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Fig. S1. Time series of MAD averaged over the open Gulf (excluding shelf regions shallower than 300 m) for (a) SSH (cm), (b) temperature (T, ), (c) salinity (S), and (d) velocity (U, m/s) from the free run and fraternal twin runs. MAD of all physical variables except SSH were averaged over the entire water column. Black dashed lines in (a, b) denote the values of observation errors. Gray vertical lines indicate the assimilation steps. The gray area marks the 4-week period without data assimilation.
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Fig. S2. The difference of physical variables’ time- and water-column-averaged (daily snapshots from 1 April to 1 October) MAD between fraternal twin F3 and the free run. Negative values (cold colors) correspond to a decrease in MAD compared to free run, whereas positive values (warm colors) correspond to an increase. The gray contour marks the bathymetric depth of 300 m.
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Fig. S3. August-mean temperature (T) at 400 m from the (a) “Truth”, (b) Free, (c) F1 and (d) F3 run in fraternal twin experiments. The white dot denotes the location of the Deepwater Horizon oil rig. The contours mark the 12  isotherm, where the black contours denote the isotherm or isohaline for the “truth” while red contours denote those for the actual simulation in each panel. The horizontal domain averaged MAD and Bias values at 400 m for each experiment in relative to the “truth” are also presented in respective panel.
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Fig. S4. August-mean velocity at 400 m in the (a, d, g, j) “truth”, (b, e, h, k) free and (c, f, I, l) I1 run in identical twin experiments. Panels in the 1st, 3rd and 4th columns are zoomed into the western shelf, central Gulf, and norther shelf, respectively. The white dot denotes the location of the DwH oil rig, and gray contours mark the bathymetric depths of 300, 1000, 2000 and 3000 m, respectively.  
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