
remote sensing  

Article

Impact of COVID-19 Lockdown on the Fisheries Sector: A Case
Study from Three Harbors in Western India

Ram Avtar 1,2,* , Deepak Singh 1,3, Deha Agus Umarhadi 2 , Ali P. Yunus 4,5, Prakhar Misra 6 ,
Pranav N. Desai 7, Asma Kouser 8, Tonni Agustiono Kurniawan 9 and KBVN Phanindra 10

����������
�������

Citation: Avtar, R.; Singh, D.;

Umarhadi, D.A.; Yunus, A.P.;

Misra, P.; Desai, P.N.; Kouser, A.;

Kurniawan, T.A.; Phanindra, K.

Impact of COVID-19 Lockdown on

the Fisheries Sector: A Case Study

from Three Harbors in Western India.

Remote Sens. 2021, 13, 183.

https://doi.org/10.3390/rs13020183

Received: 15 October 2020

Accepted: 28 December 2020

Published: 7 January 2021

Publisher’s Note: MDPI stays neu-

tral with regard to jurisdictional clai-

ms in published maps and institutio-

nal affiliations.

Copyright: © 2021 by the authors. Li-

censee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and con-

ditions of the Creative Commons At-

tribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Faculty of Environmental Earth Science, Hokkaido University, Sapporo 060-0810, Japan
2 Graduate School of Environmental Science, Hokkaido University, Sapporo 060-0810, Japan;

deha@eis.hokudai.ac.jp
3 Department of Geography and Resource Management, The Chinese University of Hong Kong, Sha Tin,

New Territories, Hong Kong, China; deepaksingh@cuhk.edu.hk
4 State Key Laboratory of Geohazard Prevention and Geoenvironment Protection,

Chengdu University of Technology, Chengdu 610059, China; pulpadan.yunusali@nies.go.jp
5 Center for Climate Change Adaptation, National Institute for Environmental Studies, Tsukuba,

Ibaraki 305-8506, Japan
6 Research Institute for Humanity and Nature (RIHN), Kamigamo, Kita-ku, Kyoto 603-8047, Japan;

mprakhar@chikyu.ac.jp
7 Centre for Research in Environment, Science and Technology Policy (CREST), New Delhi 110057, India;

dpranav@jnu.ac.in
8 Department of Economics, Bengaluru City University (BCU), Post Office Road, Ambedkar Veedhi, Bengaluru,

Karnataka 560001, India; asma11_isg@jnu.ac.in
9 College of the Environment and Ecology, Xiamen University, Xiamen 361102, China; tonni@xmu.edu.cn
10 Department of Civil Engineering, Indian Institute of Technology Hyderabad, Telangana 502285, India;

phanindra@ce.iith.ac.in
* Correspondence: ram@ees.hokudai.ac.jp; Tel.: +81-011-706-2261

Abstract: The COVID-19 related lockdowns have brought the planet to a standstill. It has severely
shrunk the global economy in the year 2020, including India. The blue economy and especially
the small-scale fisheries sector in India have dwindled due to disruptions in the fish catch, market,
and supply chain. This research presents the applicability of satellite data to monitor the impact of
COVID-19 related lockdown on the Indian fisheries sector. Three harbors namely Mangrol, Veraval,
and Vankbara situated on the north-western coast of India were selected in this study based on
characteristics like harbor’s age, administrative control, and availability of cloud-free satellite images.
To analyze the impact of COVID in the fisheries sector, we utilized high-resolution PlanetScope data
for monitoring and comparison of “area under fishing boats” during the pre-lockdown, lockdown,
and post-lockdown phases. A support vector machine (SVM) classification algorithm was used to
identify the area under the boats. The classification results were complemented with socio-economic
data and ground-level information for understanding the impact of the pandemic on the three sites.
During the peak of the lockdown, it was found that the “area under fishing boats” near the docks
and those parked on the land area increased by 483%, 189%, and 826% at Mangrol, Veraval, and
Vanakbara harbor, respectively. After phase-I of lockdown, the number of parked vessels decreased,
yet those already moved out to the land area were not returned until the south-west monsoon was
over. A quarter of the annual production is estimated to be lost at the three harbors due to lockdown.
Our last observation (September 2020) result shows that regular fishing activity has already been
re-established in all three locations. PlanetScope data with daily revisit time has a higher potential to
be used in the future and can help policymakers in making informed decisions vis-à-vis the fishing
industry during an emergency situation like COVID-19.
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1. Introduction

