
EasyChair Preprint
№ 9590

Tropical Cyclone Triggers PSC Shifts in the
Arabian Sea

Rebekah Shunmugapandi, Shirishkumar Gedam and
Arun Inamdar

EasyChair preprints are intended for rapid
dissemination of research results and are
integrated with the rest of EasyChair.

January 19, 2023



 
 
 
 
 
 

Tropical cyclone triggers PSC shifts in the Arabian Sea 

Rebekah Shunmugapandi
1,2

, Shirishkumar Gedam
2
, Arun Inamdar

2
 

1Bigelow Laboratory of Ocean Sciences, ME 04544, USA  
2Centre of Studies in Resources Engineering, MH 400076, USA 

 

 

Abstract. Of the many oceanic ecosystems experiencing seasonal and climate-driven changes 

worldwide, the Arabian Sea (AS) stands out as the one with the most dramatic and extreme 

changes of all. However, the phytoplankton community distribution pattern and environmental 

adaptation to the extreme events in the Arabian Sea are less explored. Hence these features of 

the Arabian Sea and the fact that no comprehensive studies have been attempted to investigate 

the phytoplankton structure based on their size (micro- >20 μm, nano- 2 – 20 μm and 

picoplankton- < 2 μm) in this regional basin provided an opportunity to explore and understand 

the tropical cyclone influence on the phytoplankton size classes (PSC) distribution in the AS. 

The aim of this study is to investigate the phytoplankton size classes (PSC) distribution pattern 
in the AS during tropical cyclone events through a three-component approach and reconstructed 

chlorophyll-a datasets. The study revealed interesting results not reported earlier. The cyclone 

influences PSC variations observed in the AS revealed that the short extreme events regulate the 

PSC changes in the Arabian sea by controlling the physical drivers. 

1. Introduction 

 

 The Arabian Sea (AS) is regarded as the most productive ecosystem located in the western part 

of the north Indian Ocean, is a semi-enclosed basin experience diurnal and seasonal change due to the 

seasonally reversing monsoon winds [1], [2]. This characteristic driving factor significantly influences 

the Arabian Sea marine ecosystem structure [3], [4].  As a sensitive ecological indicator, the 
phytoplankton is distributed with a definite pattern corresponding to the monsoonal changes throughout 

the year [5], [6]. However, extreme weather events such as tropical cyclones might appear transient, but 

that would cause a sudden dramatic change in the phytoplankton distribution[7], [8]. Such changes occur 
due to biogeochemical variability affected by the cyclone [9]. 

 Phytoplankton communities are susceptible to environmental conditions dictated by nutrient and 

light availability, which certainly impacts the primary production and the marine food web [10]–[12]. 
Many studies have recorded phytoplankton response to extreme events primarily using the 

oversimplified representation of the phytoplankton community as a single group through biomass 

expressed as chlorophyll-a (chl-a) concentration[13], [14]. Such generalized presumption leads to 

discrepancies in monitoring the ecosystem structure and function [13], [15]. Besides, the chl-a 
concentration provides limited information compared to the community-wise approach to determining 

the impact of a tropical cyclone on phytoplankton distribution [7], [16]Few such studies incorporate 

taxonomically, size, or functional-based phytoplankton classification methods to assess their distinct 
role in the marine ecosystem and the specific response to the environmental conditions [13], [17].  

 Unusual mono-specific and multi-species phytoplankton blooms have been reported in the 

Arabian Sea in past decades [18], [19]. Over the past few years, countries bordering the Arabian Sea, 
including India, have been experiencing episodic occurrences of dead fish washing up on their shores, 

which might be related to the blooms and associated hypoxic events [20], [21]. The consequences of 



 
 
 
 
 
 

blooms have been debated from positive and negative points of view. The positive aspect of 

phytoplankton blooms is that they are beneficial to fisheries and primary production, and they are 

essential in maintaining the biogeochemical cycles of the sea [11]. The negative aspects are that some 
blooms can negatively affect fisheries and human health [22]. Therefore, identifying the environmental 

adaptations of PSC in the AS helps to understand the AS ecosystem efficiently. Further, the extreme 

event’s investigation of phytoplankton groups helps to observe the community shift and dominance of 
phytoplankton communities and the response of phytoplankton communities in the AS. 

 In this work, the impact of the cyclonic event on the PSC dynamics was assessed by retrieving 

the PSC using the reparametrized model and examined the relative biogeochemical changes due to the 

cyclonic events.  The PSC variability due to the tropical cyclone event is studied in detail to investigate 
the potential impact of the tropical cyclonic event on the variability in physical and chemical properties 

and its role in corresponding PSC shifts in the passage regions. 

