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-What drives intraseasonal SST variability
in thermocline ridge?

-What is its relationship to large-scale
ocean conditions?

-What is its connection to variations in
atmospheric convection?



Subseasonal SSTA Variability
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-Intraseasonal SST variability comparable to interannual variability.

-Variability seasonally dependent.

- Associated with atmospheric convection in both seasons/hemispheres.

e.g. Harrison and Vecchi (2001), Sengupta et al (2002), Vecchi and Harrison (2002),
Fu et al (2003), Duvel et al (2004), Wang et al (2005), Saji et al (2006) etc.



JFM CLIMATOLOGY

—_
o

o

(WO 1-0Z) 21nesadwa] snuiw (WQt-0) a4nlessdwa|

Thermocline Ridge w

Index (TRI): '
SSTA (50°E-70°, - B —|°
12.5°5-2.5°S) e sl S N

T e
CONTOUR: LOW OLR (atmospheric convection)

From Lloyd and Vecchi (2009, J. Clim. Sub)



5NE

0F
55¢
10S E

155

20SE

SST signature of MJO in Thermocline Ridge
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Mooring-based
analysis
suggests SST
variability
controlled by
surface heat
fluxes.

From (Vialard et
al. 2008, GRL)



Character of Cooling Events



SSTA-SSTA(30) (°C)
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Left: TMI
SSTA —
SSTA(30) for
Region 1.

PDF has
negative
skew.

Cooling event definition: SSTA — SSTA(30) < —-2.50




Mechanisms for Observed TRI Cooling

Surface heat budget: a(SST)= O —V -V(SST )+ DIFF
ot pc,H

Initial approach:
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TRI Cooling Events in CGCM

CM2.1 — 1990 control run (Delworth et. al. 2006) Composite for 50 years
daily data. Atm: 2° x 2.5°, 24 levels ocean: 1° x 1° (1/3° at equator), 50 levels.
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GFDL CM 2.4

Hi-Res Coupled Madel

-' “I-?' —

¥ _'t\i 13 .
Sea Su r?aiéé{ jeet s =i (O C)

= FI*] I I

0.0 218 235 52 270 IBB 305 312 340 Delworth Et aI (2009’ II"I prep)




CGCM Cooling Event Magnitude
Comparable to Observed

Sub 30-day composite SST anomaly (K) for the TRI
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Cooling events in GFDL CGCMs

c) CM2.1 d) CM2.4
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Both CGCMs indicate oceanic processes O(1) to cooling
events.

Differs from results of Duvel et al (2004) and Vialard et
al (2008) for particular events. Why?



Look at less extreme intraseasonal swings

B} Oy Lol o) S T eoets L o

1 1 1 1 1 1
120. o r 120. -
'.“A 80. - B 80. B
£ - T -
; 40. - £ 40 o -
- AR ' a — 3 - -
= D S p 4 =
> 0. < . < = S\ g o f) 0. -
é i’ \ 7 g V— % ' M_
X 40. N r = —40. m
5 3 =R ;
80. T  _—g0. - -
T - Latent heat anom = :qE)
120. |— — — SWheatanom — NetHFanom - -120, | —— NetHF anom
Sensible heatanom - IG — r
g o) e — Q=pchd(sSTa)/dt [ e — Q=pchd(sSTay/dt [
-50 -40 -30 -20 -10 O 10 20 30 40 50 -50 -40 -30 -20 -10 O 10 20 30 40 50
Time (days) Time (days)
c)CM2.1: 1.5-2.5std d) CM2.4: 1.5-2.5std
1 1 1 L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
120. - 120.
“ 80. 0y 80. -
E o & ol
= 40 1 - = 40 -
X o et = =0,
= 40 ] / 1 ‘c-’ 40 ]
= o
U
T -80. I -so0. A
N Latent heat anom = Latent heatanom
-120. 4 — — — SWheatanom — Net HF anom - -120. 4 — — — SWheatanom — Net HF anom
Sensible heat anom s r — Sensible heat anom . o
— o Q=pc hd(sSTay/dt [ sz ol o — Q=pchd(SSTa)/dt [
T T T T T T T T e R I E — T T T T T T T T T T
-50 -40 -30 -20 -10 0 10 20 30 40 50 -50 -40 -30 -20 -10 0 10 20 30 40 50
Time (days) Time (days)

More symmetric, and primarily due to heat fluxes.

But not source of large negative skewness in IS-SST.
(not “Cooling Events”)



Ocean changes and Cooling
Events



50°E-70°E changes - Quickscat forced OGCM

0.25°x0.25° MOM-2 used in Vecchi and Harrison (2006, JC)
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Interannual T'Cline Ridge Variations and
SST

20N T

10N +

EQ

105 1

30s 706 80 90t 100E 110 120F
Xie et. al. (2002): o ——

Figure 14: a) Annual-mean depth of the 20°C isotherm (contours in
m) and correlation of its interannual anomalies with local SST (color
shades) (from Xie et al.. 2002).



Subsurface temperature preconditioning in CGCM
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CM2.1 Oceanic Changes

wind stress anom®
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Cooling Events Preconditioned by
Cool/Shallow Thermocline Ridge

GFDL CM2.1 GFDL CM2.4
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Cooling Events Associated with La Nina-
like SSTA 5-12 weeks before
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Moderate Intraseasonal SST Swings not
preconditioned by ocean

GFDL CM2.1: 1.5-2.5std GFDL CM2.4: 1.5-2.5std

a) CM2.1: Plus 30-day Temp anom (k) and currentanom (m.s) ¢) CM2.4: Plus 30-day Temp anom (k) and current anom (m.s")




Relationship to Convection



TRI Cooling and Convection
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Cooling events are associated with a strong eastward convective perturbation. Phase
speed matches MJO (~ 5 m/s).




Precipitation Index Composites

OLR Composite: based

on TRI precipitation.
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Below: Composite SST anom (K) for

cooling events and precip events
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Does strong SST variability feed back to the atmosphere and influence the MJO?




TRI cooling events and rainfall in CM2.1

Composite CGCM TRI Cooling Event (Control):
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TRI cooling events and rainfall in CGCM -
data override in southern Indian Ocean (12°S-3°N)

Composite CGCM TRI Cooling Event (SC IO Override SST):
10°S-10°N In traseasonal Precipitation Anomaly
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Summary

Thermocline ridge cooling events:

Oceanic processes important to cooling in model:
- appear important for average observed (need more data).

CGCM able to produce strong SST changes

- Intraseasonal cooling events preconditioned by oceanic
conditions.

- In CGCM cooling events seem important to e-ward
propagating rainfall.

Implications for Annual Cycle/MJO/Interannual Variability?

Lloyd and Vecchi (2009): “Submonthly Indian Ocean cooling events and their relation to
large-scale conditions”, Submitted to J. Climate