The novel coronavirus SARS-CoV-2 or, popularly COVID-19 pandemic has largely
limited human activities with multiple lockdowns in several parts of the world. The cumu-
lative loss to global GDP in 2020–2021 due to the pandemic is estimated to be around $9 tril-
lion [1]. Even the sub-continental-sized India restricted its 1.3 billion population through
the first lockdown on 24 March 2020. For India, despite various sustained efforts with
lockdown featuring five different phases, the impact of COVID-19 has shown multi-sectoral
spill-over effects [2,3]. According to the Centre for Monitoring Indian Economy (CMIE),
a research think tank in India, nearly 27 million youth in the age group of 20–30 years
lost their jobs in April 2020. The micro, small, and medium enterprises (MSMEs), as the
second-largest employer after agriculture, involving 110 million workforces, are struggling
to cope with this economic fallout [4]. The Indian economy has already contracted by 8.9%
of GDP, as the businesses are daily losing around $8–16 billion [5,6]. The impact of the
pandemic is also seen in the fisheries sector, which is economically important to India’s
coastal states [7–11].

India has a vast coastline and its maritime states/Union Territory (UT) are the major
contributor to the country’s blue economy [12–14]. The blue economy is the sustainable use
of ocean resources for economic growth, improved livelihoods, and jobs while preserving
the health of the ocean ecosystem [15]. The fisheries sector contributes around 1.03% of
India’s GDP (2017–2018), with the export worth $7.1 billion [16]. The country produces
more than 12 million tonnes of inland and marine fisheries products annually, a third of
which is through the marine route. According to the National Fisheries Development
Board (NFDB) of India, the marine fisheries sector employs (directly and indirectly) more
than 16 million fishing workers and their families in 3477 marine fishing villages across
the seventy coastal districts of the country [13,17–19]. This highlights the importance
of the Indian fishing industry and the coastal regions, both for livelihood and nutrition
perspectives [20–22].

The state of Gujarat with a quarter of India’s coastline contributes a fifth of the
country’s marine fishing production. The key employment opportunities for marine
fishing in the harbor areas can be classified into four segments, viz., traditional/tidal
fisheries workers (small-scale fishing operations), frontline fisheries workers (large-scale
fishing operations), processing works (ice factories, packaging, sorting, etc.), and technical
works (net repairs, crane operations, diesel and machine workshops, batteries and electrical
works, vessel hauling with machines, and wood-based tasks and peripheral works on
information and communication equipment) (Figure 1). Figure 1 illustrates the value-
chain of marine fishing industries. The native fishing communities dominate the first
two segments. While the migrant workers from the other states predominantly feature in
processing and technical works.

Looking at the fish catching processes (Figure 1), the traditional/tidal fishing is only
feasible in the provinces of Gujarat and West Bengal. It is conducted as a boatless operation
during low tides when the water recedes 1000 to 1500 m from the sea-shore. In the state
of Gujarat, tidal fishing constitutes nearly five percent of total volume and its catch is
normally sold in the local markets [23,24]. Usually, fisherfolks living within 10–15 km of
the coasts are involved in this domain [24]. Simultaneously, the frontline fisheries workers
involved in sailing are predominantly from Koli, Kharwar, Vaghevar, and Machhi fishing
communities living near the harbor areas. The marine fishing trips are of two types, viz.,
multiple days (normally two weeks or more) and a single day. The multiple day trips
involve a crew of 8–10 or more members with Tandel (Vessel Captain), other fishermen,
and two cooks [24,25]. Typically, motor fishing vessels (MFV) like trawlers and gillnetter
are used for the multiple-days trip. Trawlers and gillnetters are boats of the same make, the
only difference is on the kind of net used. These types of MFV vessels can do around twenty
trips in a year and are also the machines associated with high capital ($70,000 to $80,000)
and operational–maintenance cost ($10,000 to $12,000 per year) [24]. On the other hand,
a single day trip involves a crew of 2–3 members through Fiber Reinforced Plastic (FRP)
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boats [24,25]. The make of motors installed on FRP decides its nomenclature and price. The
FRP boat can cost somewhere between $3000 to $4000 with an operational-maintenance
lower than $1000 per year [24].
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Initially expecting a shorter duration lockdown due to COVID-19, the fishermen
parked their boats in the harbor areas. This created a huge influx of fishermen and workers
left idle in congested dwellings lacking essential amenities like food, water, and electric-
ity [18,26–28]. After the first lockdown, anticipating a prolonged effect of the pandemic, the
fishermen and the migrant workers left (towards their native places) the harbor townships
by stably parking the boats [29–31]. The Central Government’s exemptions for the fisheries
sector in April 2020, had little bearing [32]. This was because although the restrictions to
do fishing was eased, yet the nation was still under lockdown [24]. The sudden lockdown
eventually pushed the fisheries workers into a vicious cycle of hunger, unemployment, and
debt trap (loans from vessel owners and local business merchants). This makes it prudent
to understand the impact of lockdown on various dimensions of the fisheries sector.

