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ABSTRACT 
At the National Center for Atmospheric Research (NCAR), being 
able to enable and facilitate scientific progress by providing 
advanced computing capabilities has been a key focus for multiple 
decades. Additional developments of dedicated technical 
infrastructures for supporting data-related activities, such as 
visualization, analysis, processing, and transformation, have also 
been prioritized. However, in order to meet the diverse existing 
and emerging data needs from the scientific community, data 
services must couple technical development with human and 
organizational services. Data services have a better chance to be 
accepted and used by the target community if the community 
members are represented and consulted during the design and 
implementation process. This paper discusses NCAR’s Data 
Stewardship Engineering Team (DSET), which was created to 
facilitate cross-organizational participation and communication. 
The NCAR DSET includes representatives and stakeholders from 
the NCAR science and technical divisions to leverage the expertise 
of both groups, and ensures that feedback from users is built into 
the process. The goal of the DSET is to enable data services, 
including the technical infrastructures, to be developed in 
alignment with the community’s research and data needs. 

CCS CONCEPTS 
• Software and its engineering → Collaboration in software 
development • Social and professional topics → Cultural 
characteristics  
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1 INTRODUCTION 
In recent years, the fields devoted to data management services 
have experienced rapid growth. As a federally funded 
development and research center, the National Center for 
Atmospheric Research (NCAR) is actively engaged in making 
science and the associated data more transparent and accessible 
to the public. In addition to meeting government mandates and 
funder/sponsor policies, such as the National Science 
Foundation’s Dissemination and Sharing of Research Results1 as 
well as the Open Data, Open Science, and Open Government 
initiatives2 of the Office of Science and Technology Policy in the 
White House, NCAR’s mission includes a goal to “foster the 
transfer of knowledge and technology for the betterment of life 
on Earth3.” To this end, providing sophisticated data-related 
capabilities, including the NCAR-Wyoming Supercomputing 
Center4, has long been a core part of NCAR’s technical services. 
By providing the supercomputers to the scientific community, 
NCAR has enhanced not only the ability in which scientific 
research could be conducted, but also the way that the research 
results could be processed and stored. 

However, while the availability of supercomputers is vital to 
scientific advancement, studies have demonstrated that scientific 
and technological solutions often fail if they do not account for 
the cultural and social aspects of its target community [1-2]. 
Technologists and scientists bring different needs and interests 
to collaborative efforts [3]. Challenges often arise in developing 
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effective collaborative structures and aligning incentives. It can 
also be difficult to establish leadership roles, and in some cases, 
even determine who the relevant “community” actually is for a 
given cyberinfrastructure initiative [4-6]. Aligning the needs and 
interests of disparate groups typically involves an extended 
period of personal interaction, technical iteration, and human 
intermediation [7]. 

This paper discusses the NCAR Data Stewardship 
Engineering Team (DSET)5, which was created in 2014 to 
facilitate cross-organizational participation and communication 
around data services and technologies. The NCAR DSET is 
specifically structured to ensure that feedback from the relevant 
scientific community is built into the process. The goal of the 
DSET is to build data services and develop infrastructures that 
are in alignment with the community’s research and data needs. 
The DSET fits into the larger NCAR goal of providing holistic 
data services that are prioritized and driven by the stakeholders, 
with corresponding support and sense of ownership being 
distributed across the organization [8]. To achieve this, it is 
critical that data services integrate communal elements, 
especially human support, with the computing services so that 
the data services as a whole will be more easily adapted by and 
beneficial to the target community. 

2 BACKGROUND 
The DSET builds on prior NCAR efforts to make NCAR’s 
research results more openly available and publicly accessible. 
For example, an Information Infrastructure Technology and 
Applications initiative had begun in 1995 and ended in 2001, a 
Data Management Working Group was active between 2001 and 
2007, and an ad hoc data citation working group had met 
regularly between 2011 and 2014. All three of these initiatives 
made significant efforts to evaluate and build better systems or 
infrastructures to connect and serve NCAR data-related 
resources, including datasets, software, and models. 

While these initiatives made crucial technological progress 
during their active periods, reviews of these efforts and 
interviews with the people who were involved in these activities 
showed that the long term scalability and sustainability of these 
initiatives depended heavily on social and cultural factors. 
Specifically, key lessons learned from these previous data service 
efforts found that in addition to demonstrating technical 
achievements, it was important to: 

1. Document and communicate work processes clearly, 
especially those used for decision making, and share the 
information across the organization. 

