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ABSTRACT

Understanding the physio-chemical oceanic and atmospheric processes is critical in monitoring climate change. 
Archipelagic and Small Island countries are vulnerable to the detrimental effects of climate change, and open access oceanic 
databases can solve data limitations leading to further development of action plans and government policies. A website 
was developed (www.isea-podc.org) to distribute and augment free oceanographic data based on various in-situ sampling 
instruments. Oceanographers review the data collected and stored in the portal. It is led by the Marine Research Laboratory 
(MEAL), Padjadjaran University, in partnership with Marine Science Institute (MSI), University of the Philippines. This framework 
supplements information that can support marine ecosystems, fisheries, and climate science studies. Furthermore, all data are 
accessible to not only the academe but also decision-makers in all aspects. The data sources are student research and the 
new instruments (RHEA and ARHEA) developed by MEAL. In the future, the portal will be integrated with other government 
institutional data to provide other functional features and can yield network-wide analyses. In the next phase, collaboration from 
ASEAN countries should be conducted to gain more impact and provide robust datasets.
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INTRODUCTION

Although the ocean has an essential role in 
human life, most of the crucial basic information about 
our oceans is currently only available to a small 
community of researchers and experts in related fields 
(Buck er al., 2019) or for a limited time (Durand er al., 
2010). Resources, data, and science are essential in 
achieving the 17 SDGs, following the Three UN’s 
sustainability pillars: environment, society, and 
economy (Abram er al., 2019; Abram er al., 2019). 
SDG targets require a solid scientific basis/foundation, 
and this can be provided by the Earth Observation 
(EO) system (Bensana er al., 1999) and numerical 
models (Lubchenco er al., 2015). Several guidance 
frameworks for crucial variables in the marine and 
climate sector, such as Essential Climate Variables 
(ECVs), Essential Ocean Variables (EOVs) (Miloslavich 
er al., 2018), and Global Climate Indicators, have been 
created to meet the monitoring needs of both the 
community and stakeholders. However, linking 
scientific knowledge and marine data to the pillars of 
sustainable development remains a challenge (von 
Schuckmann er al., 2020). In addition, improving the 
quality of marine science is very dependent on the 
disclosure of relevant marine data, especially in situ 
data that can be used as a primary monitoring tool.

One of the most fundamental challenges in 
studying and monitoring ocean parameters, such as 
biogeochemistry, is the very high spatial (resolution 
can vary from a few meters to hundreds of kilometres) 
and temporal variability (seconds to decades). The 
ocean’s vastness is a challenge where it is financially 
costly to deploy an instrument that can simultaneously 
cover the appropriate location and time (Wang er al., 
2019). One solution that can be done to deal with the 
problem of spatial and temporal coverage is remote 
sensing. Remote sensing in the marine science world 
itself has been used to obtain essential parameters, 
such as Sea Surface Temperature (SST) (Carr er al., 
2021). In addition to SST, the use of satellites is 
commonly used to obtain total suspended solids (TSS) 
(Caballero er al., 2018) and Sea Level (Vignudelli er al., 
2019). Although it can be used to solve data at the sea 
surface, satellite remote sensing is less effective for 
analysing and monitoring the ocean at multi-layered 
depths (Dubovik er al., 2021). Until now, researchers 
still rely on field observations and also modelling for 
multi-layer water mass analysis. One example of an 
openly accessible multi-layer operational global model 
is the Hybrid Coordinate Ocean Model (HYCOM) 
(Chassignet er al., 2007). 