Using the geospatial techniques [33] combined with socio-economic data and other
ground-level information can play a crucial role in highlighting the impact on the fish-
eries sector during the COVID-19 related sudden lockdown. There have been various
applications of remote sensing data in detecting sites for fish-catch [34], habitat identifica-
tion [35,36], fish productivity [37], fishing hot spots [38], and detection of fishing vessels [39].
Yen et al. [36] have used moderate resolution imaging spectroradiometer (MODIS) satellite
data to derive sea surface temperature, chlorophyll-a, sea surface height, and sea surface
salinity to study habitat suitability of yellowfin tuna in the Pacific ocean. Klemas [40]
summarized the advantage of applications of advanced remote sensing techniques in the
fisheries sector, such as (i) help to manage sustainable development of fisheries, (ii) identify
habitats attractive to fish aggregation, and (iii) determine the sensitivity of fish species
to sea surface temperature. These techniques can be deployed in the estimation, near
real-time monitoring, and management of fishing vessels. Moreover, remote-sensing can
help with the identification of appropriate fishing grounds and the control of overfishing.
Collectively these techniques can contribute towards the Sustainable Development Goals
(SDGs#14) by promoting sustainable fishing [11,41,42].

This study aims to monitor the spatio-temporal changes in boat coverage area at
the three harbors in the western state of Gujarat and the UT of Daman and Diu during
the COVID-19 related lockdown. The quantification of the area covered under boats at
the harbors and in its vicinity is conducted using high-resolution PlanetScope data. The
PlanetScope images-based estimates of the area covered by boats are seen in the light of
socio-economic and ground-level data to understand the impact of lockdown on fisheries
and allied sectors at the three sites. The methods and approach in this study can potentially
help the policymakers in designing resilient and sustainable systems for the fishing industry
in response to sudden emergencies (like lockdown) in India or elsewhere.
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2. Materials and Methods
2.1. Study Area

The study area is located in the western part of India in the state of Gujarat and UT of
Daman and Diu, which has a quarter of India’s mainland coastline. Historically all forms of
fishing, viz., marine, estuarine, riverine, and freshwater, are conducted in this region [23].
This study is focused on three harbor areas, i.e., Mangrol and Veraval in Junagadh and
Gir Somnath districts of Gujarat, and Vanakbara in the UT of Daman and Diu (Figure 2).
Figure 2 shows the locations of the study sites in the Gujarat state of India. The selection of
study sites is based on their characteristics and availability of cloud-free satellite images.

The Mangrol and Vanakbara fishing harbors have been recently modernized for large
volumes of vessels, fisheries workers, and their families. The Veraval is one of the oldest
fishing harbors in Gujarat can only accommodate about fifteen thousand fishing fami-
lies [43]. The difference in the antiquity of harbors can also help in gauging the propensity
of new and old harbors towards the imminent challenges. Another differentiating feature
is about administrative control of these harbors. The Vanakbara is under the UT admin-
istration, which is under the aegis of the central government, and the other two are with
the provincial government of Gujarat. Varying administrative control also influences the
operational performance of these harbors [24].
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2.2. Remote Sensing Data

This research used 24 PlanetScope images covering the study area in eight times-
pans, corresponding to lockdown phases, as listed in Table 1 and shown in Appendix A
(Figures A1–A3). The images were downloaded from the https://www.planet.com/. Plan-
etScope images are multispectral data comprising of 4-bands in the visible-infrared electro-
magnetic spectrum. The advantage of Planet constellation satellite over other imageries
is that they can capture the same location daily with 3-meter pixel size along with 16-bit
radiometric resolution [44,45]. The movement of fishing boats in the harbors during the
pre-lockdown, lockdown and post-lockdown periods was monitored with the help of

https://www.planet.com/
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Planet images. Table 1 provides details about the acquisition dates of images during the
different phases of lockdown. The images in unlock 2.0 (1 to 31 July 2020) and 3.0 (1 to 31
August 2020) stages were not included due to the absence of cloud-free images during this
time. All the downloaded images are in the ortho-rectified surface reflectance (SR) level
after being corrected using 6SV2.1 radiative transfer code and MODIS NRT data by the
provider. The images were acquired between 0900 and 1140 Indian Standard Time (IST).
Fisherfolks in Gujarat mostly used mechanized boats, where fishing trips can last between
two to three weeks [29]. Hence this study assumes that the more vessels docked in the
harbor area indicate lesser fishing activity, regardless of the image acquisition time.

