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Abstract. The need for information on potential fishing zones based on remote sensing satellite data
(ZPP]) in coastal waters is increasing. This study aims to create an information model of such zones in
coastal waters (coastal ZPPI). The image data used include GHRSST, SNPP-VIIRS and MODIS-Aqua
images acquired from September 1st-30th, 2018 and September 1st-30th, 2019, together with other
supporting data. The coastal ZPPI information is based on the results of thermal front SST detection
and overlaying this with chlorophyll-a. The method of determining the thermal front sea surface
temperature (SST) used Single Image Edge Detection (SIED). The chlorophyll-a range used was in the
mesotropic area (0.2-0.5 mg/ma3). Coastal ZPPI coordinates were determined using the polygon centre
of mass, while the coastal ZPPI information generated was only for coastal areas with a radius of
between 4-12 nautical miles and was divided into two criteria, namely High Potential (HP) and Low
Potential (LP). The results show that the coastal ZPPI models were suitable to determine fishing
locations around Nias Island. The percentage of coastal ZPPI information generated was around 90%
information monthly. In September 2018, 27 days of information were produced, consisting of 11 HP
sets of coastal ZPPI information and 16 sets of LP information, while in September 2019 it was
possible to produce 29 days of such information, comprising 11 sets of HP coastal ZPPI information
and 18 LP sets. The use of SST parameters of GHRSST images and the addition of chlorophyll-a
parameters to MODIS-Aqua images are very effective and efficient ways of supporting the provision of

coastal ZPPI information in the waters of Nias Island and its surroundings.

Keywords: Potential Fishing Zones, Coastal ZPPI, GHRSST, Single Image Edge Detection (SIED), Nias
Island
1 INTRODUCTION data from the annual report of the

Maritime  Affairs and

Indonesia is a country that has a
larger water area than land area. The
International Convention of the Law of
the Sea 1982 states that the total area of
Indonesian waters is 5.9 million km?2
consisting of 3.2 million km?2 of territorial
waters and 2.7 million km?2 of Exclusive
Economic Zone (EEZ) waters (Lasabuda,
2013). The total area of these waters
shows that 2/3 of Indonesian territory is
water, with the remainder being land.
The waters of Indonesia have a very high
potential for fish resources. Based on

http://dx.doi.org/10.30536/].ijreses.2020.v17.a3298

Ministry  of
Fisheries (KKP) of 2017, Indonesian
fisheries production amounted to 6.99
million tons in 2017. In order to support
the increase in the level of fishing, the
National Institute of Aeronautics and
Space (LAPAN) remains committed to
provide fishing area information based
on remote sensing satellite imagery data,
known as potential fishing zones (ZPPI)
(Hasyim, 2015). The ZPPI information
produced by LAPAN is currently used by
Indonesia.
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Distribution of the ZPPI information is
made using an android application, a
website and e-mail to both central and
the private
enterprises

local government users,

sector, state-owned and
other stakeholders.

The current ZPPI information does
not include waters under 12 nautical
miles from the coastline due to various
considerations, including the avoidance
of the fishing activities of large vessels
(loading capacity above 30 GT) fishing in
coastal waters (under 12 nautical miles
from the coastline) and to provide
flexibility for small/traditional fishermen
(loading capacity
below 30 GT) in fishing activities in

with small vessels

coastal areas. In addition, if fishermen
with small boats fish in the open sea
(above 12 miles), this greatly
endanger their safety. Based on data of
the Ministry of Maritime Affairs and
Fisheries (2008), cited in Retnowati
(2011), the number of Indonesian
fishermen in in 2009 was 2,752,490,
with a total number of boats of 596,230;
90% of the fishermen were small-scale.
Therefore, it is necessary to develop ZPPI
information related to waters within 12

will

nautical miles of the coastline which is

specifically intended for small or

traditional fishermen.
Along with the rapid development

of science and technology, remote
sensing technology can be optimised for
the detection of oceanographic

parameters, including the determination
of potential fishing zones. Oceanographic
conditions can be used as an indicator of
the presence of fish, as a cold water
mass rich in nutrients is suitable for the
presence of fish (Balaguru,
Ramakrishnan, Vidhya & Thanabalan,
2014). Purwanto et al. (2012) conducted
a study of sea surface temperatures in
the Western Java Sea using NOAA and
MODIS satellite imagery. In addition,

et (2018) conducted
related information on
potential fishing zones based on SNPP-
VIIRS and Himawari 8 imagery. Sea
temperature and chlorophyll

