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The Partnership for Australia-
Indonesia Research (PAIR) has 
launched a series of small-
scale initiatives that employ a 
dual focus to shed light on the 
interplay between governance, 
policy and capacity building in 
key sectors. These initiatives are 
aimed at supporting four main 
research themes in the areas of 
commodities, transport, young 
people’s health and young people’s 
development. 

The research adopts a dual 
strategy, focusing on both 
governance and policy, as well 
as capacity building, to reach its 
objectives. The study also takes 
into consideration important 
issues such as gender equality, 
disability and social inclusion. 

This report provides policymakers 
with a rich source of information 
and up-to-date evidence that can 
inform their decision-making. The 
�À�Q�G�L�Q�J�V���R�I���W�K�H�V�H���3�$�,�5���L�Q�L�W�L�D�W�L�Y�H�V��
are essential reading for anyone 
interested in the future of these 
key sectors in Indonesia.

Warm regards, 

Dr Eugene Sebastian 
PAIR Program Director 
The Australia-Indonesia Centre
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C O M M O D I T I E S

E X E C U T I V E  S U M M A R Y

Early work in using satellite imagery to map 
seaweed production has shown there is 

potential for the information to be used in 
developing policy positions that can have a 

beneficial impact on the industry. 

This study is designed to build on the work done in other 
�3�D�U�W�Q�H�U�V�K�L�S���I�R�U���$�X�V�W�U�D�O�L�D���,�Q�G�R�Q�H�V�L�D���5�H�V�H�D�U�F�K���E�\���U�H�À�Q�L�Q�J��
and enhancing satellite image processing and analysis 

methods to develop a seaweed production mapping and 
monitoring system. This deep learning system will help the 

industry better understand the production dynamics of 
an area and support better coordination along the value 

chain. 

Currently the industry is stymied by lack of transparent information that 
would allow for better policy framing and decisions around logistics and 
infrastructure. We explored the use of remote sensing as a management 
tool to expand the analysis and provide more relevant information to help 

tackle the issues facing the industry. Regular monitoring of seaweed 
cultivation is currently done through time-consuming and labour-intensive 

�À�H�O�G���V�X�U�Y�H�\�V�����7�K�L�V���P�D�N�H�V���L�W���G�L�I�À�F�X�O�W���W�R���H�[�W�H�Q�V�L�Y�H�O�\���P�R�Q�L�W�R�U���D�Q�G���F�R�O�O�H�F�W��
production data in areas that rely on seaweed as income. Seaweed 

�F�X�O�W�L�Y�D�W�L�R�Q���L�V���D�Q���H�F�R�Q�R�P�L�F�D�O�O�\���S�U�R�À�W�D�E�O�H���Y�H�Q�W�X�U�H���I�R�U���F�R�D�V�W�D�O���F�R�P�P�X�Q�L�W�L�H�V����
particularly in Indonesia which is the second-largest producer of seaweed 

globally.

Image credit: Sony Herdiana, iStock



C O M M O D I T I E S

This study uses special images to create a model that can automatically 
map seaweed farms in coastal areas. The images are processed and 
labelled using computer techniques to train a deep-learning model that 
�D�F�F�X�U�D�W�H�O�\���L�G�H�Q�W�L�À�H�V���V�H�D�Z�H�H�G���L�Q���W�K�H���L�P�D�J�H�V����

This model can help monitor changes in seaweed farms and their biomass 
production. The time-series maps of seaweed production that our model 
produces will be crucial for decision-making processes and for improving 
the cultivation of seaweed. The maps can also help us understand how 
seaweed farmers adapt to changes in their environment and mitigate any 
negative impacts.

The deep learning model used to create the seaweed mapping model is 
�U�H�O�D�W�L�Y�H�O�\���Q�H�Z�����H�V�S�H�F�L�D�O�O�\���I�R�U���W�K�H���O�R�F�D�O���S�U�R�Y�L�Q�F�L�D�O���G�H�S�D�U�W�P�H�Q�W�����'�.�3�����R�I�À�F�H�U�V����
A future workshop focused on capacity building is necessary to help the 
�O�R�F�D�O���R�I�À�F�H�U�V���E�X�L�O�G���R�Q���W�K�H�L�U���N�Q�R�Z�O�H�G�J�H���D�Q�G���D�S�S�O�\���W�K�H���P�R�G�H�O���H�I�I�H�F�W�L�Y�H�O�\����
This workshop should include practical training that offers hands-on 
�H�[�S�H�U�L�H�Q�F�H���W�R���K�H�O�S���W�K�H���R�I�À�F�H�U�V���J�D�L�Q���W�K�H���Q�H�F�H�V�V�D�U�\���V�N�L�O�O�V���D�Q�G���N�Q�R�Z�O�H�G�J�H����

Additionally, the deep learning model will be bundled into software with 
�D���X�V�H�U���I�U�L�H�Q�G�O�\���L�Q�W�H�U�I�D�F�H���W�R���P�D�N�H���L�W���P�R�U�H���F�R�Q�Y�H�Q�L�H�Q�W���I�R�U���W�K�H���R�I�À�F�H�U�V���W�R��
develop time-series seaweed maps.

The DKP Province of South Sulawesi is interested in improving their 
seaweed biomass production by establishing more seaweed farms in 
areas where there are currently none. Remote sensing and GIS modelling 
can generate time-series information on parameters that affect the 
suitability of potential farm locations. This site-selection activity is an 
�H�[�F�H�O�O�H�Q�W���Z�D�\���W�R���P�R�Y�H���I�R�U�Z�D�U�G���Z�L�W�K���W�K�H���F�R�O�O�D�E�R�U�D�W�L�R�Q���E�H�W�Z�H�H�Q���O�R�F�D�O���R�I�À�F�H�U�V��
and the development of the mapping software mentioned earlier.

This study is part of the Partnership for Australia-Indonesia Research 
(PAIR) focus on seaweed as a versatile export commodity that can 
transform individuals, communities and businesses.



C O M M O D I T I E S

�6�X�P�P�D�U�\���R�I���À�Q�G�L�Q�J�V��

• 	 A deep learning model was developed to map seaweed production 
areas using satellite remote sensing images automatically.

• 	 The deep learning model can be applied to time-series satellite 
images to produce multitemporal seaweed farm maps that can be 
used to monitor seaweed farm dynamic spatially.

