Improving Coastal Marine Gravity
1. EGM2008 created from a variety of sources (Pavlis et al., 2012)
a. Primarily based on satellite gravity (GRACE) at long wavelengths.
b. On land based on terrestrial gravity as well as topography.
c. On ocean based on satellite altimetry from Geosat and ERS-1

2. Errors in marine gravity from EGM2008 come from 4 sources (Figure 1)

a. 5 Minute resolution of 2159 spherical harmonic model does not capture shortest wavelength anomalies (Figure 1a).

b. Fourier edge effects caused by mixing land gravity with ocean sea surface slope causes errors near coastlines where gravity gradients are high (Figure 1b).

c. Mesoscale eddies at western boundary currents cause time variations in sea surface slope (Figure 1c)
d. Tide model errors, especially in coastal areas, are a major source of slope error. (Figure 1d)

3. Objectives

a. Our objectives for marine gravity are to achieve 1 mGal error globally.

b. Sandwell is funded by NSF and ONR to develop improved retracking algorithms for CryoSat, Envisat, and Jason-1 (all non-reprat orbits) to improve deep ocean and Arctic gravity.

c. Improvement in coastal gravity will require reduction of the Fourier  edge effect and improvement of global tide models.

4. Proposed research

a. Work with NGA to perform a better combination of land gravity and ocean slopes near coastlines to minimize the Fourier edge effect.

b. Develop new methods for reducing tide model errors in coastal areas.

5. Approach to modeling tides

a. Size and significance of SSH slope errors due to tides.
b. Causes of errors in tide models.
c. Empirical models of tidal sea surface slope.

d. Dynamical modeling and conventional data assimilation.
e. Simultaneous estimation of bottom topography and tides.
6. Management plan

a. Sandwell prepares global data from Geosat, ERS-1, Envisat, CryoSat, and Jason-1.  These will be residual slopes from EGM2008 with some tide model removed.

b. Zaron performs a least squares analysis of spatial and temporal basis functions to empirically reduce the tide errors.

c. Year 1  - the tide approach is first developed for the Yellow Sea area.

d. Year 2 – approach is extended to other shallow water areas.  In addition Sandwell and NGA exchange refined data sets to construct the next generation EGM model.

e. Year 3 – the tide model corrections are applied globally and analyzed in terms of bottom topography.
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Figure 1. Median absolute deviation in sea surface slope with respect to EGM2008.  The CSR4.0 tide model has been removed from all profiles (I use this one because it goes all the way to the coastline.) Data from 4 altimeters having dense track coverage is combined (Geosat, ERS-1, Envisat (35/30 day repeat), CryoSat).  All data are retracked at 20 Hz.  Slopes are low-pass filtered with a 0.5 gain at 16 km wavelength.  This cutoff wavelength is a compromise between reduction of wave height noise and retention of short wavelength gravity anomalies.
(a) Large slope deviations are caused by the very sharp gravity anomalies of the Eltanin Transform system.  Differences of up to 60 mGal are not captured by the 5-minute resolution of the EGM2008 model.  Similarly the mid Stlantic ridge displays similar short wavelength residuals.

(b) Large slope deviations along the Aleutian seamount chain.  These are partly caused by a Fourier edge effect because the land gravity and ocean slopes are inconsistent at the shoreline.

(c) Large slope deviations are caused by mesoscale variability from the Gulf Stream.

(d) Large slope variations in the Yellow Sea  are caused by tide model error in shallow areas  (see section XX).
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Figure 2(c) Median absolute slope error for the Yellow Sea area as a function of ocean depth.  Slope errors are greatest in when the ocean depth is less than 50 m.
