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Fig. 1 Bathymetry of the study area (a) and Sulawesi Sea (b)
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The red box in b indicates the theoretical closed basin for calculating the Rossby normal modes
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Fig.2 Normalized sea surface height distributions of the first 3 barotropic (a—c) and first 3 baroclinic (d—f) Rossby normal modes for the

deep basin in the Sulawesi Sea when n = 1, with the Rossby standard mode period denoted as T
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Fig. 3 Power spectral density of sea surface height anomaly (SLA) in Sulawesi Sea from 1993—-01—-01 to 2022—-12-31
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The blue color represents the power spectrum. The red line represents the average spectral density. The white line represents the mean spectral density at each

period for all grid points. The black lines represent the periods of the Rossby normal modes ,,, . The green line represents the 0.95 confidence lower limit
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Fig. 4 Variance distribution of sea surface height anomalies in the 30-90 day bandpass filtered Sulawesi Sea (1993—-2022)
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The purple-red dotted line encloses the high-variance area where the variance exceeds 7 cm”. Coordinates for point A (3.125°N, 118.375°E) on the western side
of the basin, point B (3.125°N, 120.875°E) in the central basin, and point C (3.125°N, 124.625°E, at a depth of 3 000 m)

are the three typical locations selected for wavelet analysis
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Multi-frequency variability and mechanism of intra-seasonal sea surface
height in the Sulawesi Sea

Mao Zhibang"**, Wang Lu"*, LiJunyi"*?, Xie Lingling"*?, Zheng Quanan’

(1. College of Ocean and Meteorology, Guangdong Ocean University, Zhanjiang 524088, China; 2. Key Laboratory of Climate, Resources
and Environment of Guangdong Higher Education Institutions on the Shelf and in the Deep Ocean, Zhanjiang 524088, China; 3. Key Labor-
atory of Space Ocean Remote Sensing and Application, Ministry of Natural Resources, Beijing 100081, China; 4. Department of Navigation,
Naval Petty Officer Academy, Bengbu 233012, China; 5. Department of Atmospheric and Ocean Sciences, University of Maryland, College
Park 20742, USA)

Abstract: Based on the satellite altimeter observation data from 1993 to 2022, this paper analyzes the temporal and
spatial characteristics of the multi frequency seasonal variation signal of sea surface height in the Sulawesi sea, and
gives the dynamic interpretation by using Rossby standard mode theory. The spectral analysis shows that there is a
strong intra-seasonal signal of 30—90 days in the sea surface height variation of Sulawesi sea, and its average power
spectral density is 13 times of the average power spectral density of the signal in half a year. These seasonal signals
have discrete and discontinuous spectral peak periods, and the peaks of 54.0 d and 64.4 d are the largest, which are
28 times and 23 times of the signal of 30-90 days, respectively. The theoretical analysis shows that the existence of
Rossby standard modes in the nearly closed Sulawesi deep-sea basin. The seasonal variation observed by satellite
altimeter is consistent with the two-dimensional spatial structure evolution, period and westward propagation velo-
city of Rossby standard mode results, the superposition of Rossby standard mode solutions presents a variance dis-
tribution similar to the sea surface height variation field. This shows that the inherent oscillation of Sulawesi Sea

basin is one of the important mechanisms that contribute to its intra-seasonal variation.

Key words: Sulawesi Sea; multi-frequency intra-seasonal variation; spatiotemporal characteristics; Rossby normal modes;

inherent oscillation
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