• 	 The time-series map of seaweed production areas can be integrated 
with biomass production information collected from farmers of the 
�O�R�F�D�O���'�.�3���R�I�À�F�H���W�R���H�V�W�L�P�D�W�H���W�K�H���P�X�O�W�L�W�H�P�S�R�U�D�O���E�L�R�P�D�V�V���S�U�R�G�X�F�W�L�R�Q��

�:�H���S�U�R�S�R�V�H���I�R�X�U���U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�V���R�Q���H�I�I�H�F�W�L�Y�H���X�V�H���R�I���V�D�W�H�O�O�L�W�H���L�P�D�J�H�U�\��
�W�R���V�X�S�S�R�U�W���W�K�H���V�H�D�Z�H�H�G���L�Q�G�X�V�W�U�\��

1.	 Our satellite-imagery based deep learning model should be used to 
automatically map seaweed farms in coastal areas.

2.	 Seaweed production maps, based on the deep learning model, should 
be used to monitor the planting and harvesting cycles and to estimate 
�W�K�H���W�R�W�D�O���E�L�R�P�D�V�V���S�U�R�G�X�F�W�L�R�Q���L�Q���D���V�S�H�F�L�À�F���D�U�H�D��

3.	 We recommend further workshops, focused on capacity building, to 
�R�Y�H�U�F�R�P�H���N�Q�R�Z�O�H�G�J�H���J�D�S�V���D�P�R�Q�J���'�.�3���R�I�À�F�H�U�V��

4.	 We recommend that remote sensing and GIS modelling be used 
to consider the best location for new farms, particularly when 
considering social, economic and other limiting factors especially in 
areas where there currently are none.



Image credit: Wirestock iStock
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C O M M O D I T I E SC O M M O D I T I E SC O M M O D I T I E S

1 .0  I N T R O D U C T I O N

Seaweed is popular for its usefulness 
as both food and a source of health and 
nutrition (Buschman, et al., 2017; Naylor, 
et al., 2021; Rimmer, et al., 2021). It is 
also known for its chemical compounds 
which are widely us  ed in the food and 
pharmaceutical industries. For instance, 
carrageenan is extracted from red algae 
species such as Kappaphycus alvarezii 
and Eucheuma denticulatum, while 
agar is made from species of Gracilaria. 
Both of these compounds are used 
as hydrocolloids for gelling in various 
applications (Rimmer, et al., 2021; 
Nuryartono, et al., 2021).

Seaweed cultivation is an economically 
�S�U�R�À�W�D�E�O�H���Y�H�Q�W�X�U�H���I�R�U���F�R�D�V�W�D�O��
communities because it requires 
relatively low capital investment and can 
yield high returns (Aslan, et al., 2018; 
Nuryartono, et al., 2021). Indonesia is 
one of the world’s largest producers 
of seaweed, contributing to almost a 
third of global seaweed production and 
�V�L�J�Q�L�À�F�D�Q�W�O�\���L�Q�Á�X�H�Q�F�L�Q�J���W�K�H���J�O�R�E�D�O���P�D�U�N�H�W��
(Duarte et al., 2021; Rimmer, et al., 
2021). Since 2000, seaweed farming has 
become widespread along the Indonesian 
coast (Nuryanto, et al., 2021). 

In 2005, Indonesia overtook the 
Philippines as the primary producer 
of carrageenan from Eucheumatoid 
seaweed (Rimmer, et al., 2021; Neish, 
2008; Neish, et al., 2017). That same 
year, Indonesia became the world’s 
leading supplier of Kappaphycus and 
Eucheuma, producing  65 percent and 56 
percent of the global supply respectively 
(Porse & Rudolph, 2017; Rimmer, et al., 
2021).

Indonesia produced 11,270,000 metric 
tonnes (MT) of seaweed (Aslan, et al., 
2018) in 2015. Seaweed cultivation is 
the main source of income for more than 
267,000 households in Indonesia, with an 
�D�Q�Q�X�D�O���S�U�R�À�W���R�I���������������8�6�'���S�H�U���K�R�X�V�H�K�R�O�G��
(Presidential Regulation No. 33, 2019). 
This highlights the rapid growth of 
seaweed cultivation in Indonesia, which 
has become an essential component of 
the national economy and community 
(Aslan, et al., 2018; Nuryartono, et al., 
2021).

C O M M O D I T I E S

The producers are primarily low-income smallholder farmers from coastal 
communities in eastern Indonesia (Aslan et al., 2018). Seaweed has been 
�L�G�H�Q�W�L�À�H�G���D�V���D�Q���L�Q�G�X�V�W�U�\���W�K�D�W���F�R�X�O�G���K�H�O�S���F�R�P�E�D�W���S�R�Y�H�U�W�\���E�X�W���L�V���S�O�D�J�X�H�G��
with a range of issues that can potentially impede its future development. 
The issues faced include poorly understood seaweed production patterns, 
poor coordination between the value chain actors (Langford et al., 2021), 
ineffective policy interventions, high logistic costs and the lack of infrastructure 
development to spur the industry (Rimmer et al., 2021). This research project is 
designed to integrate geospatial data to directly or indirectly address some of 
these issues.

To support economic growth and social empowerment related to seaweed 
cultivation nationally, the government has created Guidance Maps (Presidential 
Regulation No. 33 of 2019) for developing the National Seaweed Industry 
2018-2021 (Aslan, et al., 2018; Nuryartono, et al., 2021; Rimmer, et al., 
2021). The rapidly expanding seaweed cultivation may enormously impact the 
environment and community if it is not strategically and sustainably developed. 
In order to achieve this, the spatial distribution of seaweed cultivation locations 
and production potential in each existing plot must be monitored closely 
and continuously. This will ensure that the economic prospects of seaweed 
cultivation continue to be sustainable in the future (Nuryartono, et al., 2021).

�5�H�J�X�O�D�U�O�\���P�R�Q�L�W�R�U�L�Q�J���V�H�D�Z�H�H�G���F�X�O�W�L�Y�D�W�L�R�Q���W�K�U�R�X�J�K���À�H�O�G���V�X�U�Y�H�\�V���L�V���W�L�P�H��
consuming and labour-intensive, however and seaweed farms are often in 
�K�D�U�G���W�R���U�H�D�F�K���D�U�H�D�V�����(�[�W�H�Q�V�L�Y�H���P�R�Q�L�W�R�U�L�Q�J���W�K�U�R�X�J�K���P�D�Q�X�D�O���À�H�O�G���V�X�U�Y�H�\�V���L�V���W�K�X�V��
�L�Q�H�I�I�H�F�W�L�Y�H�����+�D�U�U�L�V���	���%�D�N�H�U�����������������+�D�P�\�O�W�R�Q�������������������,�Q�W�H�J�U�D�W�L�Q�J���À�H�O�G���V�X�U�Y�H�\�V��
�Z�L�W�K���U�H�P�R�W�H���V�H�Q�V�L�Q�J���G�D�W�D���F�D�Q���P�D�N�H���P�R�Q�L�W�R�U�L�Q�J���P�R�U�H���H�I�I�H�F�W�L�Y�H���D�Q�G���H�I�À�F�L�H�Q�W��
(Wicaksono et al., 2022). 

