
Decadal subsurface cooling in the tropical
Indian Ocean during 1961-2000

Laurie Trenary
Weiqing Han

Department of Atmospheric and Oceanic Science
University of Colorado at Boulder



1. Observations:

 

Linear trend of Indian Ocean zonal mean temperature 1961-2000 (unit: oC/Century)

5S-12S 5S-17S

(Levitus et al. 2005) (Carton and Giese 2008)



1.a Previous Work:

•   Han et al. 2006 (GRL): tropical winds 
•   Alory et al. 2007 (GRL): Pacific variability via the ITF

Levitus TemperatureEkman pumping velocity



 Goals:

• Understand the causes for the IO thermocline 
 cooling trend during 1960-2000

• Specifically, we will investigate the effects of 
tropical winds, STCs and the ITF



Negative curl      upwelling

(From Lee et al. 2004) (From Schott et al. 2004)

Horizontal cross-section:Meridional Circulation:

Annual Mean Winds:



2. Data and model
   DATA:
• World Ocean Database 2005
 MODEL:
• Simple Ocean Data Assimilation -Parallel Ocean Program

(SODA-POP); Forced by ERA40 winds; (Carton and Giese
2007);

• The Hybrid Coordinate Ocean Model (HYCOM):
    Indian-Pacific basin 40oS-55oN, 0.5ox0.5o resolution, 22

vertical layers; 3-day ERA40 forcing 1958-2000. (Bleck,
2002)

• POP-hindcast:
zonal resolution of 1.12o and variable meridional scale
(~0.26 o near the equator and increases to 0.53o north of 30o

);NCEP reanalysis from 1958-2000. (Doney et al., 2007)



3. Results:
Linear Temperature trend (1961-2000)



HYCOM



3. Results:
Volume transports

Consistent with: 
Schoenefeldt and Schott, GRL 2006



3. Results:



3. Results:
D20 Temperature trend (1961-2000)



3. Results:
Potential Climate Feedback



• The southward Ekman transport has an increasing
trend and enhances by ~2 Sv
– Consistently, the southward upper-level transports

from both SODA-POP and HYCOM increase by 2~3
Sv

• Correlation between the spin up of the SSTC and
enhanced We decadal time scales

• We , in turn, is highly correlated with the
thermocline cooling on decadal timescales in both
the HYCOM solution and SODA-POP data

4. Summary:



4. Summary:
Continued
• The dipole structure of the thermocline temperature trend

is associated with enhanced equatorial westerlies and
strengthened southeasterly trades in the south IO result in
enhanced We in the upwelling zone of the SSTC

• Remote forcing from the Pacific via the ITF appears to
make a weaker contribution to the cooling in the upper
thermocline; however, it seems more important in causing
the weaker cooling in the deeper layers.



4. Summary
Continued
• Decadal changes in thermocline depth (and

thus the thermocline cooling) affect the upper
ocean heat content, which may feedback onto
the atmosphere