Table 1. List of PlanetScope images used in this study.

Lockdown Stage Acquisition date

Mangrol Veraval Vanakbara

Pre-lockdown 20 March 2020 20 March 2020 17 March 2020
Phase I 30 March 2020 28 March 2020 28 March 2020
Phase I 16 April 2020 14 April 2020 14 April 2020
Phase II 3 May 2020 3 May 2020 2 May 2020
Phase III 16 May 2020 17 May 2020 16 May 2020
Phase IV 30 May 2020 29 May 2020 26 May 2020

Unlock 1.0 11 June 2020 18 June 2020 11 June 2020
Unlock 4.0 4 September 2020 3 September 2020 7 September 2020

2.3. Methods

The use of high-resolution satellite data to pinpoint individual vessels in the open sea
is well researched and commonly applied technique. This involves approaches based on
the threshold, salient, shape and texture, statistics, transfer domain, computer vision, and
deep learning methods [46]. Many studies detected inshore vessels using very high resolu-
tion (<1 m spatial resolution) satellite data for precise extraction of the objects [39,47–50].
Currently, the majority (over 98%) of registered boats at the three harbors are motor fishing
vessels (MFV) and fiber-reinforced plastic (FRP) [29]. Generally, an MFV and FRP boat
measures around 17 to 18 m and 9 to 10 m, respectively [25,29,31,51]. Figure A4 shows
the pictures of boats parked from the study area (Figure A4a–d). Detection of individual
boats/vessels in the harbor area is relatively difficult due to the high similarity of tone
and texture between vessels and the sandy surfaces [47]. Individual boats counting could
not be accommodated using 3-m PlanetScope data in this study. Figure A1c shows the
zoomed image of PlanetScope data and it was difficult to identify individual boats using
visual interpretation. Therefore, this study is focused on identifying the changes in the area
covered under the fishing boats/vessels.

The classification procedure is divided into two parts: (i) the identification of the area
of boats in the sea, and (ii) on the land area. The sea area consists of boats that are docked
in the harbor and its vicinity area. While the land area is for boats that are moved out of
the water and parked in the boat parking area. For the sea area procedure, the sea-land
separation was conducted as the first basic workflow in boat detection [46]. The land
area was digitized manually by using high-resolution imagery and used as the land mask.
Further, image classification was used to detect the areas covered by fishing boats near
harbors. The multispectral classification was applied to distinguish boats from other classes
by using the support vector machine (SVM) method in ENVI software. SVM algorithm is
the most common classification method applied by previous studies in ship detection [46].
We used four multispectral bands of PlanetScope data and NDWI (Normalized Difference
Water Index) images to enhance the water object [52]. The NDWI values were calculated
using the following equation [53]:

NDWI =
RGreen − RNIR
RGreen + RNIR

(1)
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where, RGreen and, RNIR denote reflectance value of green and near-infrared band, respec-
tively. In the SVM classification, the radial basis function (RBF) was selected for the kernel
type parameter with the gamma value of 0.2 based on the number of bands used. The boat
detection on the land area was carried out by visual interpretation of PlanetScope data.
This is because of errors introduced while applying the same multispectral classification
due to the spectral signature of vessels/boats being relatively similar to sandy beaches and
the settlement area.

The accuracy assessment was conducted by delineating the fishing boat objects on
the very-high-resolution image, Google Earth image, as one of the reference data used
in remote sensing-based thematic mapping [54]. The images are provided by Maxar
Technologies based on very high spatial resolution satellite imagery and presented in
30-cm pixel size [55]. This method substitutes in situ measurement as reference data during
the lockdown state. The Google Earth images are only available for 14 May 2020 in Mangrol
and 28 May 2020 in Veraval sites. The first mentioned image was used to validate the
classification of 16 May 2020 at Mangrol harbor. Similarly, the image of 28 May 2020
was used to validate the classification results at Veraval harbor dated 29 May 2020. The
validation was not performed at Vanakbara harbor because Google Earth images were
unavailable during the monitoring period.

Our validation used the area-based accuracy assessment considering the correctness
and completeness of classified objects [56]. Correctness is defined as the percentage of
extracted objects that are correctly classified. In contrast, completeness is the percentage of
objects in the real world (reference data). These are explained by the extracted objects, and
overall quality refers to a percentage of matched objects among the total objects in both
classification results and reference data [56]. This assessment is focused on the particular
object; hence, it is suitably used in this study which aims to identify only the boat as an
object. Adopting the methods by Whiteside et al. [57] and Kamal, et al. [58], circular buffers
were used for each validation site with a radius of 30 m.