Remote sensing data can analyse a wide study area with a synoptic overview, 
�L�Q�F�O�X�G�L�Q�J���O�R�F�D�W�L�R�Q�V���W�K�D�W���D�U�H���G�L�I�À�F�X�O�W���W�R���U�H�D�F�K���G�X�U�L�Q�J���À�H�O�G���V�X�U�Y�H�\�V�����/�L�O�O�H�V�D�Q�G����
Kiefer, & Chipman, 2015). Recent advances in remote sensing technology 
�L�Q�F�O�X�G�H���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���Y�D�U�L�R�X�V���W�\�S�H�V���R�I���Y�H�K�L�F�O�H�V�����V�H�Q�V�R�U���V�S�H�F�L�À�F�D�W�L�R�Q�V��
and analytical techniques that offer improved ways to accurately map South 
Sulawesi seaweed production areas.

Remote sensing data can be used to identify seaweed farms. One advantage 
of using remote sensing satellite data is its temporal resolution. This allows 
for frequent image captures of the same area and multi-temporal mapping. 
The seaweed cultivation status can be monitored and studied historically and 
in real-time, while also saving time, effort and data acquisition costs. Remote 
sensing also has the capability to map production areas, which can facilitate 
the analysis of seaweed production patterns. In fact, the commodity research 
�W�H�D�P���K�D�V���L�G�H�Q�W�L�À�H�G���D�Q�G���K�L�J�K�O�L�J�K�W�H�G���U�H�P�R�W�H���V�H�Q�V�L�Q�J���D�V���D���P�D�Q�D�J�H�P�H�Q�W���W�R�R�O���I�R�U��
seaweed production (Nuryartono et al., 2021). 

Langford et al. (2021) have demonstrated the use of a high-resolution satellite 
dataset to map seaweed farming areas throughout the year. The development 
of a seaweed geospatial information system can aid in understanding 
production patterns, facilitate improved coordination among value chain 
actors, stakeholders and policymakers, as well as inform policy formulation and 
future infrastructure development and provide critical information for logistic 
modelling.  

Based on previous Partnership for Australia-Indonesia Research (PAIR) reports 
and current literature, we have created a conceptual framework (Figure 1.1) 
that brings together the components and variables needed to solve a real-world 
problem in the seaweed industry.
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C O M M O D I T I E SC O M M O D I T I E S

This framework outlines the 
challenges and proposes the use of 
remote sensing as a solution.

It also explains how the project’s goals 
�F�D�Q���E�H�Q�H�À�W���W�K�H���,�Q�G�R�Q�H�V�L�D�Q���V�H�D�Z�H�H�G��
�L�Q�G�X�V�W�U�\���D�Q�G���K�R�Z���L�W���À�W�V���L�Q�W�R���3�$�,�5�·�V���O�D�U�J�H�U��
seaweed commodity program.

This study aligns with the fourth objective 
of our commodities research. By using 
this framework, we can expand our 
analysis and provide more relevant 
information to help tackle the issues 
facing the industry.

This study was conducted in South 
�6�X�O�D�Z�H�V�L���3�U�R�Y�L�Q�F�H�����,�Q�G�R�Q�H�V�L�D�����V�S�H�F�L�À�F�D�O�O�\��
in the primary production areas along 
the east, south and west coastlines 
(Nuryartono, et al., 2021). 

The focus areas are in six regencies: 
Pangkajene and Kepulauan, Takalar, 
Jeneponto, Bantaeng, Bulukumba and 
Wajo. 

The selection of South Sulawesi Province 
was based on its important role in 
the local, national and global markets 
as the largest seaweed producer in 
Indonesia, supplying more than a third 
of the national seaweed production and 
20 percent of the world’s carrageenan 
seaweed production (Nuryartono, et al., 
2021). 

The province is designated as a priority 
area for seaweed cultivation based on the 
Presidential Regulation No. 33 of 2019 
because of its high productivity potential. 
The potential area for seaweed cultivation 
in the province is more than 250,000 ha. 

In 2020, South Sulawesi was able to 
produce 2.43 million tonnes of seaweed 
�Z�L�W�K���D���S�U�R�À�W���R�I���5�S���������������E�L�O�O�L�R�Q�����%�D�G�D�Q��
Pusat Statistik Provinsi Sulawesi Selatan, 
2022). 

South Sulawesi’s annual seaweed 
production has capacity to reach about 
3.66 million tonnes, however and there 
are more than 35,000 households whose 
main income depends on seaweed 
cultivation (Nuryartono, et al., 2021). The 
map of the study area is presented in 
Figure 1.2.

Figure 1.1: Conceptual framework to developing a geospatial information 
system for the Indonesia seaweed industry 

Figure 1.2: The location of the study area and also the area of interest
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2 .0 M E T H O D O L O G Y 

�'�D�W�D���F�R�O�O�H�F�W�L�R�Q

This study used PlanetScope 
multispectral images downloaded via the 
https://www.planet.com/explorer/ portal. 
The PlanetScope image used has a 
spatial resolution of three metres and has 
�E�H�H�Q���R�U�W�K�R�U�H�F�W�L�À�H�G���D�Q�G���U�D�G�L�R�P�H�W�U�L�F�D�O�O�\��
�F�R�U�U�H�F�W�H�G���D�W���W�K�H���6�X�U�I�D�F�H���5�H�Á�H�F�W�D�Q�F�H��
�O�H�Y�H�O�����2�U�W�K�R�U�H�F�W�L�À�F�D�W�L�R�Q���L�V���D���W�H�F�K�Q�L�T�X�H��
used to make the picture look more like 
a map to see things on the ground more 
accurately, while radiometric correction 
helps better understand the colours in 
the picture and tell what is actually there 
and not just how it looks in the picture. 

This particular image was chosen for its 
ability to capture seaweed cultivation 
with high clarity due to its high spatial 
resolution. The dataset comprised 
Planetscope images acquired throughout 
2021. 

�3�U�H���S�U�R�F�H�V�V�L�Q�J

The data pre-processing stage prepares 
the data before it is used in the data 
training stage. At this stage, two 
processes are carried out, namely 1) 
image mosaicking and 2) grid creation. 

Image mosaicking is a process to stitch 
adjacent images acquired on the same 
acquisition date. The process aims to 
get the complete extent of the image 
in an area. The image mosaicking was 
performed in RStudio. 

The next step was to create a grid which 
was also done in RStudio and QGIS. This 
grid was then used to divide the entire 
image into pieces measuring 128 x 128 
pixels which would later be used in the 
modelling process.

�7�U�D�L�Q�L�Q�J���G�D�W�D���F�U�H�D�W�L�R�Q

To prepare a set of data for use in creating a model, training data is generated 
using several stages. These stages include scene selection, seaweed boundary 
digitisation, information labelling, tiling area training and image labelling. 
During the scene selection stage, it’s essential to identify and choose scenes 
that accurately represent the seaweed farms. Once the appropriate scenes 
are selected, the seaweed boundaries are digitised based on the appearance 
of the seaweed in the true-colour composite image. This process allows for 
the delineation of the seaweeds in the image. Next, the digitised seaweed 
boundaries are labelled based on their appearance and non-seaweed areas are 
labelled as well. 

