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Internal Solitary Waves (ISWs) are nonlinear internal wave phenomena that propagate within the
ocean interior and play a critical role in ocean mixing, nutrient transport, and sediment
redistribution. Although they exist primarily below the sea surface, ISWs can significantly influence
upper-ocean conditions by modulating surface roughness, temperature, and optical properties. These
surface expressions enable their detection using satellite remote sensing. The Indonesian Seas,
characterized by strong tidal forcing, complex bathymetry, and pronounced monsoonal variability,
represent one of the most active regions globally for ISW generation. Despite their frequent
occurrence and large amplitudes, the long-term variability, spatial distribution, and connections
between ISWs and large-scale climate oscillations in this region remain insufficiently characterized.
This dissertation addresses these gaps through an integrated multi-satellite remote sensing
framework to detect, characterize, and quantify ISW properties, with the Lombok Strait as a focal
region of intense activity. The originality of this study is based on the integration of optical, thermal,
and radar satellite observations spanning nearly a decade to examine ISW surface expressions,
propagation characteristics, and seasonal to interannual variability. This long-term, multi-sensor
approach provides the first comprehensive assessment of ISW dynamics in the Indonesian Seas and
advances understanding of their behavior in a complex tropical environment.

The study first investigates how ISWs manifest at the sea surface and become observable in
optical satellite imagery. Using data from the Global Change Observation Mission—Climate
(GCOM-C) Second-generation Global Imager (SGLI), ISWs are shown to appear as quasi-linear,
alternating bright and dark bands resulting from modulations of surface roughness that affect
sunlight reflection. Consistent ISW signatures are identified across multiple spectral products,
including top-of-atmosphere radiance, ocean color, and sea surface temperature (SST). This
consistency demonstrates that ISWs exert a measurable influence on both optical and thermal
satellite-derived parameters. These findings challenge the traditional assumption that internal
waves are purely subsurface processes with negligible surface impact. Instead, they demonstrate that
ISWs influence upper-ocean thermodynamics and air—sea energy exchange. Consequently, this study
underscores the importance of accounting for ISW-related anomalies in ocean color and SST datasets
to prevent misinterpretation in large-scale climatological and biogeochemical analyses, particularly
in regions of strong internal wave activity.

Building on the characterization of ISW surface manifestations, the dissertation quantifies their
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propagation characteristics and long-term wvariability using a nine-year archive of Sentinel-1
synthetic aperture radar (SAR) imagery. The all-weather capability and sensitivity of SAR to surface
roughness enable consistent monitoring of ISWs across seasons and years. By integrating SAR
detections with tidal model outputs, ISW propagation speeds and occurrence frequencies are
estimated. Statistical analyses reveal a moderate positive correlation between ISW activity and the
Indian Ocean Dipole IOD) (r = 0.365) and a moderate negative correlation with the El Nifio—
Southern Oscillation (ENSO) (r = —0.30). These relationships indicate that large-scale climate
oscillations modulate ISW generation through variations in ocean stratification and thermocline
depth. Spectral analysis further identifies dominant variability at approximately 12- and 54-month
periods, corresponding to monsoonal and interannual climate variability, respectively. This provides
the first long-term observational evidence that ISW dynamics in the Lombok Strait are influenced by
both regional monsoon systems and global climate modes.

To further resolve seasonal contrasts, this study integrates radar and optical observations from
Sentinel-1, GCOM-C/SGLI, and Terra/MODIS satellites. Results show that ISWs occur more
frequently during the northwest monsoon, often forming multiple solitons within a single wave
packet, reflecting enhanced generation under stronger stratification and intensified tidal forcing.
During the southeast monsoon, ISWs exhibit longer wavelengths, slower phase speeds, and a higher
frequency of double-wave packets. Phase speed estimates derived from satellite observations and
theoretical calculations based on the Korteweg—de Vries (KdV) equation consistently indicate faster
propagation during the northwest monsoon. This seasonal acceleration is associated with a shallower
thermocline and stronger density gradients. Concurrently, optical satellite observations reveal higher
chlorophyll-a concentrations and increased turbidity during this season, suggesting that ISW-driven
mixing and sediment resuspension significantly modulate surface biogeochemical conditions.

Collectively, these results provide a comprehensive understanding of ISW manifestation,
propagation, and variability across multiple spatial and temporal scales. The novelty of this
dissertation lies not only in its methodological integration of multiple satellite platforms but also in
its conceptual contribution to viewing ISWs as dynamic components of the coupled ocean—atmosphere
system. The study provides empirical evidence that ISWs influence satellite-derived environmental
parameters, emphasizing the need to consider internal wave effects in ocean color and SST
climatology. In summary, this dissertation advances understanding of ISW dynamics in the
Indonesian Seas by demonstrating their detectability, quantifiable characteristics, and
responsiveness to seasonal and climatic drivers. It highlights the Lombok Strait as a critical region
for investigating interactions between internal waves and large-scale ocean—climate processes. The
integration of multi-sensor satellite observations and long-term datasets also establishes a
foundation for future studies using artificial intelligence and data-driven modeling to improve the
detection, characterization, and prediction of ISWs. Through its multidisciplinary approach, this
research makes a substantial contribution to the field of ocean remote sensing, particularly in the

study of internal wave—climate interactions.
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