Marpaung al.

research to

surface

concentration can be measured to
determine
models using MODIS data (Suwargana et
al., 2004). Hamzah et al. (2016) used the
polygon method
determine the coordinates of potential

fishing zones.

fishing ground prediction

mass centre to
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Figure 1-1: Food chain in the sea (Pauly & Christensen, 1993)
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Figure 1-1 shows the food chain
process in waters where the chlorophyll-
a parameter plays an important role.
Using satellite imagery, Zainuddin et al.
(2006)
relationship between albacore tuna fish
catches and the
chlorophyll-a, with its wvalue in the
highest
northwestern North Pacific being in the
range of 0.2-0.4 mg/ms3. Another study
conducted by Zainuddin (2011) showed
the highest number of skipjack tuna
catches in Bone Bay was in areas with
chlorophyll concentrations of between
0.1-0.4 mg/m3. In addition, the results
of a study conducted by Nurdin et al.
(2017) also showed that the highest
concentration of rastrelliger kanagurta
catches in Spermonde Islands waters
was at a concentration of chlorophyll-a
of between 0.2-05 mg/m3.

The results of the evaluation of

found that there was a
concentration of

catchment area in the

socialisation activities and focus group
discussions with the local government,
private sector and the fishing community
show that the requirements for potential
fishing
increasing, one of these being for

zones in coastal areas is
fishermen in Nias Island waters. The
large sea area and diverse types of fish
with a sufficiently high market value
indicate that the Nias region has great
potential for marine fisheries (Zebua et
al., 2014). Based on data from the North
Nias Regency Fisheries Office, catches by
fishermen in the area in the period 2000-
2018 were dominated by tuna and
cakalang. In addition, the fishing boats
in the area were dominated by small
vessels with a loading capacity of 0.5-1
GT, with fishing operations carried out
over a relatively short period of time,
commonly known as one day fishing
activity. This type of fishing operation
takes place within a range fairly close to
the coast and is usually done on a daily

Analysis of Potential Fishing Zones...

basis; that is, leaving in the morning and
returning in the afternoon, or leaving in
the afternoon and returning in the
morning.

The aim of this study is to create a
model of potential fishing zones in the
coastal waters of Nias Island (coastal
ZPPI) based on remote sensing satellite
imagery. It is hoped that the availability
of such information will help and
facilitate fishing activities, especially for
traditional or small fishermen, and
support the increase in the volume of
fish catches, thus improving the welfare
of fishermen in the area.

2 MATERIALS AND METHODOLOGY
2.1 Location and Data

This research was located in the
western waters of Indonesia, specifically
around Nias Island, with the coordinates
3 ON-0.9 0S and 95.8-99.2 OE. This area
was chosen chosen to represent open sea
waters directly facing the Indian Ocean,
but also with closed waters on the
eastern side. The research location is
bordered by the Indian Ocean to the
west, north and south, while to the east
it is bordered by Sumatra Island. The
waters have steep coastal depths. Figure
2-1 shows the location.

= i 3 e Wz

Figure 2-1: Map of the research area
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The image data used were low
resolution satellite imagery, including
Visible/Infrared Imager Radiometer Suite
(SNPP-VIIRS) Level 2 with a spatial
resolution of 750 meters and Group for
High Resolution Sea Surface
Temperature (GHRSST) Level 4, with a
spatial resolution of 1 kilometer, which
was used to extract daily sea surface
temperatures. SNPP-VIIRS images were
obtained from the LAPAN Pustekdata
catalog website (modis-
catalog.lapan.go.id), while the GHRSST
image data were obtained from the NASA
website (http:/ /podaac.jpl.nasa.gov/).
Paena et al. (2015) explain that GHRSST
images are the result of interpolation

from several data sensors, namely
microwave (Advanced Microwave
Scanning Radiometer-AMSR and

Tropical Rainfall Measuring Mission
Microwave Imager-TMI) and infrared
(Moderate Resolution Imaging
Spectroradiometer-MODIS). The use of
the GHRSST images is expected to be
able to cover the lack of current potential
fishing zone information, which has been
one of the  obstacles to the
operationalisation of ZPPI in LAPAN.
Other image data used were MODIS
Aqua imagery Level 2, with a spatial
resolution of 1 kilometer, used to extract
daily and eight daily chlorophyll-a, which
was obtained from NASA's Ocean Color
website
(https://oceancolor.gsfc.nasa.gov).