Three labels are used: (0) for non-seaweed, (1) for digitised seaweed, and (2) 
for a vector grid that may contain seaweed but is not digitised. The tiling area 
training stage involves generating image tiles for all four spectral bands (red, 
green, blue and near-infrared) by cropping the digitised data into 128 x 128-pixel 
�V�L�]�H�V�����)�L�Q�D�O�O�\�����D�W���W�K�H���L�P�D�J�H���O�D�E�H�O�O�L�Q�J���V�W�D�J�H�����W�K�H���G�L�J�L�W�L�V�H�G���V�K�D�S�H�À�O�H���L�V���U�D�V�W�H�U�L�V�H�G��
with a size of 128 x 128 pixels. Data augmentation techniques such as random 
�U�R�W�D�W�L�R�Q�����F�U�R�S�S�L�Q�J�����D�Q�G���K�R�U�L�]�R�Q�W�D�O���D�Q�G���Y�H�U�W�L�F�D�O���Á�L�S�V���D�U�H���D�O�V�R���X�V�H�G���W�R���L�Q�F�U�H�D�V�H��
the quantity of training data available and improve model accuracy. Figure 2.1 
presents an example of a tile image and the corresponding digitised tile label 
used to train the deep learning model.

Figure 2.1: Example of tile image data and digitised tile labels used for the 
development of the deep learning model

Figure 2.2: UNet architecture for constructing the seaweed mapping model
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3 .0 A N A L Y S I S  A N D  R E S U L T S Each image and label data is then divided 
into three datasets, namely training, 
validation and testing. The development 
of deep learning models is carried out 
with several iterations to produce models 
with good accuracy. Modelling is carried 
out in each scene and then the model 
is compiled into a single model for the 
entire study area or area of interest (AoI) 
in South Sulawesi. 

An accuracy assessment was carried out 
on the model for each scene to determine 
�W�K�H���D�F�F�X�U�D�F�\���S�U�R�G�X�F�H�G���L�Q���V�S�H�F�L�À�F��
iterations. Two values are generated, 
namely, the accuracy value and the 
Intersection over Union (IoU), which can 
show the consistency of the model’s 
accuracy.

�$�F�W�L�Y�L�W�\���������'�H�Y�H�O�R�S���D���Z�R�U�N�L�Q�J���G�H�H�S���O�H�D�U�Q�L�Q�J���P�R�G�H�O���W�R���P�D�S���V�H�D�Z�H�H�G��
�S�U�R�G�X�F�W�L�R�Q

Seaweed maps were generated using deep-learning modelling techniques and a 
total of 43,907 pairs of image tiles and labels were used for training. Different 
iterations of each modelled scene were carried out, resulting in varying levels 
of accuracy and IoU (see Table 3.1). The highest training accuracy achieved was 
98.25 percent in the SouthC3 scene, with an IoU of 14.54 percent, while the 
lowest training accuracy was 56.90 percent in the EastC1 scene. The SouthC3 
model was trained with 20 iterations (Figure 3.1). On the other hand, the highest 
validation accuracy was 97.67 percent in the WestC1 scene, with an IoU of 9.90 
percent, while the lowest validation accuracy was 14.18 percent in the EastC1 
scene. The WestC1 model was trained with 13 iterations (see Figure 3.2).

Table 3.1 presents the results of the models, which demonstrate high accuracy 
�O�H�Y�H�O�V���D�Q�G���O�R�Z���W�R���P�R�G�H�U�D�W�H���,�R�8���Y�D�O�X�H�V�����6�R�P�H���R�I���W�K�H���P�R�G�H�O�V���H�[�K�L�E�L�W���R�Y�H�U�À�W�W�L�Q�J����
however, as evidenced by their low validation accuracies and IoU values. This 
�R�Y�H�U�À�W�W�L�Q�J���P�D�\���E�H���D�W�W�U�L�E�X�W�H�G���W�R���W�K�H���Y�D�U�L�D�W�L�R�Q���L�Q���3�O�D�Q�H�W�6�F�R�S�H���L�P�D�J�H�V���U�H�V�X�O�W�L�Q�J��
�I�U�R�P���W�K�H���G�L�Y�H�U�V�H���D�F�T�X�L�V�L�W�L�R�Q���S�D�U�D�P�H�W�H�U�V�����7�R���D�G�G�U�H�V�V���W�K�H���R�Y�H�U�À�W�W�L�Q�J���L�V�V�X�H�����S�U�H��
processing of the PlanetScope images could be conducted to ensure consistent 
radiometric quality. Based on the results presented in Table 3.1, the best models 
in EastC1, EastC2, SouthC1 and SouthC2 could be used to map the temporal 
dynamics of seaweed farming extent and monitor the dynamics of seaweed 
production.

Figure 3.1: Graph of accuracy and IoU in SouthC3 scene
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Figure 3.2: Accuracy graph and IoU on WestC1 scene

Table 3.1  Accuracy and Intersection over Union (IoU) of each modelled scene

Scene Iteration Training 
Accuracy

IoU Validation Accuracy Validation IoU

EastC1 63 0.9650 0.4671 0.9557 0.4101

EastC2 100 0.9598 0.6040 0.9504 0.5772

SouthC1 83 0.9781 0.4815 0.9732 0.4305

SouthC2 16 0.9762 0.4036 0.9733 0.4499

SouthC3 20 0.9825 0.1454 0.9714 0.0309

WestC1 60 0.9781 0.1023 0.9773 0.0713

WestC2 23 0.9380 0.0248 0.9384 0.0170

WestC3 62 0.9849 0.2890 0.9849 0.2482
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�$�F�W�L�Y�L�W�\���������8�V�H���W�K�H���G�H�Y�H�O�R�S�H�G���V�H�D�Z�H�H�G��
�P�D�S�S�L�Q�J���P�R�G�H�O���W�R���V�W�X�G�\���S�U�R�G�X�F�W�L�R�Q��
�G�\�Q�D�P�L�F�V���L�Q���6�R�X�W�K���6�X�O�D�Z�H�V�L

The developed learning model in Activity 
1 was applied to the entire dataset to 
map the temporal dynamics of seaweed in 
2021. We tested the model’s effectiveness 
on the EastC2 scene to map the seaweed 
extent in that region from January to 
December 2021 using the 25 available 
PlanetScope scenes (Figure 3.3). 

The model’s results successfully detected 
the seaweed production dynamics in the 
�U�H�J�L�R�Q�����,�W���L�G�H�Q�W�L�À�H�G���W�K�H���S�H�D�N���V�H�D�V�R�Q���R�I��
seaweed to be in March to April 2021 and 
the low season of seaweed to be in June to 
August 2021, as shown in Figure 3.4.