Apart from the vessel detection methods, the image results were analysed in the light
of primary ground-level information received through personal interviews of office bearers
of the national fisheries workers forum (NFF) of India and other publicly available socio-
economic data like annual production, vessels registered, people working and staying at
the harbor, basic living conditions, etc. Date wise communication strategies (by NFF) and
various public notifications/orders by Central and the State Governments were also taken
into account.

3. Results

The SVM classification algorithm was applied to PlanetScope data to obtain the
classified maps of the area covered under the boats. The higher spatiotemporal resolution
of the PlanetScope constellation satellite enables capturing the vital changes on land
features [59]. The high-resolution satellite data can be used as a proxy to represent the real
condition in the study area. It is because the collection of field data was not possible during
the lockdown. The fishing boats delineated through visual analysis of high-resolution
Google Earth image was used as the reference data to validate the outcome of PlanetScope
based classification results.

Figures 3–5 depict the results of the area under boats at Mangrol, Veraval, and
Vanakbara harbors, during the pre-lockdown, lockdown (phase I–IV), and unlocking
(unlock 1.0 and 4.0) phases, respectively. Generally, under normal operations, the fisheries
workers temporarily park their vessels within 3–5 km vicinity of the harbor. However,
due to the suspension of all fishing and related activities during the lockdown phase, a
sudden increment in the area under boats is witnessed in these images. Figure 6 illustrates
time-series trends in the area under boats during different lockdown phases at the three
sites.
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At Mangrol, during the pre-lockdown period (on 20 March 2020), the total area covered
under the boats was 2.77 ha (Figures 3a and 6). However, anticipating the uncertainty
during the pandemic and successive extensions of the lockdown, the fisheries workers
preferred safer and long-term parking near the land area. Consequently, the area under
boats at Mangrol harbor rose sharply during the lockdown phases from 7.05 ha (30 March
2020) to 13.40 ha (16 April 2020), respectively. This slightly decreased to 13.19 ha only after
the relaxation of lockdown (at the end of phase-III).

At Veraval harbor (Figure 4a) the total area covered under the boats was 12.92 ha in
the pre-lockdown stage (20 March 2020). It increased to 23.79 ha during the first phase
of lockdown (28 March 2020). As reflected in Figure 4b, the harbor was overwhelmed
by anchored boats after the sudden lockdown. Consequently, the boats parked on land
increased significantly in the following period (Figure 4c,d). The ground information
provided by fishermen confirms this nature of vessels parked on the land as well as sea
area in the vicinity of the harbors. Figure 4e, shows a decrease in the boats covered area to
19.44 ha at the end of lockdown Phase-III (17 May 2020).



Remote Sens. 2021, 13, 183 10 of 20

Remote Sens. 2020, 12, x FOR PEER REVIEW  0 of 21 

The area covered under boats at the Vanakbara harbor shows a different trend when 
compared to Mangrol and Veraval. The area of boats anchored at the Vanakbara harbor 
in the pre-lockdown stage is only 1.27 ha (Figure 5a). This increased drastically to 10.49 
ha at the beginning of the lockdown phase-I (Figure 5b). However, the boats parked on 
the land area were not observed in Vanakbara harbor during Phase-III (Figure 5b–d). This 
is due to its location in the river estuary, and the Vanakbara port has ample temporary 
parking space available in its vicinity. Contrarily, fishermen in Mangrol and Veraval 
started to park their vessels on the land area just after the lockdown was announced be-
cause of limited capacity at these harbors [60]. At Vanakbara, by 14 April 2020, the area 
under boats decreased slightly to 9.93 ha (Figure 5c). It was only by phase III, like the other 
two harbors, the fishermen at Vanakbara (on 16 May 2020) also started moving their boats 
to the stable land surfaces (Figure 5e), even though the vicinity area was enough to ac-
commodate the vessels. Overall, the area covered by fishing boats in the sea area de-
creased after phase-I for all three sites (Figure 6). 

 
Figure 6. The area of boats detected by image classification in the sea and land area. 

During the unlock 4.0 stage, the areas covered by boats in all three harbors decreased 
significantly, especially from the land parking area. In Mangrol, the boats parked on the 
land decreased 76% from our previous observation date (11 June 2020). Similarly, in Ver-
aval, there is a decrease of 77% of boats covered area that is located on the land (Figure 6). 
By 7 September 2020, significantly lesser areas (only 0.33 ha) were witnessed under 
docked boats in the Vanakbara harbor (Figure 6). Due to the south-west monsoon (1 June 
to 31 July) season fishing restrictions by the Government, the fishing workers who had 
resumed their activities after phase-II lockdown relaxations had to return to their harbors. 
It is a periodic restriction imposed every year to enable fish spawning during the mon-
soon. This also increased the number of boats parked at the harbor areas [61,62]. For in-
stance, the rise in parked vessels at the Veraval (18 June 2020, Figure 4g) is also due to this 
reason. 