2. Have cross-organizational participation so the range of 
data needs existing in the institution could be well 
represented. 

These findings indicated that the longevity of the initiatives’ 
success was impacted by not only the skills and expertise of 
those who were involved, but also the diversity of the 

                                                                 
5 https://ncar.ucar.edu/data-stewardship-engineering-team-dset 

stakeholders and their interests that the initiatives covered, as 
well as the extensiveness of the support that the initiatives were 
able to receive from the members of the organization. 

Additionally, advanced research computing facilities should 
be considered as part of an overall data services suite instead of 
as the service itself. While technical systems or infrastructures 
are essential elements of data services, additional social and 
cultural factors, such as how well the technical workflows match 
naturally with the human activities and the types of personal 
support that the data services could offer, are equally significant 
in determining whether data services are acceptable and useful 
to its intended communities [9]. 

3 FORMATION OF THE DSET AND THE 
ADDITION OF DATA CURATION AND 
STEWARDSHIP COORDINATOR 

In 2014, the NCAR Directors formed the DSET on the 
recommendation of a small group of internal data professionals. 
The formation of the DSET was based on the desire to consider a 
new, institution-wide data service initiative to meet the current 
as well as developing data management mandates and data 
needs. The DSET was created to lead the exploration and 
execution of these comprehensive data services. The NCAR 
leadership goal was for the DSET to pursue technical 
accomplishments that were based on inter-departmental 
collaboration. This collaboration would then be established and 
sustained in order to help the members of the organization in 
understanding and participating in the initiative, and ultimately 
utilizing and benefitting from its outcomes.  

To this end, it was decided that the DSET members should be 
selected to represent the diversity of the UCAR/NCAR 
community, including scientific and technical divisions. This was 
to ensure that issues and decisions regarding data-related topics, 
including data management practices, could be presented and 
discussed fairly across the organization. The DSET members 
were also to be the champions for the communities that they 
represent, so that any data service or resource developed, 
including technical systems, would be aligned with the needs of 
the intended community members.  

In 2015, the DSET was provided a dedicated budget by the 
NCAR Directors for software and metadata engineering support. 
The engineering resource would allow the DSET to implement 
key technical services as determined by the members. In 2016, a 
new position of Data Curation & Stewardship Coordinator was 
added to the effort. In addition to helping the DSET members 
maintain constant communication with the UCAR/NCAR 
community, it was emphasized that the Coordinator would assist 
further with gathering data management requirements and data 
needs from members of the community as well as identifying 
and engaging emerging stakeholders who are relevant to or can 
find value in data services. 
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4 RESULTS 
Currently, the DSET membership consists of one or two 
representatives from each of NCAR’s seven laboratories6, and 
one representative each from the NCAR Library and UCAR 
Community Programs (UCP).  

The representative(s) from the NCAR laboratories were 
appointed by their respective lab directors. While the 
representatives had varied exposure to the development of data 
services and data management resources, it was critical that 
their experience and understanding of their labs’ scientific 
studies allowed them to explain the research emphasis of their 
labs and advocate for the corresponding data management 
requirements and service needs.  

The UCP representative added additional perspective from 
other UCAR programs, such as the Unidata7, which develops 
software pipelines and data tools for the atmospheric and 
meteorological sciences.  

The NCAR Library representative further enabled the 
identifications and translations of existing best practices and 
guidance from the information science discipline that would be 
applicable to data-centric systems and services. 

This diverse membership was organized to ensure that the 
necessary knowledge and skill sets required to create and build 
data infrastructure systems were matched by the relevant 
expertise in the scientific domains. The DSET membership was 
also structured to ensure cross-organizational communication, 
which was a noted challenge in previous data service efforts. 

With the diversity and availability of both research and 
technical expertise, the DSET became a viable testbed for the 
representatives to: 

1. Share data management requirements and data-related 
issues encountered from the variety of UCAR/NCAR 
research projects. 