The dynamics of the production area 
shown in Figure 3.4 contrast the 
progression of the seaweed’s spectral 
�U�H�Á�H�F�W�D�Q�F�H���Y�D�O�X�H�V���S�U�H�V�H�Q�W�H�G���L�Q���)�L�J�X�U�H������������
The temporal spectral signatures indicate 
�O�R�Z���U�H�Á�H�F�W�D�Q�F�H���Y�D�O�X�H�V���G�X�U�L�Q�J���W�K�H���S�O�D�Q�W�L�Q�J��
season (September to December, January 
�W�R���$�S�U�L�O�����D�Q�G���K�L�J�K�H�U���U�H�Á�H�F�W�D�Q�F�H���Y�D�O�X�H�V���D�I�W�H�U��
harvesting (June to August). 

�7�K�H���O�R�Z�H�V�W���U�H�Á�H�F�W�D�Q�F�H���F�D�Q���E�H���V�H�H�Q���I�U�R�P��
January to April, the season when the 
peak of seaweed biomass is highest. The 
low values indicate the seaweed’s active 
absorbance of electromagnetic waves 
(especially in visible regions), while low 
�U�H�Á�H�F�W�D�Q�F�H���L�Q���Q�H�D�U���L�Q�I�U�D�U�H�G���Z�D�V���F�D�X�V�H�G���E�\��
water absorbance.

The extracted spectral signature values 
suggest that the biomass tonnage/
production could be estimated by looking 
�D�W���W�K�H���U�H�Á�H�F�W�D�Q�F�H���Y�D�O�X�H�V���Z�K�H�U�H���W�K�H��
dark/low spectral values in seaweed 
could indicate high seaweed biomass. 
�+�R�Z�H�Y�H�U�����W�K�H���T�X�D�Q�W�L�À�F�D�W�L�R�Q���V�K�R�X�O�G���E�H��
conducted by adopting an empirical 
model using the relationship between the 
�Q�X�P�E�H�U���R�I���K�D�U�Y�H�V�W�H�G���V�H�D�Z�H�H�G�V���I�U�R�P���À�H�O�G��
�P�H�D�V�X�U�H�P�H�Q�W���D�Q�G���W�K�H���U�H�Á�H�F�W�D�Q�F�H���Y�D�O�X�H�V���W�R��
make real-time prediction of the seaweed 
production, which potentially can be done in 
the future.

Figure 3.3: The maps of seaweed farming extent from January to December 
2021 in EastC2
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The temporal dynamics of seaweed 
farming extent in South Sulawesi 
�U�H�Y�H�D�O�H�G���W�K�H���Á�X�F�W�X�D�W�L�R�Q�V���R�I���V�H�D�Z�H�H�G��
production across the year. Based on the 
multitemporal maps in Figure 3.3, we 
can see the duration of planting between 
different plots of seaweed farming. The 
example in EastC2 region showed that 
several plots were utilised for the entire 
year (with the planting month of 11), while 
some plots were used for just one to two 
months (Figure 3.6). 

The reason should be explored so that the 
�S�U�R�G�X�F�W�L�R�Q���R�I���V�H�D�Z�H�H�G���F�D�Q���E�H���L�Q�W�H�Q�V�L�À�H�G��
to cope with demand. Therefore, the 
dynamic multitemporal seaweed farming 
maps can be used as the basis for 
seaweed production accounting and 
informing the formulation of potential 
interventions in the value chain. Seaweed 
production estimates can be based on 
the harvesting tonnage per plot area.

In addition, the multitemporal data also 
can be used to investigate the potential 
�I�D�F�W�R�U�V���W�K�D�W���L�Q�Á�X�H�Q�F�H���R�U���L�P�S�D�F�W���W�K�H��
temporal dynamics of seaweed farming. 
For example, the weather is a critical 
factor contributing to the extent of 
seaweed. 

During the rainy season, farmers 
mainly halt harvesting periods due to 
the unavailability of the sun to dry the 
seaweed. Other factors include water 
quality or other environmental factors that 
dictate seaweed production dynamics. 
Providing data or maps to enable the 
analysis of these factors can help inform 
the decision-making processes across all 
levels in the seaweed industry.

In addition, the multitemporal data 
also can be used to investigate the 
�S�R�W�H�Q�W�L�D�O���I�D�F�W�R�U�V���W�K�D�W���L�Q�Á�X�H�Q�F�H���R�U���L�P�S�D�F�W��
the temporal dynamics of seaweed 
farming. For example, the weather is a 
critical factor contributing to the extent 
of seaweed. During the rainy season, 
farmers mainly halt harvesting periods 
due to the unavailability of the sun to dry 
the seaweed. Other factors include water 
quality or other environmental factors that 
dictate seaweed production dynamics. 
Providing data or maps to enable the 
analysis of these factors can help inform 
the decision-making processes across all 
levels in the seaweed industry.

Figure 3.4: Temporal dynamics of seaweed extent in EastC2 region mapped 
using the deep learning model

Figure 3.5: Presented temporal spectral signatures of seaweed plantation 
taken from the PlanetScope data in 2021
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Figure 3:6: The duration of seaweed planting in EastC2 as mapped using a deep learning model. 
The value indicates the duration of a plot being planted with seaweed



Image credit: Yosafat Umboro iStock
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�$�F�W�L�Y�L�W�\���������(�V�W�L�P�D�W�H���V�H�D�Z�H�H�G���E�L�R�P�D�V�V��
�O�R�F�D�W�L�R�Q���Z�L�V�H�����D�W���S�O�R�W���D�Q�G���S�U�R�Y�L�Q�F�L�D�O��
�O�H�Y�H�O

We obtained the seaweed production/
�E�L�R�P�D�V�V���I�U�R�P���W�K�H���À�H�O�G�Z�R�U�N���F�R�Q�G�X�F�W�H�G��
for four days in three regencies, namely 
Pangkajene Islands (Pangkep) Regency, 
Takalar Regency and Jeneponto Regency. 

�7�K�L�V���À�H�O�G���D�F�W�L�Y�L�W�\���S�U�R�Y�L�G�H�G���L�Q�I�R�U�P�D�W�L�R�Q���R�Q��
the species of seaweed planted, the cycle 
of planting and harvesting, the size of the 
seaweed plots cultivated and the amount 
of product produced per harvest. 

�,�Q���D�G�G�L�W�L�R�Q�����W�K�L�V���À�H�O�G���D�F�W�L�Y�L�W�\���Z�D�V���D�O�V�R��
used to provide information on whether 
seaweed production can be estimated 
through seaweed plot information using 
remote sensing.

We found that there were four seaweed 
species, namely Eucheuma cottoni, 
Eucheuma sacol, Eucheuma spinosum, 
and Gracilaria species. Each species has a 
different cropping-to-harvest cycle. 

