Fig. 1. The flowchart of the reduced-space variational data assimilation technique.  The models are run for the assimilation window t=[0, T], and the forward model solution at time t=T can be used to initialize a forecast to some time t2.
Fig. 2. The average density profile of the Gulf of Mexico model domain to which vertical normal mode decomposition is applied.  Right: Eigenvectors R associated with the first three baroclinic modes.  Solid line: mode one; Dashed line: mode two; Dotted line: mode three.
Fig. 3. The TOPEX/Poseidon and Jason-1 ground tracks over the Gulf of Mexico model domain (98.15°W–80.60°W, 15.55°N​​​​​–31.50°N) and topography for the NCOM simulations used in this research.  Dashed lines: T/P ground tracks; Solid lines: Jason-1 ground tracks.
Fig. 4. (a) The cost function and gradient norm normalized by their values of the first iteration with respect to iteration number from idealized experiment one; (b) The normalized cost function and gradient norm from idealized experiment two; (c) The normalized cost function and gradient norm from idealized experiment three.
Fig. 5. (a) The SSH fields from the model control run in idealized experiment one (used as “observations”) at model day 0 (left) and model day 9 (right); (b) SSH synoptic maps (at model day 9) of the initial guess (left) and iteration 10 (right); (c) The root mean square error (RMSE) of SSH of the initial guess (left) and iteration 10 (right) computed from the control run SSH fields.
Fig. 6. The 18°C isotherm depth (at model day 9) of the “truth”, or control run (top), the first guess (lower left) and iteration 10 (lower right).
Fig. 7. Top row: Control run (“truth”) SSH field from experiment two at Days 0, 5 and 9 of the assimilation time period constructed by applying the CEOF mapping technique to values sampled along locations corresponding to T/P and Jason-1 observation locations (black dots) every ten days.  Middle row:  SSH fields constructed by applying the mapping technique of Yu et al. [2007] to the model data sampled along synthetic altimeter tracks.  Lower row:  Differences between the model SSH and the mapped synthetic altimeter sampled SSH fields.
Fig. 8. (a) The SSH and surface velocity synoptic maps of the initial guess (left) and Iteration 13 (right) at model day 9 from the idealized assimilation experiment two; (b) The RMSE of SSH of the initial guess (left) and iteration 13 (right) computed from the control run SSH fields; (c) The RMSE of SSH following a 10-day forecast initialized from the first guess (left) and from iteration 13 (right).
Fig. 9. (a) Synoptic maps of the gridded SSH fields produced applying the CEOF mapping method of Yu et al. [2007] to T/P and Jason-1 data shown at model day 0 (January 9, 2004) and model day 9 (January 18, 2004); (b) Synoptic maps of SSH and surface velocity for the initial guess (left) and iteration 14 (right) at model day 9; (c) The RMSE of SSH of the initial guess (left) and iteration 14 (right) computed with respect to the gridded observation fields.
Fig. 10. The along-trace SSH RMSE computed along the altimeter ground tracks.
