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Abstract
In LTER, curation activities play very essential role for data discovery and retrieval,
quality control, and reuse over time. The K-ecohub system is a pilot repository to
preserve long-term Korean national ecological data. The repository has been designed so
as to manage and share data in an efficient manner. The paper presents the workflowbased data curation process in K-ecohub, which promotes collaboration and facilitates
contribution from experts in the LTER field and also provides a way to automate and
customize curation activities depending on the data types.
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1. Introduction
The LTER network aims to appropriately deal with today’s environmental issues by
observing climate and environmental changes and tracing the consequences [1]. To
provide valuable perspectives for solving environmental problems, it is essential to collect
data over a long period of time and analyse them comparatively. In addition to this, using
cyber infrastructure is imperative for preserving LTER data and analysing them to engage
with decision makers [2]. There have been several efforts to build a system that can
collect and preserve the observed LTER data that consists of various ecological changes;
the attempted systems include Metacat [3], PASTA (Provenance Aware Synthesis
Tracking Architecture) [4], DEIMS (Drupal Ecological Information Management System)
[5], ECN (Environmental Change Network) [6], CERN (Chinese Ecological Research
Network) [7], TERN (Terrestrial Ecosystem Research Network) [8] and AEKOS
(Australian Ecological Knowledge and Observation System) [9].
The KNLTER project [10] has been collecting long-term ecological data in Korea
since 2004. In addition to harvesting LTER data, the goals of the project include building
a system to manage collected data and help ecological researches, and planning for
biodiversity conservation. The project had made a substantial contribution to the overall
ecological researches. However, the project was suspended in 2013 due to several causes:
poor planning and lack of consensus to derive common survey and analysis of items; lack
of common measurement items shared with other sites; and absence of a shared quality
assurance plan [11]. To deal with these problems, a new pilot project called K-ecohub
was initiated in 2014. The aims of the new project include: developing data collection
protocols for Korean LTER data, studying an efficient data model, and developing
cyberinfrastructure for preserving LTER data.
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The K-ecohub system is a repository to preserve long-term Korean national ecological
data and to facilitate management and sharing of data. It has been developed to tackle
issues of the KNLTER project such as: lack of consensus on data collection protocols;
data fragmentation; absence of quality assurance; absence of a repository for efficient data
integration; and poor linkage with the global LTER data.
Data curation is a management activity related to data integration, annotation,
publication and presentation. It helps data remain available for reuse and also keeps it upto-date and more findable. In LTER, curation activities play a very essential role in data
discovery and retrieval, quality control, and reuse over time [12].
The previous LTER systems [3-9] assisted data curation in various ways such as data
validation and data synthesis. Similarly the K-ecohub system curates data to enhance data
usability and discoverability through various curation activities: data validation, ingestion,
synthesis and expert reviews. The curation process in K-ecohub is differentiated from
other LTER systems in that all the curation activities are processed by an automated
workflow. The curation workflow promotes collaboration, facilitates contribution from
experts in the LTER field, and also provides ways to automate and customize the curation
process depending on the data types.
This paper presents the workflow-based data of the curation process in K-ecohub. In
Section 2 we review how other LTER systems manage the curation process. Section 3
provides an overview of the K-ecohub, and Section 4 details its curation process. In
Section 5 we conclude with discussions and directions for future research.

2. Related Work
PASTA [4] curates ecological research data harvested from LTER networks through
data synthesis. Each site in the US LTER network manages collected data within its own
site, and which metadata are maintained and shared with the MetaCat [3] software. This
makes data in different sites fragmented and hard to be integrated. PASTA, to tackle this
issue, harvests raw data from the LTER network sites and reprocesses the data to fit well
in the predefined global schema such that it makes the data more connected and
integrated. Data harvesting and synthesis are processed through the EML Parser and
Loader, which is an automated process that helps the data get converted into a
standardized format. The metadata of the synthesized data are registered into the MetaCat
for sharing, reuse and analysis.
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Figure 1. Data Ingestion and Processing in AEKOS [9]
AEKOS [9], a subnetwork of TERN [8], is a project that was developed to solve data
fragmentation issues such as lack of data context, data diversity and lost data. AEKOS
curates ecological research data collected from several sites in a manner similar to the
PASTA project. The “Data Ingester” automatically harvests data from each site and the
ETL (Extract, Transform and Load) script and the DSL (Domain Specific Language)
convert data into the pre-defined format. The reprocessed data are then finally stored in
the AEKOS infrastructure.