Eucheuma cottonii and Eucheuma 
spinosum have a 40-day cycle from 
planting to harvest, while Eucheuma sacol 
is 40 to 50 days. Meanwhile, Gracilaria 
species have a cycle period of planting to 
harvest that is typically faster than other 
species, being between 30 and 45 days.

To cultivate offshore seaweed in this area, 
a planting media is used that consists 
of ropes tied into a rectangular shape, 
which is called a ‘plot’ or ‘petak/petakan’. 
Within each plot, there are parallel ropes 
that hold the seaweed seeds and are 
called ‘spreads or stretches’ (bentang or 
bentangan). 

The plots are secured with weights on 
the sides, which can be wooden stakes 
�R�U���V�D�F�N�V���À�O�O�H�G���Z�L�W�K���V�D�Q�G�����W�R���S�U�H�Y�H�Q�W���W�K�H�P��
from being carried away by the current. To 
prevent sinking, each stretch is provided 
with a buoy. Figure 3.7 clearly shows 
the appearance of offshore seaweed 
cultivation in this area.

Figure 3.7: Appearance of offshore seaweed cultivation plots in Pangkep 
Regency

The plots owned by seaweed farmers vary in size from 100 m2 to more than 1000 
m2. The stretches used within each plot are spaced 50 cm to one metre apart, 
resulting in around 50 to over 100 stretches per plot with the distance between 
buoys being around two metres. The buoys are made of recycled plastic bottles. 
However, the size of cultivation plots may vary depending on seasonal conditions. 

During good seasons, the span length can be around 30 to 35 metres with a distance 
between spans of about 75 cm. In bad seasons with strong winds, the distance 
between spans can be increased to 1.5 metres to prevent entanglement of the span 
�U�R�S�H�����(�D�F�K���V�H�D�Z�H�H�G���F�X�O�W�L�Y�D�W�L�R�Q���S�O�R�W���L�V���P�D�U�N�H�G���Z�L�W�K���D���Á�D�J��

Based on the information collected, we understand that the production of seaweed 
can vary from 800 grams to two kg/m2 (wet weight) depending on the density of each 
stretch and the length of the rope used to attach the seaweed. This information can 
be used to convert the area of seaweed into a rough production estimate. 

Using information from EastC2, it can be estimated that the area can produce 227.8 
– 1879.71 tonne (conversion factor of 0.8 kg/m2), or 569.51 – 4699.278 tonne 
���F�R�Q�Y�H�U�V�L�R�Q���I�D�F�W�R�U���R�I�������N�J���P���������Z�L�W�K�L�Q���D���P�R�Q�W�K�����,�Q���D�G�G�L�W�L�R�Q�����W�K�H���Á�X�F�W�X�D�W�L�R�Q���R�I���V�H�D�Z�H�H�G��
production can be tied into the area mapped using satellite and multi-temporal 
seaweed production can be monitored as displayed in Figure 3.8.

Figure 3.8: The temporal dynamics of area with the additional production 
information using conversion factor of 0.8 kg/m2 and 2 kg/m2
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Farmers typically do not have a fixed 
location for growing seaweed and 
they tend to move between plots to 
plant seeds.

Figure 3.9: Seaweed species Eucheuma spinosum in Ujung Baji area

Figure 3.10:  Plots of Gracilaria species seaweed cultivation in Ujung Baji

The absence of actual plot ownership 
is a primary reason for this and farmers 
will plant in whichever plot is available. 
Additionally, farmers’ decisions on plot 
�O�R�F�D�W�L�R�Q���D�U�H���L�Q�Á�X�H�Q�F�H�G���E�\���Y�D�U�L�R�X�V���I�D�F�W�R�U�V����
such as rainfall, water turbidity, tides, 
�Z�D�Y�H�V���D�Q�G���S�H�V�W�V���V�X�F�K���D�V���V�K�H�O�O�À�V�K�����)�R�U��
instance, during the rainy season farmers 
will plant seeds in deep sea plots far from 
river mouths. 

During the dry season, they will move 
closer to river mouths and submerge 
seeds deeper so they remain exposed to 
seawater while still receiving adequate 
sunlight. When the water around the river 
mouth is turbid they will move their seeds 
to clearer waters slightly further away 
from the mainland.

The planting location for Gracilaria 
species is typically closer to the mainland 
and the river mouth, whereas the 
planting sites for Eucheuma cottonii and 
Eucheuma spinosum are typically farther 
from the mainland. The Gracilaria species 
is unique in that it can only grow in the 
Takalar Regency, which is why it is the 
primary seaweed species cultivated in 
the region. 

The reason for this phenomenon is 
unknown and it remains a point of 
interest for both local and foreign 
researchers. Figure 3.9 shows the 
appearance of the Gracilaria species, 
while Figure 3.10 shows the appearance 
of Gracilaria species seaweed cultivation 
plots in Takalar Regency.

Seaweed farmers face several problems 
and obstacles, including sea conditions, 
uncertain weather, pests such as 
�V�K�H�O�O�À�V�K���D�Q�G���L�F�H���L�F�H���G�L�V�H�D�V�H�����6�K�H�O�O�V���W�K�D�W��
inhabit the ropes can impede seaweed 
growth. Ice-ice disease, meanwhile, can 
cause seaweed to lose colour, become 
brittle and have easily-broken stems. 
Overall the disease can cause poor 
�T�X�D�O�L�W�\���V�H�D�Z�H�H�G���D�Q�G���À�Q�D�Q�F�L�D�O���O�R�V�V���W�R��
farmers.

Figure 3.11:  Seaweed species Eucheuma cottonii which is attacked by ice-
ice disease.
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Figure 3.12:  The process of drying seaweed around the pier in the Pangkep area

Additionally, the amount of harvest 
produced is also reduced because a 
�V�L�J�Q�L�À�F�D�Q�W���D�P�R�X�Q�W���R�I���V�H�D�Z�H�H�G���L�V���O�R�V�W����
with the fragile seaweed stems too weak 
to withstand the blows of ocean waves, 
causing them to become disconnected 
from the ropes. Figure 3.11 shows the 
appearance of seaweed affected by ice-
ice disease. Seaweed cultivation occurs 
throughout the year. 

At harvest time, not all the seaweed 
is removed for sale, with some being 
separated and then used as new seeds.

Farmers can save on the cost of buying new 
seeds because they do not need to buy 
them continuously every planting season. 
However, farmers who buy new seeds for 
nurseries need to spend around Rp. 2,500 
per kilogram of seaweed seeds. Seaweed 
production from each farmer is different. 

Farmers can generally produce up to seven 
kilograms of seaweed in a wet state for 
one pull of the rope, equivalent to two kg of 
seaweed in a dry state. One rope pull may 
consist of more than one stretch, depending 
on the length of the rope. Each plot yield 
also varies depending on the number 
of spans, where one plot of harvested 
seaweed can produce one to seven tonnes 
of seaweed in a wet state.