The three types of image data used
were acquired in September 2018 and
September 2019. The time of image
selection was adjusted to the time of field
data retrieval, which was conducted
twice, namely in September 2018 and
September 2019. Two types of field
measurement data were employed:
oceanographic measurement data and
interviews with coastal fishermen in
North Nias and Gunungsitoli about
fishing operations (fishing locations, fish

catches, number of
personnel, fishing gear, etc). Other
supporting data used were Nias Island
administrative boundaries, Gebco water
depth data, grid vector data size of 1
nautical mile, and buffer area data of 4

and 12 nautical miles.

fishing time,

2.2 Methods
Sea surface temperature and
chlorophyll-a data were used as the
main parameters in the determination of
coastal ZPPI information. These were
downloaded in netcdf (.nc) format, so it
was necessary to convert them into
geotiff format wusing Seadas 7.5.1
software to make further processing
easier using other image processing
software. stages of
determining coastal ZPPI information
include determining the thermal front of
sea surface temperature using the Single
Image Edge Detection (SIED) method,;
determining the value of chlorophyll-a in
the mesotropic area (0.2-0.5 mg/m3); an
overlay process between the thermal
front and

Generally, the

chlorophyll-a (mesotropic
area); grouping the overlay results into
grid sizes of 1 nautical mile; and
determining coastal ZPPI coordinates
using the polygon mass centre method.
The thermal front parameters were
obtained from daily SST data from
GHRSST and SNPP-VIIRS

imagery. Thermal front detection was

satellite

conducted in several stages, including
selection of SST channels (specifically
SNPP-VIIRS); geometric and atmospheric
corrections; data selection based on
recording time; cropping image data
based on area of interest (AOI); and
thermal front detection using the SIED
algorithm (Cayula & Cornillon, 1992).
Jatisworo and Murdianto (2013),
Hamzah et al. (2014) and Hanintyo et al.
(2015) have also employed the SIED
algorithm in Indonesian waters using a

threshold parameter of 0.5 0C.
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Figure 2-2: Detection Flow Chart of Thermal Front and Chlorophyll-a

information

was mg/m3. The flow diagram of this study is

obtained from MODIS Aqua images, with
stages including chlorophyll-a channel
selection, geometric and atmospheric
corrections, data selection based on
recording time and concentrations in the
range of 0.2-0.5 mg/m3, and cropping
image data based on AOI. A range of
chlorophyll values of 0.2-0.5 mg/m3 was
used, in line with Nurdin et al. (2017),
who explain that pelagic fishing is
dominated by chlorophyll concentration.
Reclassification was  performed to
separate chlorophyll-a from the existing
day unit, with a class length of 0.05

shown in Figure 2-2, relating to the
detection of thermal front parameters
and chlorophyll-a, while Figure 2-3
shows the stages of determining coastal
ZPPI  points.Determination of the
coordinates of coastal ZPPI starts with
the conversion of raster data to polygons,
removal of small polygons, polygon
smoothing, determination of areas
containing a fishnet grid size of 1
nautical miles, determination of the
midpoint of each polygon, and extraction
of the midpoint coordinate values of each

polygon.
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Figure 2-3: Determination Flow Chart of Coastal ZPPI Point

The ZPPI
information is divided into two criteria,
high potential (HP) and low potential
(LP), as shown in Table 2-1. A coastal
ZPPI with HP criteria is obtained from
the
temperature parameters and chlorophyll-

resulting coastal

overlay between sea surface
a, while coastal ZPPI with LP criteria are
obtained from only one of the parameters
of sea surface temperature or
chlorophyll-a. HP ZPPI

information has tended to be of higher

coastal

potential than that in the LP category

because it is strengthened by the

presence of two main parameters,
namely the thermal front and
chlorophyll-a. Angraeni et al. (2014)

explain that there is a tendency for a
relationship between thermal fronts and
A thermal
front is defined as a meeting area of two
that different
temperature characteristics (Hanintyo et
al.,, 2015)
indicator

(Simbolon et al.,

large pelagic fish catches.

water masses have
and can be used as an
of potential

2013).

fishing areas
In addition,

Simbolon et al. (2009) also explain that
the chlorophyll-a parameter plays a role
as a primary producer in marine
ecosystems and can also be used in

estimating fishing grounds.