 
 

Table 1. Summary of 42 cyclone cases that occurred in the Arabian Sea from 2003 to 2019 
 

No Cyclone events Start date End date Duration in days 

1 ARB_2003_1 12/11/2003 15/11/2003 4 

2 ARB_2004_1 05/05/2004 10/05/2004 5 

3 ARB_2004_2 10/06/2004 13/06/2004 3 

4 ONIL 30/09/2004 03/10/2004 4 

5 ARB_2004_3 02/11/2004 07/11/2004 6 
6 AGNI 29/11/2004 02/12/2004 3 

7 ARB_2005_1 21/06/2005 22/06/2005 2 

8 ARB_2006_1 13/01/2006 14/01/2006 2 

9 MUKDA 21/09/2006 24/09/2006 4 

10 GONU 02/06/2007 06/06/2007 5 

11 YEMYN 25/06/2007 05/06/2007 1 

12 ARB_2007_1 28/10/2007 2/11/2007 6 

13 ARB_2008_1 05/06/2008 06/06/2008 2 

14 PHYAN 9/11/2009 11/11/2009 3 

15 BANDU 19/05/2010 22/05/2010 4 

16 PHET 31/05/2010 7/06/2010 8 
17 KEILA 29/10/2011 03/11/2011 6 

18 ARB_2011_1 06/11/2011 09/11/2011 4 

19 MURJAN 23/10/2012 25/10/2012 3 

20 ARB_2012_1 22/12/2012 24/12/2012 3 

21 ARB_2013_1 08/11/2013 10/11/2013 3 

22 NANAUK 10/06/2014 13/206/2014 4 

23 NILOFAR 26/10/2014 31/10/2014 6 

24 ASHOBAA 07/06/2015 11/06/2015 5 

25 ARB_2015_1 22/06/2015 24/06/2015 3 

26 ARB_2015_2 09/10/2015 11/10/2015 3 

27 ARB_2015_3 29/10/2015 05/11/2015 8 

28 ARB_2015_4 06/11/2015 10/11/2015 5 
29 ARB_2016_1 27/06/2016 29/06/2016 2 

30 ARB_2016_2 17/12/2016 18/12/2016 2 

31 OCKHI 30/11/2017 04/12/2017 5 

32 ARB_2018_1 13/03/2018 14/03/2018 2 

33 SAGAR 16/05/2018 19/05/2018 4 

34 MEKNU 21/05/2018 26/05/2018 6 

35 LUBAN 06/10/2018 14/10/2018 9 

36 ARB_2019_1 10/06/2019 17/06/2019 8 

37 ARB_2019_2 22/09/2019 25/09/2019 4 

38 ARB_2019_3 24/10/2019 02/11/2019 10 

39 ARB_2019_4 30/10/2019 07/11/2019 9 



 
 
 
 
 
 

40 ARB_2019_5 02/12/2019 07/12/2019 6 
41 ARB_2019_6 03/12/2019 05/12/2019 3 

42 ARB_2019_7 08/12/2019 10/12/2019 3 

 

 

Figure 1. Tracks of tropical cyclones observed between 2003-2019 in the Arabian Sea. 

2. Data and Methods 

The present study is based on a chl-a [mg m−3] MODIS-Aqua Level-3 products, obtained from 

the NASA ocean color daily and 4-km resolution from the website (https://oceancolor.gsfc.nasa.gov/).  

The analyzed series covers the period from 2003 to 2019 for the Arabian Sea (43 °E to 79°E and 0°N to 
31°N).  The satellite-based data products are generally prone to missing data values due to overcast 

conditions. Missing values of chl-a were reconstructed by Data Interpolation Empirical Orthogonal 

Function (DINEOF) developed by [23]. The DINEOF method is based on Empirical Orthogonal 
Function (EOF), which fills the missing data values with the number of EOF modes on an iterative basis. 

It is a freely available method that can be obtained from http://modb.oce.ulg.ac.be 

/mediawiki/index.php/DINEOF. Many studies have incorporated this method and proved successful in 

reconstructing oceanographic datasets like chl-a [5], [24]. Further the reparametrized three component 
model of Shunmugapandi et al. (2022) is applied on the reconstructed chl-a to retrieve the PSC time-

series datasets. 