The seaweed drying process can be done on 
the side of a public road or on a pier or by 
hanging from a bamboo table called ‘para-
para’. For the Pangkep area, most seaweed 
farmers dry their harvested seaweed by 
drying it on the side of a public road or the 
pier (Figure 3.12). The appearance of the 
seaweed being dried can also be seen in 
Figure 3.13. 

Drying by hanging can be seen in Figure 
3.14. The purpose of the hanging is so the 
drying process is faster and the seaweed 
is cleaner compared with drying it on the 
ground. It will take at least two to three days 
if drying is done by conventional drying on 
a surface, while if it is hung it will take one 
day in hot and sunny conditions. 

Figure 3.13:  The process of drying the newly harvested seaweed in the 
Jeneponto area

For the selling price, Eucheuma cottonii species has a selling price of about Rp. 
40,000/kg in dry conditions and Rp. 6,000/kg if it is wet. The Eucheuma spinosum 
species has a selling price of around Rp. 10,000/kg and the Gracilaria has a 
selling price of about Rp. 8,000/kg in a dry state. The industry generally targets 
this species for the manufacture of agar.
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Figure 3.14: Seaweed drying process by hanging

Figure 3.15:  The colour composition from different bands taken at different dates indicates the colour 
�L�Q�F�R�Q�V�L�V�W�H�Q�F�\���R�I���V�H�D�Z�H�H�G���U�H�Á�H�F�W�D�Q�F�H���D�W���G�L�I�I�H�U�H�Q�W���W�L�P�H�V���R�I���D�F�T�X�L�V�L�W�L�R�Q��
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As part of our work, we developed a 
model to map seaweed farm coverage 
in coastal waters. This is useful for 
monitoring changes in the expanse of 
seaweed farms, including the loss and 
addition of new farms. While the model 
has room for improvement, it is still much 
�P�R�U�H���F�R�V�W���H�I�I�H�F�W�L�Y�H���D�Q�G���H�I�À�F�L�H�Q�W���W�K�D�Q��
�U�H�O�\�L�Q�J���V�R�O�H�O�\���R�Q���À�H�O�G���V�X�U�Y�H�\�V�����H�V�S�H�F�L�D�O�O�\��
when monitoring changes in seaweed 
farming over an extended period. 

In terms of areas for improvement, 
the input data or satellite imagery 
requires consistent radiometric quality. 
Inconsistent data and noisy imagery 
can cause the model to fail leading to 
poor maps. An example of inconsistency 
might be similar objects having different 
�U�H�Á�H�F�W�D�Q�F�H���Y�D�O�X�H�V���R�Q���L�P�D�J�H�V���E�D�V�H�G���R�Q��
their being acquired on different dates 
(Figure 3.15). Imagery noise can also 
cause misleading spectral information.

Further challenges can occur from coastal 
environmental conditions including cloud 
cover and water turbidity. Cloud cover 
may block information from the surface 
of the Earth, with the full coverage of 
seaweed farms going undetected. This is 
a challenge for monitoring at those times 
of the year when there is heavy cloud 
coverage. 

Turbid water may also obscure the 
�U�H�Á�H�F�W�D�Q�F�H���R�I���V�H�D�Z�H�H�G�����D�O�W�K�R�X�J�K���L�Q��
�V�R�P�H���F�D�V�H�V�����E�U�L�J�K�W���U�H�Á�H�F�W�D�Q�F�H���R�I���W�X�U�E�L�G��
water may improve the contrast with the 
darker seaweed farms leading to better 
mapping. A third issue is imagery licence, 
based on the use of PlanetScope and 
Sentinel-2 imagery technology.

The free and widely available Sentinel-2 image spatial resolution is too coarse to 
properly detect the boundaries of seaweed farms. Too many mixed pixels can limit 
the capability of Sentinel-2 to accurately and precisely delineate the boundary of 
seaweed farms from the surrounding water. 

PlanetScope imagery, despite the inconsistent and low signal-to-noise ratio 
(high level of noise) over water pixels, performed relatively well. Thus, the 
remaining issue would be the licence to use PlanetScope imagery as they are not 
freely available for public use. If this activity is to be conducted frequently, the 
government should obtain a licence or cooperate with the service provider. 

The frequent availability of seaweed farm maps can be used to assess, estimate 
and monitor biomass production when integrated with data from farmers or local 
authorities. Information on the production per unit can be integrated into the maps 
to produce spatially explicit seaweed farm production maps temporally in the 
future.

According to discussions with the head of DKP South Sulawesi Province, the 
�Q�X�P�E�H�U���R�I���V�H�D�Z�H�H�G���I�D�U�P�V���F�D�Q���E�H���L�Q�F�U�H�D�V�H�G���D�Q�G���H�[�W�H�Q�V�L�À�F�D�W�L�R�Q���L�V���D���Z�D�\���R�I��
improving biomass production. The challenge to overcome is that not all coastal 
waters are suitable for productive seaweed farming. Care needs to be taken when 
deciding on new seaweed farm locations to avoid damage and loss. Thus, the 
ability to identify suitable sites for new seaweed farms is crucial. 

This is an area of research that can be proposed in the future. Remote sensing 
and GIS have the potential to map and model various factors contributing to 
the suitability of any coastal waters suitable for the expansion of new farms. 
Information on water quality dynamics, coastal typology, coastal land use and land 
cover, sediment discharge from the watershed system, distance to pollution and 
distance from critical habitats such as coral reefs and seagrass, can be integrated 
with other supporting data to select the best location for seaweed farms. This is 
critical to ensure the expansion of seaweed farms can meet expected biomass 
production outcomes.

�$�F�W�L�Y�L�W�\���������$�V�V�H�V�V�P�H�Q�W���R�I���U�H�V�H�D�U�F�K��
�R�X�W�S�X�W���W�R���L�G�H�Q�W�L�I�\���I�X�W�X�U�H���D�U�H�D�V���R�I��
�U�H�V�H�D�U�F�K
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�$�F�W�L�Y�L�W�\���������&�D�S�D�F�L�W�\���E�X�L�O�G�L�Q�J

The capacity building activity, as 
described in the terms of reference, was 
a seaweed mapping workshop held in 
October 2022. The aim was to create 
sustainable seaweed mapping, allowing 
for the ongoing monitoring of seaweed 
cultivation, planting frequency and 
production.

The workshop was conducted online using 
the Zoom Meeting platform and had 27 
participants from various organisations, 
including the Provincial and Regency 
Maritime Affairs and Fisheries Services in 
South Sulawesi, PRO-BRIN and BIG. 

Included in the workshop was a 
presentation and demonstration of 
seaweed cultivation mapping using 
remote sensing. The Department of 
Marine Affairs and Fisheries of South 
Sulawesi Province also presented on the 
potential of existing seaweed cultivation, 
monitoring and management of seaweed 
cultivation and its relation to the spatial 
planning (PRL) of South Sulawesi 
Province. 