Table 2-1: Coastal ZPPI Criteria

Coastal
ZPPI
Criteria

Parameter

Thermal
Front

Chlorophyll -a

High
Potential
(HP)
Low
4 Potential

(LP)
Low

v Potential
(LP)

v v

To establish the quality of the
resulting spatial model, it is necessary to
compare it with the actual conditions in
the field fishing areas,
especially in the coastal waters of Nias
Island. In this study, a qualitative
suitability test was conducted. The
ZPPI

related to

resulting coastal model was
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matched with data on fishing locations
around the island. Fishing location data
were obtained from interviews with
several fishermen in North Nias District
and Gunung Sitoli City.

3 RESULTS AND DISCUSSION
3.1 Extraction of Sea
Temperature and Chlorophyll-a
The main imagery data used for the
extraction of sea surface temperature
information were GHRSST images, while
extraction of chlorophyll-a information

Surface

was from MODIS Aqua imagery. Sea
surface temperature information from
the SNPP VIIRS imagery was used to
provide data which was lacking and
complete the SST thermal front
information from the GHRSST satellite
imagery. The use of such imagery is very
effective in supporting the provision of
sea surface temperature information in

Analysis of Potential Fishing Zones...

the waters around Nias Island. Almost
all of SST information is produced
completely in September 2018 and
September 2019. In September 2018,
the thermal front information generated
included 21 days from the GHRSST
images and 4 days from the SNPP-VIIRS
images, while the chlorophyll-a
(mesotropic area) information produced
covered 15 days. In September 2019,
thermal front information was generated
for 29 days from the GHRSST imagery
and 6 days from the SNPP-VIIRS
imagery, while the  chlorophyll-a
(mesotropic area) information produced
covered 11 days. Figures 3-1 and 3-2
show an example of the results of the
extraction of SST information from
GHRSST
information from MODIS-Aqua images

images and chlorophyll-a

for daily periods in waters around Nias

Island.

(b)

Figure 3-1: SST Extraction Results of GHRSST Images (a) September 22th, 2018, and (b)

September 22th) 2019
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(b)

Figure 3-2: Chlorophyll-a Extraction Results (a) September 22th, 2018, and (b)

September 18th, 2019

3.2. Determination Results of Coastal
ZPPI
Overlay analysis was performed on
polygons that intersect the thermal front
and chlorophyll-a parameters. This
intersection area is assumed to have a
better correlation with the presence of

Intersect Thermal Front SST

and Chlorophyll-a

[eT el e[ s e[ e e |_
2 e

Coastal ZPPI Coordinate
Point Extraction

pelagic fish because each parameter can
be used as an indication of habitat from
the presence of a shoal of fish. Examples
of the intersect results of several
parameters used to produce coastal ZPPI
information are shown in Figure 3-3.

Result of Intersect

Intersect with Fishnet size of
1 nautical mile

Figure 3-3: Intersection Results of several coastal ZPPI parameters
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Table 3-1: Recapitulation of the results of coastal ZPPI determination