 
3. Results 

3.1 Cyclone induced phytoplankton community shift 

 The mesoscale variability of PSC due to cyclonic events is examined using reconstructed chl-a 

data. For an in-depth understanding of PSC due to cyclones, a total of 42 cyclone cases occurred in the 
AS from 2003-2019 is taken for analysis (shown in Table. 1 and Figure 1). Cyclone track data from 



 
 
 
 
 
 

IMD is used to extract corresponding PSC on each transit point for all 42 cyclone cases under three 

stages (pre, during and post-cyclone). Through reconstructed chl-a, the above extraction process was 

efficiently achieved. The percentage change of each PSC is calculated to estimate the short-term PSC 
changes affected by the cyclonic events (Figure 2).  In comparing the 42 cyclone cases shown in Figure 

1, it is found that the tropical cyclone could initiate phytoplankton community shift with high intensity 

compared to other cyclones. The percentage change of specific PSC is high due to the impact of the 
extreme tropical cyclone compared to other cyclonic events in the AS shown in Figure 2. On noticing 

the microplankton, the overall percentage change is + 15 % in the cyclone transect. Whereas the 

percentage change of picoplankton reduced to -16 % in the same cyclone transect region.  There are no 

substantial changes in the nanoplankton noticed. The impact of the tropical cyclone on the physical and 
biogeochemical in the cyclone passage region and the corresponding effect on the PSC distribution is 

studied. 

 
 

 
Figure 2. Observation of PSC before, middle and after the passage of 42 cyclone tracks. The cyclone 
case information is specified in Table 8.1 in ascending order as per the year occurred. 

 

5.  Discussion and conclusion 

 Our study finds that the intensity of the cyclones and the cyclone-induced PSC shifts are high in 

the post-monsoon in the Arabian Sea. The duration of the PSC shifts is longer based on the intensity of 

the cyclone for about 7-14 days. Further, the southern part of the Arabian Sea experiences massive 

community shifts compared to the northern part. The strong winds associated with cyclonic event 
induces upwelling of nutrients in the oligotrophic waters in the southern part, which creates a favourable 

condition for the microplankton to proliferate. This process led to dominance and community shift from 

picoplankton to microplankton in the cyclone passage region. This study provides the outlook of 
cyclone-induced PSC community shifts in the Arabian Sea.   

 

References 
[1] R. Barimalala, A. Bracco, F. Kucharski, J. P. McCreary, and A. Crise, “Arabian Sea ecosystem responses 

to the South Tropical Atlantic teleconnection,” J. Mar. Syst., vol. 117–118, pp. 14–30, 2013, doi: 
10.1016/j.jmarsys.2013.03.002. 

[2] M. Madhupratap et al., “Mechanism of the biological response to winter cooling in the northeastern 

Arabian Sea,” Nature, vol. 384, no. 6609, pp. 549–552, 1996, doi: 10.1038/384549a0. 

[3] S. Prasanna Kumar and T. G. Prasad, “Winter cooling in the northern Arabian Sea,” Curr. Sci., vol. 71, 

no. 11, pp. 834–841, 1996. 

[4] S. Prasanna Kumar et al., “Seasonal cycle of physical forcing and biological response in the Bay of 

Bengal,” Indian J. Mar. Sci., vol. 39, no. 3, pp. 388–405, 2010. 

[5] R. Shunmugapandi, A. B. Inamdar, and S. K. Gedam, “Long-time-scale investigation of phytoplankton 

communities based on their size in the Arabian Sea,” Int. J. Remote Sens., vol. 41, no. 15, pp. 5992–6009, 

2020, doi: 10.1080/01431161.2020.1714785. 



 
 
 
 
 
 

[6] G. Wang, W. Cao, G. Wang, and W. Zhou, “Phytoplankton size class derived from phytoplankton 

absorption and chlorophyll-a concentrations in the northern South China Sea,” Chinese J. Oceanol. 

Limnol., vol. 31, no. 4, pp. 750–761, 2013, doi: 10.1007/s00343-013-2291-z. 

[7] B. Subrahmanyam, K. H. Rao, N. Srinivasa Rao, V. S. N. Murty, and R. J. Sharp, “Influence of a tropical 

cyclone on chlorophyll-a concentration in the Arabian Sea,” Geophys. Res. Lett., vol. 29, no. 22, pp. 22-

1-22–4, 2002, doi: 10.1029/2002gl015892. 

[8] D. Wang and H. Zhao, “Estimation of phytoplankton responses to Hurricane Gonu over the Arabian Sea 

based on ocean color data,” Sensors, vol. 8, no. 8, pp. 4878–4893, 2008, doi: 10.3390/s8084878. 

[9] H. Li et al., “The Impact of Summer Arctic Cyclones on Chlorophyll-a Concentration and Sea Surface 

Temperature in the Kara Sea,” IEEE J. Sel. Top. Appl. Earth Obs. Remote Sens., vol. 12, no. 5, pp. 1396–

1408, 2019, doi: 10.1109/JSTARS.2019.2910206. 
[10] IOCCG, “Phytoplankton functional types from Space.,” Reports Monogr. Int. Ocean. Coord. Gr., no. 15, 

p. 156, 2014. 