For accuracy assessment, a total of six and five sample areas were selected randomly 
in Mangrol and Veraval harbors, respectively (Figure 7a,b). Although the Google Earth 
image acquired at Veraval was hazy, it is possible to interpret boat objects from the image. 
Only the boats located on the land area were considered for accuracy assessment to avoid 

Figure 6. The area of boats detected by image classification in the sea and land area.

Both Mangrol and Veraval have limited parking spaces on the seaside. Due to this,
the total area under boats varied over the observation dates. Initially (phase-I), the parked
boats on the land area rose exponentially, until the unlock 1.0 stage. Thereafter, in the
following phases, a gradual increase was observed. The paucity of space at Mangrol and
Veraval also interferes with the maintenance schedule of the vessels [24]. If the space issues
are not addressed, it can limit the operational performance of the fishing fleets from these
harbors.

The area covered under boats at the Vanakbara harbor shows a different trend when
compared to Mangrol and Veraval. The area of boats anchored at the Vanakbara harbor in
the pre-lockdown stage is only 1.27 ha (Figure 5a). This increased drastically to 10.49 ha
at the beginning of the lockdown phase-I (Figure 5b). However, the boats parked on the
land area were not observed in Vanakbara harbor during Phase-III (Figure 5b–d). This
is due to its location in the river estuary, and the Vanakbara port has ample temporary
parking space available in its vicinity. Contrarily, fishermen in Mangrol and Veraval started
to park their vessels on the land area just after the lockdown was announced because of
limited capacity at these harbors [60]. At Vanakbara, by 14 April 2020, the area under boats
decreased slightly to 9.93 ha (Figure 5c). It was only by phase III, like the other two harbors,
the fishermen at Vanakbara (on 16 May 2020) also started moving their boats to the stable
land surfaces (Figure 5e), even though the vicinity area was enough to accommodate the
vessels. Overall, the area covered by fishing boats in the sea area decreased after phase-I
for all three sites (Figure 6).

During the unlock 4.0 stage, the areas covered by boats in all three harbors decreased
significantly, especially from the land parking area. In Mangrol, the boats parked on the
land decreased 76% from our previous observation date (11 June 2020). Similarly, in Veraval,
there is a decrease of 77% of boats covered area that is located on the land (Figure 6). By
7 September 2020, significantly lesser areas (only 0.33 ha) were witnessed under docked
boats in the Vanakbara harbor (Figure 6). Due to the south-west monsoon (1 June to 31
July) season fishing restrictions by the Government, the fishing workers who had resumed
their activities after phase-II lockdown relaxations had to return to their harbors. It is a
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periodic restriction imposed every year to enable fish spawning during the monsoon. This
also increased the number of boats parked at the harbor areas [61,62]. For instance, the rise
in parked vessels at the Veraval (18 June 2020, Figure 4g) is also due to this reason.

For accuracy assessment, a total of six and five sample areas were selected randomly in
Mangrol and Veraval harbors, respectively (Figure 7a,b). Although the Google Earth image
acquired at Veraval was hazy, it is possible to interpret boat objects from the image. Only
the boats located on the land area were considered for accuracy assessment to avoid the
difference of a few days in image acquisition by PlanetScope and Google Earth images. The
boats located in the sea might move within a few days gap of image acquisition. Figure 7c,d
shows the comparison of the area covered under the boats based on the classification
of PlanetScope and high-resolution Google Earth images. These results elucidate that
the classified boat area (yellow colour) is underestimated as compared to reference data
(cyan colour) at both sites (Figure 7c,d). The underestimation is due to the lower spatial
resolution (3 m) of PlanetScope data, which contains ambiguous mixed pixels leading to
the unclassified objects in some areas. The overclassified area also appears particularly in
the gap between the boats; however, this is less than the underestimation.
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The framework of area-based accuracy assessment generated the value of correctness,
completeness, and overall quality of the validation results, as shown in Figure 8. Our
results produced a high consistency of obtained results as compared with the reference data
indicated by more than 88% of correctness, yet the completeness is lower than correctness
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(83.53% and 80.49%), explaining the underestimated results by PlanetScope data. The
overall quality values in both Mangrol and Veraval are 78.60% and 73.14%, respectively.
Although the overall quality is below 80%, all parameters (correctness, completeness, and
overall quality) show a consistent pattern among the harbors. Based on this assessment,
we assumed that the other classification results might produce similar accuracy.