Currently, several data portals provide many 
marine parameters openly and with varying coverage, 
ranging from regional to global, such as ERDDAP 
owned by NOAA, Copernicus Marine Service, INCOIS 
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from India (Pattabhi Rama Rao er al., 2018) and 
APDRC. ERDDAP is a data server owned by NOAA 
and offers gridded and tabular scientific data in various 
formats commonly used in marine research. ERDDAP 
itself also offers several data sources such as buoys 
and satellite-derived. ERDDAP has many data sources 
because ERDDAP acts as an intermediary between 
the user and some remote data servers, such as 
NASA’s Ocean Color and AVISO. In addition to 
ERDDAP, Copernicus Marine Environment Monitoring 
Service (CMEMS) also provides various data on marine 
parameters such as Physical and Biogeochemistry on 
a regional and global scale. For global coverage data, 
most of the data available on the CMEMS website are 
modelled data with many levels of depth. The data 
available on the CMEMS server can be accessed 
openly by registering in advance, where the registration 
process is free. In Indonesia, global model data 
provided by several overseas servers has become a 
common practice. So far, using a global scale model for 
Indonesian regional waters still has several 
shortcomings, such as coarse spatial resolution and 
the input model used where there may be some 
regional factors that are ignored. This shortcoming can 
be seen especially in coastal areas where complex 
coastal dynamics sometimes cannot be represented 
by global-scale models. Moreover, as a substitute, 
many researchers or experts make their regional model 
designs using the modelling software of their choice 
and input data from field observations that are more 
accurate.

The existence of a portal database, for marine 
data, especially in Indonesia, is still minimal where the 
existence of the database is still in each agency/
operator of data collection (Setyowati er al., 2018). The 
One Map, One Policy (Shahab, 2016) which started in 
2010, also seems to accommodate more terrestrial 
data needs. To deal with the problems mentioned in the 
previous paragraphs, we are trying to create an open 
Indonesian marine data portal platform with the name 
Padjadjaran Ocean Data Center (PODC) (https://isea-
podc.org/). The PODC itself was initially created only to 
contain marine data obtained from expeditions and the 
instrument that has been developed, namely RHEA 
(Purba er al., 2017). 

In Indonesia, PODC is the first marine data portal 
website with various kinds of marine data from various 
agencies and researchers with an open-access nature. 
This will support the one map policy that provides 
complete information to users under Presidential 
Regulation 9 of 2016. Currently, PODC is being 
developed to become a marine data portal platform for 
the whole world. It contains various marine data from 
various agencies and individual researchers, especially 
in archipelagic countries. PODC itself is open-access, 
where anyone worldwide can access the data available 



on the PODC server. Conversely, researchers or 
interested agencies can load the data to be displayed 
on the PODC website. 

METHODOLOGY

Framework
PODC is a data portal that can store large 

amounts of data (big data). This portal is expected to 
be one of the references in data analysis in the marine 
sector. In particular, this portal provides data for free to 
its users. The data system received by the data portal 
can be in raw data and data analysis. The data in this 
portal come from anywhere with the standards that 
have been set for uploading.

On the infrastructure of the website, several 
programs and tools were used to support it. Generally, 
it is divided into three parts, namely Front End, Back 
End, and Database. Front End using HTML, CSS 
(Duckett, 2011), and JavaScript (Crockford, 2008) 
versions 5,3, and 8, respectively. Hypertext Pre-
processor (PHP) version 7.4.16 (Tatroe & MacIntyre, 
2020) was used to support Back End and lastly for 
database, Structured Query Language (SQL) 
(Stonebraker, 2010) was used to back up.

Workflow
The creation of this data portal is carried out in 

several stages, 1) Concept and framework development, 

2) Data collection, 3) Website design development, 
and 4) Data Usage Simulation. The data collection 
referred to in this case includes literature reviews such 
as browsing data portals around the world. Then the 
other data is the collection of field data from various 
sources, which will later be entered into the data portal. 
Next, website design is done by creating wireframes. 

Website development generally includes changes 
to the User Interface (UI) and User Experience (UE). 
The PODC website is divided into two types of displays, 
namely static pages and interactive pages. The content 
of the website can be seen in Figure 1.

The management of the PODC Website is carried 
out by involving the IT team and management 
personnel in which there is a work structure. Currently, 
the server for the data is tested independently, and it is 
hoped that later it can be stored at Padjadjaran 
University’s servers and other partners. Furthermore, 
in the data validation process, PODC invites experts 
from within and outside the country. This team of 
experts is tasked with screening the data, which in the 
final state, the data is ready to be published to the 
general public. However, this portal also publishes 
data in raw data where the data analysis is left to the 
user.
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Mind map for the PODC Website. There are Two Interactive Pages  consists of Data Acess and 
Data Submission. Source: Personal Documentation

Figure 1.  
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RESULTS AND DISCUSSION 

Data characteristics
There are many data portals in the world providing 

valuable data about the marine environment. One thing 
unique with the PODC is that it provides a wide range 
of heterogeneous data spanning from in situ, model 
output, and live reports (Table 1).

