Tropical Pacific and Indian Ocean Heat Balance Inferred by Assimilating TOPEX Data Into a Near- global OGCM

Tong Lee, Benny Cheng, Dimitris Menemenlis, Ichiro Fukumori, Lee- Lueng Fu, Zhangfan Xing, Benyang Tang, Victor Zlotnicki (JPL/CalTech), Ralf Giering (FastOpt, Germany)

2. Approach

� Data: TOPEX- derived sea level anomalies, NCEP reanalysis fluxes, Renolds SST, Levitus 98 T & S.

� Model: Parallel MIT OGCM, 75S- 75N, 1x0.3 Deg in tropics, 1x1 Deg in extratropics, 46 levels, 10 m thickness in upper 150 m. KPP and GM mixing.

� Assimilation: use adjoint model to adjust initial T & S, and 10- day means of wind stress, heat & freshwater fluxes to minimize model- data misfit.

Wind stress

The estimated wind stress in the tropics are generally more consistent with measurements of TAO moorings and ERS2 scatterometer. Example in Fig.2.

Summary of dominant heat balance in the tropical Indian Ocean

� Iw (west side of the dipole): Temperature change primarily controlled by advection.

Despite large upwelling off Somali coast, vertical advection does not dominate total advection.

� Ic (dipole node): Surface heat flux and advection are important: they assist and oppose temperature change, respectively. Advection is primarily due to the zonal component (associated with the reversal of equatorial trade wind).

� Ie (east side of dipole): Advection plays a dominant role. Surface heat flux is important only during the peak of warming and cooling (Dec. 97 and 98, respectively).

� Is (south central Indian Ocean): Temperature change is controlled by surface heat flux and, to a lesser extent, advection.

Fig. 1 Root- mean- squared model- data misfit in SLA before (upper) & after (lower) assimilation.

Fig. 2 Longitude- time distribution of SLA at the equator for observation (T/P), assimilation, and simulation.

Fig. 3 Comparison of prior and estimated zonal wind stress over the central equatorial Pacific with TAO mooring data.

Fig. 4 Comparison of temperature and current with TAO data. Statistics are based on averages over 75 temperature moorings & 3 current meter moorings (165E, 140W, and 110w).

Temperature and velocity

More accurate estimate of wind improves the estimated temperature and zonal velocity in comparison with TAO mooring data, seen by improved variability, decreased rms, and increased correlation (Figs 3 & 4).

Fig. 5 SST anomaly in Nov. 97 (El Nino peak) relative to 97- 98 seasonal cycle. Temporal evalution of upper- ocean temperature in selected boxes are examined based on assimilation product (including Pacific Nino index & Indian diple index areas): Temperature tendency = advection + diffusion + surface heat flux

1. Objectives

� Goal: Estimate 4- D (x,y,z,t) oceanic state by synthesizing observations with model dynamics.

� Particular focus: mechanisms controlling 1997- 98 warming/cooling in tropical Pacific & Indian Oceans.

4. Interannual heat balance of upper ocean

Tropical Pacific Ocean

3. Validation of assimilation

Sea level anomaly (SLA)

Fig. 6 Interannual anomaly of upper 50- m temperature (left column), temperature tendency & its components (middle & right columns) overaged over the three Pacific- Ocean boxes.

Tropical Indian Ocean

Fig. 7 Interannual anomaly of upper 50- m temperature (left column), temperature tendency & its components (middle & right columns) averaged over the four Indian- Ocean boxes.

Summary of dominant heat balance in the equatorial Pacific Ocean

� P3 (cold- tongue region): Advection dominantes temperature change (esp. in May of 97 & 98, the months of the strongest warming & cooling, respectively). Advection is largely due to the vertical, RATHER THAN the zonal component. Surface heat flux opposes temperature change. Diffusion is unimportant.

� P4 (central equatorial Pacific): All terms are important: advection and diffusion generally assist, and surface heat flux generally opposes temperature change. Zonal and meridional advection both assist 97 warming by bringing in warm waters from the west and off the equator, respectively: evidence of "delayed" and "recharged" oscillator mechanisms both at work.

Diffusion, which tends to assist temperature change, is more important comparing to those in cold tongue (P3) and warm pool (P5).

� P5 (warm- pool area): Surface heat flux, which assists temperature change, has larger contribution than advection and diffusion which oppose temperature change.

The assimilation reduces the model- data misfit in SLA significantly, esp. in the tropics(Fig.1), and results in more realistic warming/cooling patterns in the tropical Pacific and Indian Oceans (Fig.2).

Iw

Ic

Ie

Is

P3

P4

P5