2. Brainstorm possible solutions that could work for all 
stakeholders. 

3. Assess the designs and implementations for the 
proposed data-related resources and systems. 

 
As an example, the DSET’s current focused infrastructure is a 

new Search & Discovery system that is aimed to be the 
centralized, web-based system for finding and getting access to 
all of the scientific outputs from the NCAR laboratories and 
UCAR programs. In order for the development and 
implementation of the Search & Discovery system to be 
successful, computing capabilities, including efficient file 
indexing and retrieval, sufficient file storage space, and an 
appropriate operating platform, are essential. However, equally 
significant to the progress of the Search & Discovery system is 
that the DSET members have been contributing insights into the 
types of content and features that the UCAR/NCAR community 
members would consider to be useful when interacting with 

                                                                 
6 https://ncar.ucar.edu/org-chart 
7 http://www.unidata.ucar.edu/ 

such a system. For instance, the DSET representatives discussed 
and gave feedback on the types of scientific keywords to include, 
the preferred search methods, and the types of resource 
collections that should be available from the Search & Discovery 
system. All of these research behavior/workflow-specific details 
helped the Search & Discovery system to be designed and 
implemented according to the UCAR/NCAR community’s 
research and data context.  

From the Search & Discovery system’s experience so far, the 
physical infrastructure has provided the technical foundation to 
build the system. However, it is the DSET members’ 
understanding of how and why people from their communities 
would utilize the system that is enabling the Search & Discovery 
system to be relevant to the data activities at UCAR/NCAR, 
thereby increasing the likelihood that the system will be adopted 
by the community members. 

Another data service that is being deployed by the DSET is 
the Digital Asset Services Hub (DASH)8. DASH is a web-based 
system to provide dedicated services and resources for the 
UCAR/NCAR members who would like to receive support and 
training for data management related topics. Computing 
resources, such as a reliable server, a flexible content 
management system, and a scalable file storage, are again 
integral to DASH’s development process. However, similar to 
the Search & Discovery system, while the technical 
infrastructure has enabled the physical existence of DASH, 
communication with and participation from the community is 
crucial in directing what services to prioritize and how they 
should be built through DASH. Particularly, during the initial 
requirement gathering phase of DASH’s development, the Data 
Curation & Stewardship Coordinator met with all of the DSET 
members and their respective lab administrators. This was so 
that the Coordinator could collect information from those who 
have in-depth knowledge of each lab’s research lifecycle, and the 
corresponding data management related issues and questions. 
Currently, on top of being an operational web system, DASH 
offers three major components of data management resources9:  

1. A data management plan preparation guidance. 
2. A set of five data management plan samples based on 

the common research output types generated by the 
UCAR/NCAR research. 

3. A data management plan checklist for an awarded 
proposal. 

 
Through reviewing the existing data management requirements 
as well as exploring emerging needs with the community, these 
resources were highlighted by the community representatives as 
the most desired resources. Therefore, like the Search & 
Discovery system, DASH’s current resources and their contents 
are constructed with the UCAR/NCAR community’s research 
and data context. 

8 https://www2.cisl.ucar.edu/dash 
9 https://www2.cisl.ucar.edu/dash/data-management-guidance 
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Along with the Search & Discovery system and DASH, Table 
1 in the Appendix summarizes the technical elements that the 
DSET is including in its data services and the methods in which 
the services are being developed in collaboration with the 
UCAR/NCAR community. As the DSET and the Data Curation & 
Stewardship Coordinator expand their interactions with more 
community members to review and evaluate DASH technical 
platforms and its resources, the resulting service as a whole will 
continued to be refined to improve its usefulness to the 
community. 

5 DISCUSSION 
In March 2017, as a result of analyzing more than 50 
collaborations, Cutcher-Gershenfeld et al. [10] found that 
scientific consortia, like the DSET, could act as the catalyst to 
help the members of the group in achieving more than each 
member could accomplish by itself. Additionally, in order for the 
consortia to be effective and successful, Cutcher-Gershenfeld et 
al. summarized five major key points that were critical for 
enabling and facilitating science collaboration. Comparing the 
DSET’s experience with these five key points, we observed the 
following: 

1. Lesson 1: “Build out from the middle” –  
As Cutcher-Gershenfeld et al. described, the “lack of 
integration across research sites and teams” would 
hinder collaborative efforts. They advised that top down 
or bottom up initiatives were not themselves sufficient 
to effect change in most circumstances. This was why it 
was crucial that the DSET membership included 
representatives from across NCAR’s organization in a 
bottom-up fashion. The DSET found that getting buy-in 
and approval from the NCAR leadership, however, was 
also critical in providing legitimacy and recognition to 
the DSET’s efforts, and provided a potential mechanism 
through which to inquire about and obtain technical and 
human resources as needed. The DSET itself provided 
the “middle-out” venue for coupling the top-down 
motivations with the bottom-up participation. 

