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Abstract

Comprehensive spatiotemporal modeling and forecasting systems for ocean dynamics
necessitate robust and efficient data delivery and visualization techniques. The multi-
disciplinary simulation, estimation, and assimilation systems group at MIT (MSEAS)
focuses on capturing and predicting diverse ocean dynamics, including physics, acous-
tics, and biology on varied scales, thereby developing new methods for multi-resolution
ocean prediction and analysis, including data generation and assimilation. The group
has primarily used non-interactive ocean plots to visualize its simulated and mea-
sured data. Although these maps and sections allow for analysis of ocean physics and
the underlying numerical schemes, more interactive maps provide more user control
over depicted data, allowing easier study and pattern identification on multiple scales.
Integrating static and geospatial data in dynamic visualization creates a heightened
viewpoint for analysis, enhances ocean monitoring and prediction, and contributes to
building scientific knowledge. This thesis focuses on explaining the motivation behind
and the methodologies applied in designing these interactive maps.

Thesis Supervisor: Pierre Lermusiaux
Title: Professor, Associate Department Head for Operations



Acknowledgments

First, I would like to express my deep gratitude to Professor Pierre Lermusiaux.
Since he gave me the opportunity to join his MSEAS group, he offered nothing but
patient guidance and useful advice towards the completion of the thesis. My grateful
thanks are also extended to the members of the MSEAS group especially to Deepak
Subramani, Corbin Foucart, Chris Mirabito and Wael H. Ali who welcomed me to
the group and significantly contributed to the work. I would also like to extend my
thanks to some amazing MIT people, who supported me over the years, namely Leslie

Regan, Jason McKnight, Dean Staton, Prof Abeyaratne, Prof Karnik and Prof Hardt.

Second, I am blessed with an extraordinary group of people who have been and will
always be there for me. Mike has been my main support in times of stress. Bardan
has always rooted for me. Many thanks to Adham, Fadel, Ozzy, Assil, Dahlia, Taha,
Leila, Khaled, Hens, I-95 and others.

Finally, I wish to thank my family for their support and encouragement throughout
my studies. Thank you Salwa, Hussein, Qasim and Rana, Samer and Miriam, Sahar,

and my three beautiful nieces, Reine, Rayan and Krystel.

*The MSEAS group is also grateful to the Office of Naval Research for support un-
der Grants N00014-14-1-0725 (Bays-DA), N00014-14-1-0476 (Science of Autonomy
LEARNS) and N00014-15-1-2616 (DRI-NASCar), to the National Science Founda-
tion for support under grant EAR-1520825 (Hazards SEES - ALPHA), and to the
Defense Advanced Research Projects Agency for support under Grant N66001-16-C-
4003 (POSYDON-POINT), each to the Massachusetts Institute of Technology (MIT).
We also thank the MIT Tata Center for their student support during the years 2017-
2018.