[11] N. Mayot et al., “Influence of the Phytoplankton Community Structure on the Spring and Annual Primary 

Production in the Northwestern Mediterranean Sea,” J. Geophys. Res. Ocean., vol. 122, no. 12, pp. 9918–

9936, 2017, doi: 10.1002/2016JC012668. 

[12] R. Shunmugapandi, S. Gedam, and A. B. Inamdar, “Phenology of Phytoplankton Size Classes in the 

Arabian Sea,” IEEE Geosci. Remote Sens. Lett., vol. 19, pp. 1–5, 2021, doi: 10.1109/lgrs.2021.3132660. 

[13] A. Nair et al., “Remote sensing of phytoplankton functional types,” Remote Sens. Environ., vol. 112, no. 

8, pp. 3366–3375, 2008, doi: 10.1016/j.rse.2008.01.021. 

[14] A. Sahay, S. M. Ali, A. Gupta, and J. I. Goes, “Ocean color satellite determinations of phytoplankton size 

class in the Arabian Sea during the winter monsoon,” Remote Sens. Environ., vol. 198, pp. 286–296, 2017, 

doi: 10.1016/j.rse.2017.06.017. 
[15] T. S. Kostadinov et al., “Inter-comparison of phytoplankton functional type phenology metrics derived 

from ocean color algorithms and Earth System Models,” Remote Sens. Environ., vol. 190, no. January, pp. 

162–177, 2017, doi: 10.1016/j.rse.2016.11.014. 

[16] I. I. Lin, “Typhoon-induced phytoplankton blooms and primary productivity increase in the western North 

Pacific subtropical ocean,” J. Geophys. Res. Ocean., vol. 117, no. 3, 2012, doi: 10.1029/2011JC007626. 

[17] C. B. Mouw et al., “A consumer’s guide to satellite remote sensing of multiple phytoplankton groups in 

the global ocean,” Front. Mar. Sci., vol. 4, no. FEB, 2017, doi: 10.3389/fmars.2017.00041. 

[18] R. Dwivedi, S. K. Baliarsingh, A. A. Lotliker, T. S. Kumar, and S. S. C. Shenoi, “An optical approach for 

synoptic monitoring of red Noctiluca scintillans bloom and its associates from space, Report No .: ESSO 

/ INCOIS / ASG / TR / 11 ( 2016 ),” vol. 11, p. 14, 2016. 

[19] J. Lin, W. Cao, G. Wang, and S. Hu, “Satellite-observed variability of phytoplankton size classes 
associated with a cold eddy in the South China Sea,” Mar. Pollut. Bull., vol. 83, no. 1, pp. 190–197, 2014, 

doi: 10.1016/j.marpolbul.2014.03.052. 

[20] H. R. Gomes, J. I. Goes, and T. Saino, “Influence of physical processes and freshwater discharge on the 

seasonality of phytoplankton regime in the Bay of Bengal,” Cont. Shelf Res., vol. 20, no. 3, pp. 313–330, 

2000, doi: 10.1016/S0278-4343(99)00072-2. 

[21] H. Do Rosário Gomes et al., “Massive outbreaks of Noctiluca scintillans blooms in the Arabian Sea due 

to spread of hypoxia,” Nat. Commun., vol. 5, no. May, 2014, doi: 10.1038/ncomms5862. 

[22] M. S. D’Silva, A. C. Anil, R. K. Naik, and P. M. D’Costa, “Algal blooms: A perspective from the coasts 

of India,” Nat. Hazards, vol. 63, no. 2, pp. 1225–1253, 2012, doi: 10.1007/s11069-012-0190-9. 

[23] J. M. Beckers and M. Rixen, “EOF calculations and data filling from incomplete oceanographic datasets,” 

J. Atmos. Ocean. Technol., vol. 20, no. 12, pp. 1839–1856, 2003, doi: 10.1175/1520-

0426(2003)020<1839:ECADFF>2.0.CO;2. 
[24] V. C. Andreo, A. I. Dogliotti, and C. B. Tauro, “Remote Sensing of Phytoplankton Blooms in the 

Continental Shelf and Shelf-Break of Argentina: Spatio-Temporal Changes and Phenology,” IEEE J. Sel. 

Top. Appl. Earth Obs. Remote Sens., vol. 9, no. 12, pp. 5315–5324, 2016, doi: 

10.1109/JSTARS.2016.2585142. 

[25] R. Shunmugapandi, S. Gedam, and A. B. Inamdar, “Phenology of Phytoplankton Size Classes in the 

Arabian Sea,” IEEE Geosci. Remote Sens. Lett., vol. 19, 2022, doi: 10.1109/LGRS.2021.3132660. 

 