The data in the PODC data portal server are 
mainly obtained from individual researchers from 
Indonesia and the Philippines. This data is stored in 
the PODC server using the tabular Comma Separated 
Values (.csv) format. In the PODC CSV format, there is 
information about the coordinates of the data location 
in the Decimal Degree format. Therefore, some data 
with different coordinate formats must go through a 
coordinate system transformation first. In addition to 
the coordinate format, the data that enters the PODC 
server will also undergo a unit format screening (unit of 
speed, salinity, etc.) first by the expert team so that the 
data accessed by the user has a uniform format.

The data stored in the PODC server is classified 
based on several categories, namely data sources, 
observation parameters, and data timescales. The 
data sources can vary from several activities/
instruments such as ARHEA, expedition/research 
(field observation), observation instruments (e.g. 
drifters, buoys, etc.), or data from modelling outputs. 
For parameter class division, currently, the data stored 
in the PODC server will be divided into the following 
categories: Atmospheric, Physics, Chemistry, Biology, 
Biota and Fishery, and Ecosystem. In addition to 
presenting data from field measurements or direct 
surveys, the PODC was also planned to provide more 
than 15 other data sources by attracting services from 
related websites. The choice of other data sources is 
dominated by accessible data access so that there are 
no issues related to licenses or permits.

Data Processes
This data portal was intended to accommodate 

internal data results from both national and international 
contributors. A form has been provided on the website 
page for how potential partners can support the data. 
Data that enter the PODC server will receive two 
different processing (figure. 2). The first processing is 
where the raw data is directly displayed on the website. 
This is done to support the real-time visualization and 
monitoring available on the PODC. For the second 
processing, where raw data from contributors will go 
through a screening process first by a regional expert 
team. Screening or inspection is carried out to ensure 
that the data that the user will access are ready to use 
and ensures convenience from the user’s side. 

 
The advantage of this data portal website is the 

live expedition where surveys can be directly monitored 
on the website. Users from scientific and non-scientific 
communities can download data directly with only email 
registration, so it does not take long to access it.

User Interface (UI) and User Experience (UX)
PODC website also provides a visualization of 

data locations stored on the server (Figure. 3a). This 
creates an ease of use for users to see whether the 
data offered will suit the users’ needs. The UI of PODC 
itself is currently still being maximized for computer 
users, the reason being that the main target of PODC 
itself is projected to be mainly computer users who 
will process the data. From the results of the feedback 
received from the users, several inputs were obtained 
for a better display, such as adding data features for the 
ecosystem and atmosphere. 

 
This data portal also provides articles related to 

marine-related issues (Scientific News). The main 
features in a data portal website are, of course, Data 
Access and Data Submission. In this case, the Data 
Access menu on the PODC website has a simple 
interface to create a user-friendly environment for 
users experienced in marine data and those who are 

Data Processing system.
Source: Personal Documentation

Figure 2.  
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No Portal Data    Website  Accessibility Remarks