Sept 2018

Sept 2019

Date Front- Front- Chl-a C;;;tlal Front - Front- Chl-a C;;;tlal
GHRSST VIIRS GHRSST VIIRS
1 v v HP v LP
2 v v HP v LP
3 v v HP v LP
4 v v HP v LP
) v v HP v LP
6 v v HP v v LP
7 v v HP v LP
8 v v HP v LP
9 v LP v v HP
10 v LP v v HP
11 I v v HP
12 v LP 4 4 LP
13 v LP v v HP
14+ I LP
15 v v HP v LP
16 v LP v LP
17 v LP v v v HP
13 I v HP
19 v LP v LP
20 v LP v v HP
21 v LP v v HP
22 v v HP v v v HP
23 v LP v v v HP
24 v LP v v HP
25 v v LP v LP
26 v v LP v LP
27 v v HP v LP
28 v LP v LP
29 v Lp [
30 v LP v LP
The use of satellite imagery to September 2018, coastal ZPPI

extract the two main parameters of

coastal ZPPI, namely sea surface
temperature and chlorophyll-a is able to
increase the number coastal ZPPI

information. From the overall data used,
27 days of ZPPI coastal information was
generated in September 2018, and 29
20109. A
of the
determination can be seen in Table 3-1.
The results of the coastal ZPPI
recapitulation in Table 3-1 show that

days in September

recapitulation of the results

within a period of one month the
of
was

information
90%.

percentage related

generated around In

International Journal of Remote Sensing and Earth Sciences Vol. 17 No. 1 June 2020

information was generated over 27 days,
consisting of 11 sets of information with
high potential (HP) criteria and 16 with
Low Potential (LP) criteria, whereas in
2019 ZPPI
information was generated for 29 days,
with 11 sets of HP criteria and 18 of LP
criteria. From the calculation details, it

September coastal

can be seen that the developed model is
able to support the provision of coastal
ZPPI
fishermen,

small-scale
the
around Nias Island. Figure 3-4 shows a

information to

especially in waters

comparison between HP and LP coastal
ZPPI information.

17
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2019
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H| P EHP

Figure 3-4: Comparison of Coastal ZPPI information based on High Potential (HP) and
Low Potential (LP) criteria

Information on potential fishing
zones in coastal areas (coastal ZPPI) is
needed by small-scale fishermen who
have small vessels with a loading
capacity of wunder S5 GT. Such
information is produced by two methods,
namely the overlay of thermal front SST
and chlorophyll-a parameters, as well as
the results of determining thermal front
SST. HP coastal ZPPI indicates there is a
high potential for fish shoals because
they are supported by a suitable
environment and high nutrient
conditions. LP coastal ZPPI indicates
there is low potential for fish shoals
because they are only supported by

appropriate environmental factors, but
not by the level of water nutrients.
Coastal ZPPI information was only
generated for coastal areas with a radius
of between 4-12 nautical miles. The
lowest limit of 4 nautical miles was
obtained based on the interviews with
fishermen on Nias Island on 24-20
September 2019, while the highest limit
of 12 nautical miles was based on the
lowest limit of the exclusive economic
zone of Indonesian waters. The results of

determining coastal ZPPI information for
Nias Island waters are shown in Figure
3-5.

l:l Buffer Area 4 nm
- Low Potential
- High Potential

Figure 3-5: Coastal ZPPI Information for Nias Island Waters: (a) September 2018,

(b) September 2019
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The distribution of coastal ZPPI
information in 2019, both HP and LP,
was higher than that of 2018. The
recapitulation data in Table 3-1 show
that in September 2018 there was an
information vacuum fof 3 days, namely
on the 11th, 14th and 18th, This was due
to several factors, including the lack of
thermal front events on these dates from
both GHRSST and SNPP VIIRS images,
the value of chlorophyll-a concentrations
being limits of the
mesotrophic area, as well as the fact that

outside the

there was cloud cover around the
research location. In September 20109,
there was only one day of information
vacuum, on the 29th. Even though the
chlorophyll-a information was lower than
in September 2018, the SST information
from the GHRSST images was higher,
coastal ZPPI
information generated in September
2019 was higher than in September
2018.

HP coastal ZPPI distribution was
found in the west and east of the study

meaning that the

i 23,
\'\'..:.!.'.'i;".‘!uo
e 3

N
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site. The distribution of HP coastal ZPPI
on the western part of Nias Island was
adjacent to the location of the reef (or
locally ‘gosong’) which is often used as a
fishing ground. Based on information
from the local fishermen, coral reefs are
located at a depth of around 15-20
meters. Purwanto et al. (2020) mapped
the distribution of 'gosong karang'
around the waters of North Nias using
Sentinel 2A images, with the location of
the reef distribution is in accordance
with the fishing locations of fishermen in
North Nias Regency (Winardi et al., 2007,
cited in Telaumbana, 2009). Distribution
of the HP coastal ZPPI in the eastern part
of Nias Island was in the water depth
transition area, as shown in Figure 3-6.
This area indicates the mixing of water
masses, so it can be assumed that
underwater masses rise to the surface
carrying a high level of nutrients that
will be used as food by the fish. This
natural event is often known as the
upwelling process.