Synergistic use of remote sensing-based results with socio-economic and ground-level
data can help in understanding the structural issues at the three harbors. For instance,
looking at the percentage change in area covered under the parked boats along with the
statistical data like the total number of fisheries workers, fishing cycles, registered boats,
and annual production can provide a better understanding of the micro-level impact of
lockdown on different actors at these harbors. A generalization of these results to other
harbors can also help in gauging the macro-level impact on the fisheries sector in India.
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4. Discussion

The marine fishing industry in the western parts of India operates in full swing for
around nine months from September to May every year. Annually, the fishing communities
in this region cease their sailing operations in concordance with government regulations
and the southwest monsoon (June–August), considering the fish-hatching season and
inclement weather. Hence, shutting down the sailing operations for ten to twelve weeks is
something with which the fishing communities and associated actors at these harbors are
familiar. Usually, during this period the fishing communities engage themselves in the tasks
like scheduled maintenance of vessels (Figure A4e,f) as well as pursuing family activities
like marriage, visiting relatives, and construction/repair of houses [24]. Except sailing,
other tasks, and economic activities at the harbor area function without any hindrances.
However, the COVID-19 specific lockdown intensified the dormant challenges to the
working class and harbor infrastructure.

The results from spatio-temporal analysis indicate that the regular fishing activities
came to a stand-still for almost ten weeks (between March to May 2020). The fishing
operations further continued to be impeded for another three months (June to August) due
to the monsoon restrictions. During this period, the number of boats parked at all three
harbors swelled. Despite the lockdown relaxations (after 11 April 2020) for the fisheries
sectors, the area covered with boats was still higher in comparison to the pre-lockdown
stages. According to the ground sources [24], in comparison to the previous financial year
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(FY), although the number of fishing and other workers along with MFV and FRP boats
rose at these harbors, the overall fish and prawn’s production declined by a quarter during
the financial year 2020–21 at the three harbors (Table A1).

Nearly, 11,600, 25,650, and 8855 fishermen; and 2100, 16,100, and 4794 other workers
are engaged at the Mangrol, Veraval, and Vanakbara harbors, respectively (Table A1).
The monthly income of the fisheries and other technical workers ranges around $300–500
and $150–200, respectively [24]. Since many MFV vessel merchants are also badly hit
due to high capital and operational–maintenance expenses, the impact is seen on wage
reductions for all sections of working classes [24,25]. The non-operation of vessels for
such a long period has pushed these fishermen and other workers into the vicious cycle
of unemployment and debt burden [24,63]. In the future, the synergistic use of geospatial
techniques with grassroots information can be a credible input for harbor administrators.
Through this method, the actors responsible for harbor management at 1265 fish landing
sites in India can also look for an immediate assessment of the challenges and award relief
packages and contingencies during any disaster or uncertain event [64].

Another observation was that the design and administrative control of the harbor also
influenced its operation during the lockdown. Vanakbara harbor, which is newly recon-
structed and comes under the central government’s jurisdiction, had shown better parking
arrangements and smooth revival of business in the post-lock down scenario. Furthermore,
Vanakbara was more sparsely populated with a lesser number of registered vessels than
Mangrol and Veraval. The high concentration of workers and registered boats with a lack of
temporary parking avenues at Mangrol and Veraval is an indicator of over-stressed infras-
tructure. For instance, the Veraval harbor is designed for 15,000 families, but the number of
fisheries and other workers alone is more than 41,000 (Table A1) [43]. Interestingly, despite
the recent modernization of Mangrol harbor, its infrastructure could not efficiently handle
the lockdown pressure. The authorities responsible for the modernization programs need
to address these issues.

At the macro-economic level, around a quarter of production has reportedly been lost
during the lockdown (Table A1). However, the psycho-social effect due to unemployment
and debt burden can have a serious and long-term impact on the fisheries workers associ-
ated with the three harbors [24,63]. If not corrected, similar emergencies in the future might
have severe consequences for these or other harbors with resembling conditions in the
country. In the future, the inferences from the conditions generated from sudden lockdown,
if combined with geospatial analysis can help in planning or rejuvenating the infrastructure,
relocation strategies, harbor extension, creation of new parking bays, and provisions for
basic facilities like housing, water, electricity, etc. The information derived from this study
can be useful in the planning and evacuation strategies, as well as socio-economic impact
assessment.

The high-resolution satellite data-based information can be an excellent decision-
making tool. PlanetScope data has played an important role in this study with a daily revisit
cycle, which is typically higher than other optical satellite data. Detection of individual
vessels using very high-resolution images might provide more useful information. Aerial
images captured by unmanned aerial vehicles (UAV) with the flexibility of acquisition
can be used for the detection of individual vessels [65,66]. However, the deployment is
practically impossible during the lockdown situation. Very-high-resolution satellite data,
such as Worldview and Pleiades, are costly to cover multi-temporal data for several sites.