1 BODC (British Oceanographic  https://www.bodc. Free with email 
 Data Centre)    ac.uk/             registration
2 NODC (National Oceanographic       https://www.nodc. Free with email  global,  
 Data Centre)        noaa.gov/ registration in-situ data
3 APDRC (Asia Pacific Data-      http://apdrc. Free  global, combine data  
 Research Center)          soest. hawaii.   (satellite, in-situ, model, 
      edu/    reanalysis)
4 Marine Copernicus   https://marine.   Free with global, combine data  
           copernicus.eu/ registration email (satellite, model, reanalysis)
5 PODAC (Physical Oceanography      https://podaac.  Free with Global data satellite
 Distributed Active Archive Center)      jpl.nasa.gov/ registration email
6 ERDDAP (Environmental Research   https://coastwatch.Free with Global data satellite
 Division’s Data Access Program)       pfeg.noaa.gov/  registration email
          erddap/index.html
7 GEBCO (General Bathymetric        https://www. Free with Global data satellite  
 Chart of the Oceans)   gebco.net/ registration email
8 OceanColor          https://oceancolor.Free with   Global data satellite  
                 gsfc.nasa.gov/     registration email
9 USGS (United States        https://earthex      Free with Global data satellite
 Geological Survey)        plorer.usgs.gov/   registration email
10 Sentinel Data Acces Overview-  https://sentinel. Free with Global data satellite
 The European Space Agency  esa.int/web/senti  registration email
      nel/sentinel-data-
      access
11 AODN (Australian Ocean   https://portal. Free with Global data satellite 
 Data Network)    aodn. org.au/ registration email
12 Ocean Data Portal   http://www.ocean Free with Global, combine in-data (satellite,  
      dataportal.org/ registration email situ, model, reanalysis)
13 North East Ocean Data   https://www.north Free  Global data satellite
      eastoceandata.org/
14 ECMWF (European Centre for  https://www. Free with Global, combine data (satellite, 
 Medium-Range Weather Forecasts)  ecmwf.int/ registration email model, reanalysis)
15 BMKG (Badan Meteorologi dan Geofisika)  https://dataonline. Free by Region  In-situ data
      bmkg.go.id Request to 
        Institution
16 LAPAN (Lembaga Penerbangan  https://inderaja- Free with Region Global Data Satellite
 dan Antariksa Nasional)   catalog.lapan. registration email
      go.id
17 NCEI (National Centers for   https://www.ncei. Free with Global Data Sattelite
 Environmental Information)  noaa.gov/ registration
18 AOOS (Alaska Ocean   https://portal. Free with Region, combine data (satellite, 
 Observing System)    aoos.org/ registration in-situ, model, reanalysis) 
19 INCOIS (Indian National Centre   https://incois. Free with Region, combine data (satellite,
  for Ocean Information Services)  gov.in  registration in-situ, model, reanalysis)
20 PANGEAE    https://www. Free with Region, combine data (satellite, 
      pangaea.de/ registration in-situ, model, reanalysis) 
21 SeaDataNet     https://www. Free with Region, combine data (satellite,  
      seadatanet.org/ registration in-situ, model, reanalysis)
Source : PODC Website (https://isea-podc.org/)

List of Data Sources drawn by Services by PODC WebsiteTable 1.

not (Figure 3c). In accessing PODC data, users can 
sort the data based on several filters as shown in 
Figure 3c, such as Data Source, Parameter Data, and 
Date. In addition, users can also create user-specified 
AOI so that the data accessed can follow the user’s 
research area. The complete process of accessing 
data at PODC will be explained in the next sub-chapter.

The Data Access and Data Submission systems 
in the PODC data portal were made simple to maximize 
user convenience in interacting with data on the PODC 
server. For Data Access, users only need to do a few 
easy steps. On the Data Access page, the user can 
choose how wide the user will download the range of 
data. This can be done by sub setting, either by entering 
boundary coordinates or drawing the boundary area.
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There are several options for selecting/sorting 
the datasets. Users can choose to download data 
with specific Data Source options. This Data Source 
option is composed of the data sources available on 
the PODC server. Some examples of Data Source 
choices are an expedition, where data is obtained 
from direct observation in a research/exploration 
expedition. Data from academics, both from university 
activities and student research, can also be selected 
through this Data Source filter. Apart from the several 
data sources mentioned, there are also real-time 
measurement data from the ARHEA instrument. Apart 
from Data Source filters, users can also choose to filter 
data based on the desired parameters. As mentioned 
in section 2.1., that there are many parameter groups 
contained in the PODC server. In addition to the main 
groups (atmospheric, physics, chemistry, etc.), specific 

parameters such as wind speed in the atmospheric 
group and salinity in the physics group are also specific. 
All steps designed in the Data Access menu are made to 
maximize the website’s user-friendliness and maximize 
the suitability of data downloaded by users. 