2. Lesson 2: “Forge a shared vision” –   
Cutcher-Gershenfeld et al.’s second recommendation 
was to “conduct outreach so stakeholders explicitly 
voice goals and identities.” Reviews of the previous 
NCAR data initiatives and the process of determining 
the DSET’s own charter showed that while it was vital 
to consider diverse points of view, it was ultimately 
important to establish common mission statement(s) so 
that the team could work towards the same goals. 
Specifically, the DSET members performed internal 
surveys and assessments in order to identify issues and 
topics that were shared and desired to be resolved by all 
of the NCAR communities that the DSET team members 
represented. 

3. Lesson 3: “Accommodate diverse , changing interests” –   
Since NCAR has seven major laboratories and each 
laboratory has its own scientific focus, it is natural for 

the DSET members to recognize that the DSET 
representatives do not have the same interests and 
needs, and that these interests and needs could change 
over time as the laboratories make advances. In addition 
to acknowledging the differences, the DSET members 
also know that the shared vision and community needs 
should be regularly adjusted and updated to maintain 
their relevance. For the DSET, the full team meets 
monthly to communicate its progress. In addition, 
subsets of the DSET members, including the DSET 
Chairs, the Organizing Committee members, and the 
members who are working on specific activities, meet 
frequently between the monthly meetings to ensure 
potential issues and solutions are discussed more 
constantly and consistently. 

4. Lesson 4: “Multiply impacts” –  
In addition to the Search & Discovery system and 
DASH, the activities in the Appendix demonstrate the 
other services that the DSET is currently also designing 
and implementing. For each of these services, different 
types of technical and social knowledge are involved. In 
order to meet the specific requirements, selected DSET 
members formed subgroups to contribute their related 
expertise. Since the DSET members are given the 
freedom to collaborate with each other, the DSET could 
work in parallel to resolve multiple issues 
simultaneously. The ability to “allow coalitions to forge 
new forms of cooperation” as Cutcher-Gershenfeld et al. 
pointed out has not only given the DSET members the 
opportunities to get to know each other better, but also 
made the DSET more efficient and effective. However, 
it should be noted that the DSET members has also 
learned that it is vital that the subgroups report their 
progress back to the whole team regularly. This way and 
as discussed above, the shared vision could be 
maintained, and any needed modifications could be 
explored and accommodated. 

5. Lesson 5: “Co-evolve” –   
As the last key point for achieving an open, 
collaborative consortium, Cutcher-Gershenfeld et al. 
warned against assuming that “if you build it, users will 
come,” and encouraged the consortia to “adapt social 
and technical systems to emerging needs and practices.” 
The DSET and its services are in their early 
development stage, so this will be a critical lesson as the 
DSET moves forward. For example, in addition to 
selecting the technological platforms that would have 
the appropriate capabilities, the DSET wants to make 
sure the services would remain useful to their 
communities. To this end, the DSET has leveraged 
usability principles and conducted user studies 
throughout the design phase. Usability evaluations and 
any additional techniques that could help in evaluating 
the technical and social fitness of the DSET services 
should continue to be leveraged, so that new social and 
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technical issues could be determined, and 
corresponding solutions could be applied. 
 

Sustainability and evaluation are two additional key areas for the 
success of data infrastructures. It is crucial to consider how the 
technical and human resources that are required to operate data 
infrastructures can be maintained over time. It is important to 
think about how to design systems and services that can be 
flexible in the face of changing data types, research methods, and 
instruments, along with changes to funding, policy 
environments, as well as coordination and collaboration 
techniques [11]. Similarly, it is often critical to be able to 
quantify the impact of the services and to identify areas for 
improvement and create roadmap for future enhancement. 
Evaluation methods within the DSET are still being designed, but 
will involve a mix of quantitative metrics of system use, and 
qualitative measures of user satisfaction and system 
effectiveness. 