As a limitation of this study, our method is not capable of counting the individual
vessels using PlanetScope data. Moreover, the ambiguity lies in the regions where the boats
were parked inland since the spectral reflectance of vessels is quite similar to sandy coastal
areas. Future studies should also investigate the detection of individual fishing vessels
using 3-m PlanetScope data, as many previous studies have already successfully applied it
on very high spatial resolution images (<1 m) [46]. The use of deep learning algorithms
can provide a better estimation of individual vessel detection.
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5. Conclusions

This work reveals that the fisheries activity in India was severely affected during the
state of nationwide lockdown. The COVID-19 specific lockdown leaves fisheries workers
stranded from sailing and operational tasks. By monitoring the temporal changes in the
area covered under the boats during pre-lockdown, lockdown, and post-lockdown phases
in the study area using high-resolution PlanetScope imagery, we showed the utility of
remote sensing technology as a tool for tracking COVID impacts in the fisheries sector.
PlanetScope data having 3 m resolution and daily revisit capability enables near real-time
monitoring of area under the interest with high chances of cloud-free image acquisition as
compared to other optical satellite data. The supervised machine learning classification
results show the temporal pattern of the area covered by boats in sea and land. During the
peak of the lockdown, the area covered by boats has increased by 483%, 189%, and 826%
at Mangrol, Veraval, and Vanakbara harbors, respectively. After phase-I of lockdown, the
number of parked vessels decreased, yet those parked on land-surface were not returning
until the south-west monsoon was over. This suppressed the production by a quarter at
the three harbors, if compared to the previous year. At last, PlanetScope data, as well as
personal interviews with stakeholders, confirmed that after the departure of the south-west
monsoon, the fishing activity is slowly gaining normalcy. The study demonstrates how
geospatial technology can be utilized for monitoring the activities of the fishing industry
during an emergency state like lockdown. The concept can be used as a tool for planning
and decision-making for fisheries and other sectors in similar or comparable situations. The
information can be more useful by identifying individual boats using other high-resolution
satellite or UAV data in the future.

Author Contributions: Conceptualization, R.A. and D.S.; methodology, R.A., A.P.Y., D.A.U., P.M.
and K.B.V.N.P.; software, R.A., A.P.Y., D.A.U., P.M. and K.B.V.N.P.; validation, R.A., D.S. and DAU;
formal analysis, R.A., P.M. and A.P.Y.; resources, R.A.; writing—original draft preparation, R.A.,
D.S., D.A.U., A.P.Y., P.M. and P.N.D.; writing—review and editing, R.A., D.S., D.A.U., A.P.Y., P.M.,
P.N.D., A.K., K.B.V.N.P. and T.A.K. All authors have read and agreed to the published version of the
manuscript.

Funding: The publication fee was supported by Publication Support Grants of Hokkaido University,
Japan.

Data Availability Statement: The datasets generated in the current study are available from the
corresponding author on request.

Acknowledgments: The authors are thankful to Planet Labs and Google Earth for providing Plan-
etScope satellite data and Google Earth images, respectively. We would also like to thank T. Peter
and Usmangani Sherasiya from India’s National Fish workers Forum (NFF) for their valuable time
for personal interviews, which helped to enrich this research with inputs from the grassroots level.
We would like to thank Manish Thavar for data gathering and pictures of the harbors. This work was
supported by the Office for Developing Future Research Leaders (L-Station) and SOUSEI Support
Program for Young Researcher Hokkaido University and Hirose Foundation Japan.

Conflicts of Interest: The authors declare no conflict of interest.



Remote Sens. 2021, 13, 183 15 of 20

Appendix A

Table A1. Comparison of economic activities at the three harbors for FY 2018–2019 and 2019–2020.

Particulars
Mangrol Veraval Vanakbara

2018–2019 2019–2020 2018–2019 2019–2020 2018–2019 2019–2020

Annual Fish and Prawns
Catch (Metric Tonnes) 40.45 41.31 234.15 238.64 41.57 42.01

Number of Fisheries
Workers 11,300 11,600 22,570 25,650 8570 8855

Number of Technical and
Processing Workers 2000 2100 14,700 16,100 4566 4794

MFV Boats
(Trawlers/Gillnetter) 1459 1497 3059 3097 1260 1275

FRP Boats (IBM/OBM) 725 775 875 908 145 153

(Source: Compiled by the Authors from the data received from Fishermen Associations at respective Harbors).
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