The display of the PODC Data Submission menu 
can be seen in Figure 4. There is some information that 
the user must fill in before submitting data in this Menu. 
The form requires basic information from the data 
provider, such as name, email, organization, message 
for admin, and of course, the file that will be submitted 
to the PODC server. In addition to the information form 
that the user must fill out, the Data Submission page 
also contains instructions for users who will submit 
data in PDF text and video. The PODC provided about 
27 parameters that cover the Physical, Biology, and 

Snapshot of the website (a) front page, b) scientific news, c) map, d) experts.
Source: PODC Website (https://isea-podc.org/)

Figure 3.  

Types of Data Sets Archived and Served to The End Users.
Source: PODC Website (https://isea-podc.org/) 

Figure 4.  
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Chemistry parameters of the ocean. Users can also 
add the new parameters that have not been provided 
by the system yet. This approach was made to make 
sure all typical data can be accommodated on the 
website. 

 
The data submission scheme on the PODC 

website, different processes of how a dataset can be 
submitted, processed, accepted, and then published. 
The data received by the server can be directly uploaded 
to the website www.isea-podc.org in the form of raw 
data (txt file). This type of raw data has not undergone 
any screening process. The measurement data are 
also sent to the experts responsible for screening 
and following international standards (citation). The 
data can be downloaded free of charge for scientific 
purposes (fig. 4). In submitting data, the data owner 
must first read the instructions contained on the Data 
Submission page. It contains instructions for the data 
format used and their units. The data provider can 
also provide information about the instruments used in 
obtaining the data to be submitted, such as a water 
quality checker (WQC) to measure salinity. After the 
data format is appropriate, the data provider can 
submit it to the PODC server. Then, the screening is 
carried out by experts in collaboration with PODC. The 
expert team in the PODC consists of several experts 
with different areas of expertise, following the data 
parameters available in the PODC. The screening 
process itself is carried out to check several crucial 
points, such as data quality/validity, outliers in the 
dataset, format uniformity, etc. After screening, the 
data will be published on the PODC website and can 
be directly accessed through the Data Access page. 
Credits will be given to the data provider and the PODC 

website when users utilize data from PODC in a study, 
and instructions for citing PODC data can be found in 
the Data Access instruction document (insert a link to 
data access).

In addition, to access and submission of data 
on PODC website, users can also view real-time 
measurement data from the instrument ARHEA on the 
Real-Time Measurement menu (Figure 5). In this menu, 
users can see the real-time position and observations 
of the ARHEA instrument. The location of the ARHEA 
instrument can be seen on the map, represented by red 
dots on the map. In addition to location, users can also 
view measurement results from the ARHEA instrument 
in graphical form. This graph will show the value of 
the parameters measured by ARHEA (Temperature, 
Salinity, etc.) based on observation time.

The Future
The development of the website is an essential 

concern. Foremost to make sure the website provided 
ocean data in the region. Several collaborations with 
institutions and stakeholders in Indonesia and the 
Philippines must be conducted to support the data. 
Other things to concern about are access and license 
of the data. In the process, every single piece of data 
that is accommodated in the website will have a Digital 
object identifier (DOI) (Paskin, 2010) to guarantee the 
data’s belonging.

Furthermore, User Interface (UI) development 
also received from feedback questionnaire (https://bit.
ly/FeedbackPODC), which can be used as an initial 
development to the future. Since the day of the website 
operation, there have been around 50 feedbacks come 

Real-Time Measurement Display on while deploy ARHEA Instrument.
Source: PODC Website (https://isea-podc.org/) 

Figure 5.  
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from users. Although more than 55% of correspondents 
declare that PODC has good appearances and 
functions, several evaluations are ahead. Responsive 
Web Design (RWD) is the first issue that will be fixed 
immediately, so the users will have a similar experience 
using different operating systems and platforms. Lastly, 
the Mobile application version is considerable if the 
users’ demand leads to efficiency and accessibility.

CONCLUSION 

PODC is a central data repository to support 
open regional oceanography, especially in archipelagic 
countries. It receives oceanographic data in near real-
time and delayed mode from various networks. PODC 
will support national government and agencies in 
taking policies regarding ocean management. Data in 
this portal are archived with a quality control process 
according to Indonesia national data policy. PODC, 
through its data management activities, plays a vital 
role in many ocean studies, such as climate change, 
illegal fishing, and marine dynamics.
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