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Fig.2 Optical Images of the HTHH Volcano in Tonga
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Fig.3 Time Series of Sentinel-1 SAR Backscatter Intensity Diagrams of the HTHH Volcano in Tonga
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Fig.4 InSAR Derived Annual Mean Surface Displace-
ment Rate Map in Satellite Radar LOS Direction for
the HTHH Volcano in Tonga
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Fig.5 InSAR Derived Surface Displacement Time Series in Satellite Radar LOS Direction for the HTHH Volcano

and the Feature Points in Tonga
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Fig.9 Comparisons of Optical Images Before and After the Volcanic Eruption in the Main Residential Areas of Tonga
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Remote Sensing Integrated Technical Framework for the Rapid Response to the HTHH Underwater

Volcanic Eruption in Tonga
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Rapid Interpretation and Analysis of the 2022 Eruption of Hunga Tonga-
Hunga Haapai Volcano with Integrated Remote Sensing Techniques

HU Yufeng'** LI Zhenhong'*® WANG Le'? CHEN Bo'? ZHU Wu'??®
ZHANG Shuangcheng '** DU Jiantao '* ZHANG Xuesong'? YANG Jing'?
ZHOU Meiling'?*  LIU Zhenjiang'? WANG Sisi* MIAO Chen*

ZHANG Lianchong® PENG Jianbing '
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2 Big Data Center for Geosciences and Satellites, Changan University, Xian 710054, China
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Abstract: Objectives: On 14th and 15th January 2022, the Hunga Tonga-Hunga Haapai (HTHH) under-
water volcano in Tonga in the South Pacific Ocean violently erupted and caused a tsunami, which has
attracted widespread international attention. In this paper, we attempted to rapidly investigate this once-
in-a-millennium massive event using integrated remote sensing techniques.Methods: We comprehensive-
ly used multi-temporal satellite optical images, radar images, global navigation satellite system (GNSS)
observations and other datasets to quickly interpret and analyze the volcanic eruption process and its im-
pacts. The damage assessment in parts of Tonga was also performed. Based on the integrated remote
sensing techniques, we presented a technical framework for the rapid interpretation and analysis of volca-
nic eruptions, which comprises of six components, namely multi-source data acquisition, geomorphology
monitoring, deformation monitoring, environmental response detection, damage assessment and recovery
decision. Results: Our results show that the HTHH underwater volcano in Tonga had exhibited obvious
surface displacements in the satellite radar line of sight direction with a maximum accumulated displace-
ment of 6.0 cm since June 2020, and erupted since around 22nd December 2021. During the volcanic
eruption, the local magnetic field and ionosphere exhibited obvious abnormal signals, and the continuous
GNSS data in Tonga suggested clear surface displacements with an uplift up to 50.2 cm. Most areas of
Tonga were blanketed in ash, but it appeared that, in northern part of Tonga’s capital, little damage was

observed in the coastlines and the main buildings and roads remained intact. Conclusions: This study
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shows how to use integrated remote sensing techniques to quickly respond to underwater volcanic erup-
tions, including the topography evolution of the HTHH volcano and the damage assessment of its erup-
tion. It 1s believed that the remote sensing integrated technical framework shall not only contribute to the
speedy recovery and reconstruction of the society after the HTHH volcanic eruption, but also to the miti-
gation of future geohazard events.

Key words: Tonga underwater volcano; multi-source remote sensing datasets; hazard response; eruption

process monitoring ; damage assessment
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