The participants actively engaged with 
speakers from the Department of Marine 
Affairs and Fisheries of South Sulawesi 
Province and the speaker who presented 
on seaweed cultivation mapping. Mapping 
the continuity of seaweed cultivation 
capacity  was one of the discussion topics 
raised.

The participants expressed their desire 
for a follow-up workshop and the use of 
�P�R�G�H�O�O�L�Q�J���U�H�V�X�O�W�V�����7�K�H���Z�R�U�N�V�K�R�S���L�G�H�Q�W�L�À�H�G��
that technical support is needed to 
distribute information and training skills 
related to the mapping method.  

However, when asked about the follow-
up to the workshop program, most 
participants chose a rating of 10, 
indicating their enthusiasm for the 
program. The suggestions and feedback 
provided by the participants were similar 
to those shared during the discussion 
�V�H�V�V�L�R�Q�����6�S�H�F�L�À�F�D�O�O�\�����W�K�H�\���H�P�S�K�D�V�L�V�H�G��
the need for follow-up and training on the 
seaweed mapping program to enable its 
application in other locations.

Figure 3.16: Seaweed mapping remote sensing application workshop.

Figure 3.17: Summary of the audience response regarding the workshop
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4 .0  F I N D I N G S  A N D 
R E C O M M E N D A T I O N S

This project has developed a model that 
can automatically map seaweed farms 
in coastal areas. The model uses time-
series satellite imagery to create maps 
showing the distribution of seaweed 
farms over time. These maps provide 
extensive spatial information and can 
be used to monitor the planting and 
harvesting cycles. When combined 
with information on seaweed biomass 
production, the maps can estimate 
the total biomass production in a 
�V�S�H�F�L�À�F���D�U�H�D�����$�O�W�K�R�X�J�K���W�K�H���P�R�G�H�O���K�D�V��
potential, we have noted that there are 
still some challenges to be addressed 
as discussed in the previous section 
(Activity 4).

The time-series maps of seaweed 
production that our model produces 
will be crucial for decision-making 
and improving the cultivation of 
seaweed. The maps can also help us 
understand how seaweed farmers 
adapt to environmental changes and 
mitigate any negative impacts, such as 
sedimentation from rivers, storms and 
strong currents.

 Previously, we could not clearly observe 
this pattern, but the maps produced 
by our model can now monitor such 
conditions. For instance, if a farm is 
only used to produce seaweed during 
one month of the year, it could indicate 
that the farm was set up in response 
to adverse conditions in the farmer’s 
regular seaweed farm. The movement 
to a new location may be due to 
unfavourable conditions at their regular 
farm at that time.

The deep learning model we used to 
create our seaweed mapping model is 
relatively new, especially for the local 
�'�.�3���R�I�À�F�H�U�V�����'�X�U�L�Q�J���R�X�U���Z�R�U�N�V�K�R�S�����Z�H��
�L�G�H�Q�W�L�À�H�G���D���N�Q�R�Z�O�H�G�J�H���J�D�S���D�P�R�Q�J���W�K�H��
�R�I�À�F�H�U�V���Z�K�L�F�K���P�D�\���D�I�I�H�F�W���W�K�H�L�U���D�E�L�O�L�W�\���W�R��
use the model correctly. Despite this, 
they showed enthusiasm for the model 
and the products it can deliver and they 
expressed a desire to learn more. 

To address this, we believe that a future workshop focused on capacity building 
�L�V���Q�H�F�H�V�V�D�U�\���W�R���K�H�O�S���O�R�F�D�O���R�I�À�F�H�U�V���E�X�L�O�G���R�Q���W�K�H�L�U���N�Q�R�Z�O�H�G�J�H���D�Q�G���D�S�S�O�\���W�K�H���P�R�G�H�O��
effectively. This workshop should include practical training that offers hands-on 
�H�[�S�H�U�L�H�Q�F�H���W�R���K�H�O�S���W�K�H���R�I�À�F�H�U�V���J�D�L�Q���W�K�H���Q�H�F�H�V�V�D�U�\���V�N�L�O�O�V���D�Q�G���N�Q�R�Z�O�H�G�J�H����

�$�G�G�L�W�L�R�Q�D�O�O�\�����W�R���P�D�N�H���L�W���H�D�V�L�H�U���I�R�U���W�K�H���R�I�À�F�H�U�V�����Z�H���S�O�D�Q���W�R���E�X�Q�G�O�H���W�K�H���G�H�H�S���O�H�D�U�Q�L�Q�J��
model into software with a user-friendly interface. This will make it more convenient 
�I�R�U���W�K�H���R�I�À�F�H�U�V���W�R���G�H�Y�H�O�R�S���W�L�P�H���V�H�U�L�H�V���V�H�D�Z�H�H�G���P�D�S�V��

The DKP Province of South Sulawesi seeks to improve seaweed biomass production 
by establishing farms in areas where there are currently none. This effort needs to 
be implemented with care, however, as not all coastal waters may be suitable for 
seaweed farming. 

Social, economic, environmental and other limiting factors need to be considered. 
Remote sensing and GIS modelling can generate time-series information on 
parameters and determine the best location for new farms.

�%�D�V�H�G���R�Q���R�X�U���À�Q�G�L�Q�J�V�����Z�H���D�U�H���D�E�O�H���W�R���P�D�N�H���D���Q�X�P�E�H�U���R�I���U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�V��

• 	 Our satellite-imagery based deep learning model should be used to 
automatically map seaweed farms in coastal areas.

• 	 Seaweed production maps, based on the deep learning model, should be used 
to monitor the planting and harvesting cycles and to estimate the total biomass 
�S�U�R�G�X�F�W�L�R�Q���L�Q���D���V�S�H�F�L�À�F���D�U�H�D��

• 	 We recommend further workshops, focused on capacity building, to overcome 
�N�Q�R�Z�O�H�G�J�H���J�D�S�V���D�P�R�Q�J���'�.�3���R�I�À�F�H�U�V��

• 	 We recommend that remote sensing and GIS modelling be used to consider the 
best location for new farms, particularly when considering social, economic and 
other limiting factors especially in areas where there currently are none.

This site-selection activity is an excellent way to achieve collaborative progress 
�L�Q�Y�R�O�Y�L�Q�J���'�.�3���R�I�À�F�H�U�V���D�Q�G���P�D�S�S�L�Q�J���V�R�I�W�Z�D�U�H�����Z�L�W�K���W�K�H���R�I�À�F�H�U�V���D�E�O�H���W�R���G�H�W�H�U�P�L�Q�H��
the best places for farming and ensuring successful seaweed cultivation. By taking 
steps towards effective site selection, progress can be made towards the further 
development of a South Sulawesi seaweed industry in a way that is both lucrative 
and sustainable.

Figure 3.16: Seaweed mapping remote sensing application workshop.

Figure 3.17: Summary of the audience response regarding the workshop
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