w

Precipitation Variance I ncreases with Prescrlbed SST

Sk

’2 b 160
80 {160\ ‘
0/ ﬁi
FQ 160/ WA
\@ Y
120 T
0 T

15S

30S

?“

4

\

X

,.

Prescribed IO Anomah&s
J

3,

40E

80E

80W

3ON

155

Prescrlbed PO Anomalles
405

‘ )
\

OVU
20 W{

20 \‘\ 200

80F 120F 160F

gg %}ﬁ

NJJA_

160W 120W



HIN s
30N+
20N-
10N
ED
1051
205
3051
405

DJF Tsfc (COLA Anomaly Coupled Model)

IR T o~
7N A '
1OK-
(-

105 .
2054/ ) |

i
/

ll

i L

180

Warm Oceans

0 /e/ WE  10E M0 1K B ¢

/ [ ==

24 n % 7 B8 W



- North 10

Control

6 -4 -2 0 2 4 6
lead lag

ForclO

<«

6 -4 -2 0 2 4 6

West North Pac

Control

Local Lag-Lead Regression
Between SST and:
Precipitation
L atent Heat Flux
SST

i I I I I I \
5=4=<2 0 2 4 6
Coupled Model

— Regionally Prescribed SST

6 -4 -2 0 2 4 6

px10

Inf sstx20




North IO West North Pac

0.8 - 0.8
0.61 0.61 Local Lag-Lead Correlation
0.4- 0.4- Between Precipitation and.:
*1 021 , Precipitation

01 05~
_091 _4 Latent Heat Flux
~0.41 ~0.41 SST
-0.6 —T T -0.6 —T—T

-6 -4 -2 0 2 4 6 -4 -2 0 2 4 6

lead lag \

0.8 Forcl 0,84 ForcPO Coupled Modéel
0.6 0.6
0.4- 0.4-
0.2- 0.2+

I e (o e
~0.21
~0.4- =07

- Regionally Prescribed SST

.6 T T T T T
-6 -4-20 2 4 6
—p ———Ihf

"6 -4-20 2 4 6
sst




JJAS Precipitation — SST Local Correlation: Perfect AMIP
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JJAS Precipitation — SST Tendency Local Correlation: Perfect AMIP
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JJAS Preci pltatlon SST Tendency Local Correlation: Coupled Model
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Ihf&wind (Control) Simultaneous Regression wrt Jul WNP P Ihf&wind (ForcPO)
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Warm Ocean Coupled Feedbacks

e Prescribed SSTs
— Heat Fluxes are Inconsistent with SST

— Modifies Phase Relationships between SST and
Precipitation (Heat Flux)

— Increases|ocal Variability

 Interferes (Modifies) with Competition between Local and
Remote Influences on Co-Variability (i.e., ENSO-Monsoon)

e Prescribed Heat Fluxes

— Atmospheric Circulation and Fluxes Inconsi stent
— But SST and Heat Fluxes are Consistent



AGCM response 10—ensemble mean
Cl:0.8 SST forcing rainfall SHF forcing Cl:0.4
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Conclusions and Proposal

JUAS IMR lag—cor with monthly NINO3.4 SST (COLA Model)
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« \Warm Tropical Ocean Coupled Air-Sea Interactions Essential
for Atmosphere Ocean Co-V ariability (Indian Ocean, West Pac)
» Modifies Competition between Remote and Local Influences
» Surface Heat Flux Boundary Condition Re-Captures Some
of the Co-Variability
e East Tropical Pacific SST Forced Response is Reasonable
 Proposed Coupled Tier-2 Prediction Experiment
» Use Prescribed (but Predicted) SSTA in East Pacific and
Coupled Model (Mixed-Layer or OGCM) Elsewhere
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