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P A FIHE S, A T 2022 4F 7 A 2023 4R
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Table 1 The buoy IDs and coordinates (latitude and longitude) of the 54 NDBC buoys used in this study

VERRA (/) 2R (7))

41001(34.703°, =72.242°) 42040(29.207°, -88.237°) 46047(32.388°, -119.525°)
41002(31.759°, -74.936°) 42055(22.140°, -94.112°) 46050(44.669°, —124.546°)
41004(32.502°, -79.099°) 42056(19.820°, —84.945°) 46054(34.274°, —120.468°)
41009(28.508°, —80.185°) 42059(15.300°, —67.483°) 46066(52.765°, —155.009°)
41010(28.878°, —78.485°) 42060(16.434°, —63.329°) 46069(33.677°, —120.213°)
41043(21.026°, —64.793°) 44005(43.201°, -69.127°) 46073(55.008°, —172.012°)
41044(21.582°, -58.630°) 44008(40.496°, —69.250°) 46075(53.969°, —160.794°)
41046(23.822°, -68.393°) 44011(41.093°, -66.562°) 46078(55.561°, —152.599°)
41047(27.465°, -71.452°) 44017(40.693°, —72.049°) 46080(57.916°, —150.133°)
41048(31.831°, -69.573°) 44018(42.203°, -70.154°) 46082(59.670°, —143.353°)
41049(27.545°, -63.012°) 44027(44.283°, —67.300°) 46083(58.270°, —138.019°)
42001(25.926°, -89.662°) 44066(39.618°, —72.644°) 46084(56.614°, -136.093°)
42002(26.055°, -93.646°) 46002(42.662°, —=130.507°) 46089(45.936°, —125.793°)
42012(30.060°, —87.548°) 46005(46.134°, ~131.079°) 51000(23.528°, -153.792°)
42019(27.910°, -95.345°) 46006(40.764°, ~137.377°) 51002(17.042°, —157.746%)
42020(26.955°, -96.687°) 46011(34.936°, -120.998°) 51003(19.196°, —160.639")
42036(28.501°, -84.508") 46028(35.770°, —=121.903°) 51004(17.538°, -152.230°)
42039(28.787°, -86.007°) 46035(57.016°, —=177.703°) 51101(24.359°, -162.081°)
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oK. B, A SOl 248 GE B Jason—3 LAY
SWH %45, #1307 2023 45 1 A Jason-3 LR 5
NDBC 7 AR 75 J6 I 5] 87 H /N3 6] 6 R f DL
Beah R, AR F A (A1 2 R[] B 25 70 A [F] 352 25 7K
R BYAEROCER , DATITGE — B 25 4 BE X il 25 R
RS2, A5 30—l i A R0 R I =S Rl T .
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Fig. 1  Flow chart of fusion characteristic analysis of significant wave height
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Table 2 Calibration coefficients and statistical parameters of multi—source satellite significant wave height

e i A=
BER: a B
BIAS /m RMSE /m BIAS /m RMSE /m

Jason-3 1.0069 -0.0403 0.0274 0.2797 <0.0001 0.2785
Saral 0.9538 0.0154 0.0191 0.2944 <0.0001 0.2858
Cyosat—2 0.9847 0.0358 0.0056 0.3516 <0.0001 0.3489
CFOSAT 0.9818 0.0268 0.1267 0.3896 <0.0001 0.3859
HY-2B 1.0493 -0.1704 -0.0091 0.2785 <0.0001 0.2739
HY-2C 0.9872 -0.2277 0.2753 0.4353 <0.0001 0.3529
Sentinel-3A 0.9540 0.0601 0.0416 0.3799 <0.0001 0.3786
Sentinel-3B 0.9467 0.0726 0.0839 0.3332 <0.0001 0.3298
Sentinel-6A 0.9777 0.0677 -0.0209 0.3113 <0.0001 0.3066
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ZEATAS LR UL ES A 7 B o 15 5 37 s v ) AT
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Fig.2  EMD empirical mode decomposition iterative process
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Research on spatiotemporal equivalent fusion method for significant wave
height products of multi—source satellite
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Abstract: Significant Wave Height (SWH) is a crucial parameter in the study of ocean wave fields. Since the launch of GEOSAT in 1985,
satellite altimeters have been providing global observations of SWH. However, the limitations of individual satellite orbit intervals and

operation cycles mean that only the fusion of multi-satellite observation data can meet the needs of mesoscale wave field research. Currently,

methods for fusing SWH data at specific times include the spatiotemporal inverse distance weighting method and the time-weighted

averaging method used in CMEMS L4 products. However, the spatiotemporal inverse distance weighting method does not objectively
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allocate weights for temporal and spatial distances. Additionally, the time-weighted averaging method employed in CMEMS L4 products
cannot meet the fusion requirements for dense grids at high spatial resolutions.

This study utilized along-track 1 Hz SWH data from nine satellite observations. Initially, the multi-source satellite observation data
were matched with buoy data from the National Data Buoy Center (NDBC). Calibration was then performed using least squares regression
analysis. A filtering method based on Empirical Mode Decomposition (EMD) was applied to the calibrated SWH data. By exploring the
equivalence between spatial and temporal distances at the same error level, the influence of spatial and temporal dimensions on the fusion
results was unified, leading to the development of a novel spatiotemporal fusion method for SWH.

Through a systematic study of the fusion process, we found that the spatial window size affects the proportion of blank grids. The error
of the fusion results decreases initially and then increases with the enlargement of the temporal window. Compared with the CMEMS L4
products and traditional spatiotemporal weighting fusion methods, our fusion method demonstrates good consistency in global spatiotemporal
distribution characteristics and reduces errors by 4.1 and 1.55 cm, respectively. Additionally, the proposed fusion method exhibits high-
resolution fusion capabilities.

This study proposes a new method for SWH fusion and conducts a detailed investigation into parameter selection within this method.
The improvements not only demonstrate the potential of the new method in enhancing the accuracy of SWH fusion products but also
increase the practicality and precision of SWH products in various ocean applications. Furthermore, this study provides valuable reference
points for future applications in ocean wave observation and prediction. The combination of 4—9 satellites within a 24-hour temporal
window and three satellites within a 30-hour temporal window, along with the optimal spatial window provided in this study, yields the
highest accuracy in the final fusion results. However, several areas need improvement. Future research should incorporate detailed and
accurate sea ice datasets, considering factors such as sea ice concentration, ice edge, and ice type, to assess the impact on grid masking in
high-latitude regions.

Key words: microwave remote sensing, satellite altimeter, significant wave height, EMD filtering, remote sensing data fusion, spatiotemporal
interpolation method, buoy validation
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