3. The K-ecohub System
The K-ecohub system is an LTER data repository used to collect, share and integrate
data in a consistent and efficient manner. To solve the data fragmentation issues that were
observed in the KNLTER project, the following various features have been requested.
The first feature is to support data validation. The K-ecohub system examines if the
collected data follows the predefined protocol and schema. The data validation process
includes automatic verification of data type, scope and category, followed by experts’
review process.
The second feature is management of metadata to support data integration and easy
searching. The K-ecohub provides a way to manage controlled vocabularies, and to
convert metadata into an EML format for linkage with external data in global LTER sites.
EML [13] is a standard developed for the long-term ecology, and provides a variety of
searching options including multi-faceted search, map based search, keyword search and
integrated search.
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Figure 2. The K-ecohub Repository Portal

Figure 3. Data Visualization in the K-ecohub System
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The Third feature is a process to transform data and enable data synthesis, data
integration and data visualization. Several transformation or synthesis rules may be
defined for each protocol and the data can be transformed according to the rules on new
data inputs or updates. The rules are currently defined by an SQL. They will be extended
to support general script languages.
The fourth feature is to support a visualization chart that presents data in a time series
chart, and enables data comparison between protocols or among multiple sites. This
feature may improve the efficiency of data analysis and promote effectiveness in decision
making.
The fifth feature is to manage data in a scalable and flexible way. To support this, the
K-ecohub system is equipped to manage data in a cloud, making it possible to handle a
growing data volume and complexity.

4. Curation Process in K-ecohub
The K-ecohub data model is characterized through standardized protocols that define
how to observe, collect, and store data. This standardized protocol ensures consistency in
data collection by defining types, units, subjects, contents, and methods. The data
collected through this kind of standard protocol are ingested into the K-ecohub system
based on preset schema, and the data quality is controlled in a consistent manner.

Figure 4. Data Curation Process in the K-ecohub System [11]
The curation process in K-ecohub is composed of 7 steps. Figure 4 shows the curation
workflow when a dataset is submitted into the K-ecohub system. The first step is to
validate metadata submitted by a data contributor. The metadata includes a protocol
name, a site name, owner information, contact information, keywords, species,
coordinates, access information, starting & ending date of data collection, publication
date, and so on. The K-ecohub system automatically verifies whether essential fields of
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metadata are provided, and if the metadata values are within an acceptable scope. In
addition to this, the K-ecohub system automatically verifies the types and categories of
submitted metadata by making use of predefined validation rules.
The second step is to validate the data itself. In K-ecohub, a data contributor prepares
the data that conform to a predefined schema as defined by the protocol. The submitted
data may include one or more text files that are recorded in a CSV file format. In this step,
each column and row in the data files is validated against a predefined validation schema,
which may include type, scope and category rules that the data should follow.

Figure 5. Data Validation Rule Definition in the K-ecohub System
The third step is data screening. In this step, a data manager manually verifies metadata
and data. If no error is found in the data and metadata, data are made ready for database
import. If the data manager finds any error, the submitted data is sent back to the data
contributor for modification and resubmission.
The following step is to import data into the K-ecohub database. If a new protocol is
defined, then the corresponding schema and tables are created by a data manager. When
an importing job is initiated by the data manager, CSV files are automatically imported
into the database.
The fifth step is data synthesis. To make the data easier to find, analyze and visualize,
various predefined actions are taken in this step depending on the protocol that the
submitted data follows. Currently all actions are defined through sets of SQL commands
that are similar to the ETL (Extract, Transform, Load) processes. Normally major actions
in this stage are creating summary metadata for analysis and visualization graphs.
The next step is reviewing, where a detailed review is provided by the field experts.
Reviewers may examine data manually with the help of visualized charts created in the
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previous steps. If the reviewers find any error, the submitted data is sent back to the data
contributor for modification and resubmission.
The final step is to publish the data. A data manager assigns a DOI to the submitted
data and publishes it so that it can be viewed, searched and analyzed by users.

Figure 6. Provenance of Data Workflow in the K-ecohub System
Roles for data curation tasks in K-ecohub are as follows. A data contributor harvests
data and screens them before submitting into the K-ecohub system. If any errors are found
by the system, data manager, or reviewer, then the data contributor corrects data and
resubmits. A data manager plays a central role in curating and managing the lifecycle of
data. A reviewer then validates the submitted data utilizing the expertise he has in the
field.
The K-ecohub system manages data in 6 stages. The “Draft” stage means that data is
temporarily stored prior to submitting. “Need Data Manager Work” refers to the stage in
which the data requires verification after it is submitted by a data contributor, or a
reviewer has found an error and the data needs correction. The “Need Review” stage
indicates that the data has to wait for a detailed review. “Need Contributor Work” means
a stage of waiting for a correction when an error is detected. The “Ready for Publication”
stage is where final actions such as a DOI assignment are taken by a data manager. After
all these stages, the data reaches the “Published” stage. In general, the data is processed in
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the order of “Draft”, “Need Data Manager Work”, “Need Review”,” Ready for
Publication” and “Published”.

5. Conclusion
The K-ecohub system curates data to enhance data usability and discoverability in
various curation activities: data validation, ingestion, synthesis, and expert reviews. It
promotes collaboration and facilitates contribution from experts in the LTER field and
also provides ways to automate and customize curation activities depending on the data
types. Directions for future research include supporting data ontologies, and providing
various ways to create customized curation workflows in K-ecohub.
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