(b)

Figure 3-6: Overlay of Water Depth Map and Coastal ZPPI Information: (a) September 2018, (b)
September 2019 (Source: Gebco Data 2014)

International Journal of Remote Sensing and Earth Sciences Vol. 17 No. 1 June 2020 19



Anang Dwi Purwanto et al.

3.3 Effectiveness of the Use of
GHRSST Imagery for
Determining Coastal ZPPI
One obstacle to producing current

ZPPI information (using SNPP-VIIRS

imagery) is cloud cover, which is very

high on certain days, so ZPPI
generated.

GHRSST imagery can be optimised to

information cannot be
solve some the weaknesses of the use of
certain previous satellite imagery. Figure
3-7 shows the suitability of coastal ZPPI
information from thermal front GHRSST
images and SNPP VIIRS images on
September 25t and September 26th,
2018. The figure shows the suitability of
the two locations circled to the east and
west of the sland, with the two images

used (GHRSST and  SNPP-VIIRS)
producing the coastal ZPPI information
at that location.

A suitability test was also peformed
on the results of the determination of
coastal ZPPI based on thermal fronts
from the GHRSST and SNPP VIIRS
images on adjacent dates, i.e. September
6th, 11th 17th and 22th, 2019, as shown
in Figure 3-8. On September 6t and
11th) suitable coastal ZPPI points from
the GHRSST and SNPP VIIRS images
were found in the western and southern
parts of the study site, while suitable
coastal ZPPI distribution on September
17t and 22t from both images was also
found in the northern and eastern parts
of the study location.

Figure 3-7: Suitability of Coastal ZPPI information from GHRSST (blue) and SNPP VIIRS
(red) on September 25th and 26th, 2018

20 International Journal of Remote Sensing and Earth Sciences Vol. 17 No. 1 June 2020
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Figure 3-8: Suitability of Coastal ZPPI information from GHRSST (blue) and SNPP-VIIRS
(red) on September 6th and 11th, and 17th and 22th, 2019
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Figure 3-9: Coastal ZPPI Distribution Pattern based on Thermal Fronts from GHRSST Images on
September 6th-22th and 17th-22th, 2019

Figure 3-9 shows the distribution
pattern of the coastal ZPPI in September
2019 based on thermal front GHRSST
images. In general, the thermal front has
almost the same pattern over a two day
period, while a difference in thermal
front patterns over a 2-3 day period is
seen in some parts of Nias Island.
Thermal fronts occur in the western and
southern parts of the island because the
oceanographic conditions in these waters
are more dynamic than in other parts,
while the fronts that occur in the eastern
and northern parts of the island tend to
be in water depth transition areas.

4 CONCLUSION

The use of SST parameters from
GHRSST images and the addition of
chlorophyll-a parameters from MODIS
Aqua images are very effective and
efficient in supporting the provision of
coastal ZPPI information in the waters of
Nias Island and its surroundings. The
use of GHRSST image data is able to
complete the lack of daily ZPPI
information due to weaknesses in the
SNPP-VIIRS imagery. The of

determining the information on coastal

results

22

ZPPI in Nias Island waters can be divided
into categories,
potential (HP) and low potential (LP)
coastal ZPPI.

The resulting coastal ZPPI model is
suitable for fishing locations around Nias
Island. About 90 percent of ZPPI Coastal
information is generated monthly. In
September 2018, 27 days of coastal ZPPI
information were produced, consisting of
11 sets of HP information and 16 of LP
information, while in September 2019
there were 29 coastal ZPPI information
days, HP sets of
information and 18 LP sets. The limit of

two namely high

consisting of 11

the coastal ZPPI information was at a
distance of 4-12 nautial miles from the
coastline. The model that have been
developed should also be tested in other
water locations in Indonesia because the
character of marine waters, especially in
coastal areas, differs greatly.
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