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relative GPS processing, for which the GPS Analysis at

Massachusetts Institute of Technology (GAMIT) Track

V1.28 software was used, computing the glider’s position

using a network solution. IGS08 absolute antenna phase

center models were applied, the ambiguities were fixed to

integers, and the tropospheric Global Mapping Function

(GMF; Boehm et al. 2006a) was used but without

estimating a tropospheric parameter. The GAMIT Track

default coordinate process noise of 4.53 1023kms21/2 was

applied, together with elevation angle–dependent obser-

vational weighting. Data from 1717:30 to 1722:30 UTC

were excluded from the processing due to the severe

signal masking described above.

4. Measured water surface height of Loch Ness

Figure 3a shows the time series of heights above the

World Geodetic System 1984 (WGS84) ellipsoid of the

GPS Wave Glider’s Zephyr 2 antenna reference point,

which we estimate was about 0.36m above the glider’s

deck, which, in turn, rose above the water surface by

around 0.04m in calm water. The top curve is obtained

using the kinematic PPP GPS technique. The blue curve

corresponds to the 1-s time series. The clear negative

trend in ellipsoidal height is mostly, as we will argue

below, due to the geoid gradient along the loch. Once

the linear component of the trend is removed, the time

series has a standard deviation (s) of ;0.06m, which is

commensurate with kinematic PPP precisions obtained

with unobstructed sky visibility (e.g., Chen et al. 2013;

Kuo et al. 2012). Moving averaging the data with a 3-s

boxcar window (green curve) reduces s to 0.04m (ap-

proximately 50% of the time series variance is concen-

trated at frequencies higher than 0.25Hz, which we

investigate in section 4c). Further filtering the data

with a 900-s boxcar window hardly affects s, since there

is only a 5% loss in signal variance in the frequency in-

terval (1.1 3 1023Hz, 0.25Hz). The bottom curve of

Fig. 3a is the time series obtained using the relative GPS

approach offset from the PPP curve by 20.5m. There

is a striking visual similarity between the PPP and relative

GPS time series and, when linearly detrended, the cor-

relations between themare 0.93, 0.87, and 0.91 for the 1-, 3-,

and 900-s moving averaged time series, respectively,
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FIG. 3. (a) Time series of heights above the ellipsoid of the GPS antenna reference point cal-

culated during the Loch Ness passage. The top blue curve corresponds to the kinematic post-

processed PPP GPS 1-s ellipsoidal heights (referenced to their mean value over the ;25 h of the

survey, which is 70.00m). The bottom blue curve represents the ellipsoidal heights derived from

relative GPS postprocessed with respect to FAUG and INVR (also referenced to its mean value

over the;25 h of the survey, namely, 70.00m) and offset by20.5m for clarity. The green and red

curves are obtained by performing 3-s and 900-s boxcar moving averages, respectively, on the

blue curves. (b) Difference between the PPP and relative GPS curves shown in (a).
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