
 

Journal of Natural Environmental Hazards, Vol.14, Issue 45, September 2025 

 

Oceanic Response to Tropical Cyclones: Analyzing Sea Surface 
Temperature Variations During Tropical Cyclone Nivar in the 

Bay of Bengal 
 

Seyedeh Nastaran Hashemi1, Mahdi Mohammad Mahdizadeh2* , Mohammad Akbarinasab3 
1. Ph.D. Student of Physical Oceanography, Department of Atmospheric and Oceanographic Science (non-Biologic), Faculty 
of Marine Science and Technology, University of Hormozgan, Bandar Abbas, Iran 
2. Corresponding Author, Associate Professor, Department of Atmospheric and Oceanographic Science (non-Biologic), 
Faculty of Marine Science and Technology, University of Hormozgan, Bandar Abbas, Iran 
3. Associate Professor, Department of Marine Physics, Faculty of Marine and Environmental Sciences, University of 
Mazandaran, Babolsar, Iran 

 

Article Info ABSTRACT 

Article type: 

Research Article 

 

Article history:  

Received: 09 October 2024 

Revised: 10 December 2024 

Accepted: 07 January 2025 

 

Keywords:  
Tropical Cyclone, Anomaly, 

Sea Surface Temperature, 

North Indian Ocean, ERA5. 

Various phenomena can cause changes in the sea surface temperature, including 

freshwater influx, wind, solar radiation, ocean currents, and evaporation. This 

study aims to determine the sea surface temperature anomaly caused by the 

passage of a tropical cyclone. The Nivar tropical cyclone occurred in the Bay of 

Bengal between November 22 and 27, 2020. Nivars originated from a low-

pressure area in the Bay of Bengal. The Nivar tropical cyclone was monitored 

based on reports from the Indian Meteorological Department and using data on 

sea surface temperature, zonal wind component, and meridional wind component 

from the ERA5 reanalysis products on November 21-28, 2020. The 

aforementioned data were obtained at a three-hour time step and a spatial 

resolution of 0.25ͦ (approximately 30 km) one day before, one day after, and 

during the Nivar event. Given the significant role of sea surface temperature in 

oceanic processes and climate change, the analysis showed that with the passage 

of the Nivar cyclone, the temperature changed by one degree Celsius compared 

with the previous day. Providing a general framework for evaluating the ocean's 

response to cyclone changes can serve as a foundation for designing early 

warning systems and crisis management in coastal areas, including the southern 

coast of Iran. 
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INTRODUCTION 
Cyclones have a significant impact on the upper layers of the oceans along their path. This impact 
includes the sea surface temperature cooling, changes in ocean salinity, and increased sea surface 
chlorophyll concentration (Price 1981, Lin et al. 2003, and Walker et al. 2005). Understanding the 
ocean's response to a cyclone not only increases cyclone prediction skills but also enriches our 
knowledge of the ocean environment (Zhang et al. 2021). 

 

MATERIAL AND METHOD 
The data source for this study is the ERA5 reanalysis data. To determine the effects (cooling) of 
Tropical Cyclone Nivar, sea surface temperature data and zonal wind speeds and meridional wind 
speeds (U10, V10) were obtained at 3-hour intervals for one day before, one day after, and during the 
cyclone event (from November 21 to 28, 2020). Based on the zonal and meridional wind components 
and according to equation (1), wind shear stress was calculated. Sea surface temperature data and sea 
surface temperature anomaly data were analyzed in the ArcMap 10.8.2 software, and wind data were 
analyzed using Python. Figure 1 shows the study area and the development of the dissipation process 
of the tropical cyclone Nivar. 

 
Figure 1: The study area (adapted from the study by Gracy Margret Mary et al. 2024 and the website 

tropic.ssec.wisc.edu). 
 

(1)  τ �  ρC�U� 

τ: Wind shear stress (Pa)  

ρ: Density (Kg/m^3)  

Cd: Drag coefficient  

U: Wind speed (m/s) 

 

RESULTS AND DISCUSSION 
Sea surface temperature in the Bay of Bengal at the time of Nivar's formation was over 26/5 degrees 
Celsius, indicating a suitable threshold for the formation of a tropical cyclone. On November 21 (one 
day before Nivar's occurrence), the wind shear stress was approximately 0.1 Pascal. On November 28, 
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the wind shear stress reached its lowest value compared to other days. Additionally, the anomaly on 
November 27 (the time of the Nivar tropical cyclone) and November 28 (one day after the Nivar 
tropical cyclone) indicate that along Nivar's path, cooling of about 1 degree Celsius occurred.  
 

CONCLUSION 
This study, from the perspective of physical oceanography, examines the ocean's response to the 
passage of the Nivar tropical cyclone in the Bay of Bengal. Sea surface temperature and wind shear 
stress parameters, which are among the effective parameters in the formation of cyclones, were 
examined. The availability of accurate and accessible marine data and analyses can be effective for 
warning systems and crisis management. It is expected that determining the ocean's response to the 
passage of a tropical cyclone will be helpful in this regard. 
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