6 CONCLUSION 
As a university community-led organization, NCAR is constantly 
seeking ways to support scientific discoveries and 
advancements. Recognizing the importance of sharing its 
research outcome, NCAR has worked towards a holistic system 
of data services that couples its technical expertise with human 
and organizational services. Based on the lessons learned from 
its previous internal data initiatives and findings from external 
studies, the current NCAR DSET initiative is emphasizing having 
diverse stakeholder representation and clear communication, 
both of which are critical in ensuring that data services can be 
better designed to meet the community’s needs. When 
community members can identify with the purposes of the 
services and apply the resources directly to their data related 
activities, they are more likely to adapt and use the services. 

As NCAR moves forward with its current data initiative, 
technical advancements will continue to be a focus when 
enabling data services. However, community involvement will 
also continue to be emphasized during the service development 
process. Ultimately, the open availability and public access to 
NCAR’s research outputs, including datasets, software, and 
models, allow NCAR to not only meet federal data management 
mandates, but also improve the potential of these resources 
being used/reused by a broad range of communities and for a 
variety of purposes. As a result, it is vital that the data services 
provided by the DSET are built with the direct involvement of 
the relevant scientific communities, so that the impact of 
NCAR’s scientific research could be maximized and its research 
outcomes optimized. 
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A APPENDIX 

Table 1: Technical and Community Considerations for the DSET Data Services 

Technical Component DSET Implementation Community Implications 

Repository Software CKAN 10 , an open source data 
portal software, has been 
selected as the foundation for 
the DSET’s new data services, 
including the Search & 
Discovery system. 

In assessing and choosing an appropriate software, the 
DSET organized a number of usability tests and 
feedback sessions with the NCAR lab members to 
identify the strengths and weaknesses of the candidate 
software for NCAR's potential use. These tests allowed 
not only the evaluation of ease of use and intuitive 
understandability of software and associated 
functions, but also the investment and support from 
the NCAR science groups. Additionally, CKAN is 
widely used by NCAR’s peer organizations, including 
other government portals. Consequently, the DSET 
could also benefit and reference the use experience 
from a wider community. 

Information Gateway (Digital 
Asset Services Hub) 

UCAR/NCAR uses Drupal 11  as 
its content management system. 
As a result, the DSET is also 
using Drupal for DASH to be 
consistent with UCAR/NCAR’s 
practices. 

The interviews that the Data Curation & Stewardship 
Coordinator performed with the researchers and 
administrators of the NCAR labs as well as with the 
staff of NCAR Budget and Planning Office indicated 
that the DSET’s resources and services should be made 
available through a well-recognized and easily 
accessible location. Given that the community 
members are already familiar with the structure and 
format of the current UCAR/NCAR website and pages, 
it is important that DASH and its content are also 
consistent with UCAR/NCAR’s web style. 

Metadata Editor The DSET has created a 
customized editor based on 
CatMDEdit 12 ; the customized 
editor supports a combination of 
metadata fields from ISO1911513 
and DataCite14. 

When sharing resources, it is crucial that the resources 
are described with information that could help 
potential users in understanding and determining 
whether the resources are suitable for the intended 
uses. While ISO19115 has been identified as a 
comprehensive standard that is technically capable of 
recording in-depth descriptions, ISO 19115 is complex 
and could be difficult for non-experts to grasp the 
structure in a short period of time. On the other hand, 
DataCite’s metadata elements are simpler and useful 
when registering for a digital object identifier. 
However, the elements are not used by many peer 
operational data services as the designated metadata 
standard. In order to assist the UCAR/NCAR 
researchers in providing effective metadata, the DSET 
has provided a metadata expert to work with the 
NCAR science groups in defining the NCAR-specific 

                                                                 
10 https://ckan.org/ 
11 https://www.drupal.org/ 
12 http://catmdedit.sourceforge.net/ 

13 
http://www.iso.org/iso/iso_catalogue/catalogue_ics/catalogue_detail_ics.htm?csnu
mber=53798 
14 https://schema.datacite.org/meta/kernel-4.0/ 
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metadata standard. A metadata entry interface, or 
editor, is then built according to the science groups’ 
feedback to minimize the technical details of the 
standard and to ensure the metadata creation process 
is natural to researchers. Consistent cross-
organizational metadata at NCAR is critical for 
achieving comprehensive search and discovery of the 
research outputs. 

Near and Middle Term 
Storage for the Research 
Outputs/Resources 

The Globally Accessible Data 
Environment (GLADE) at the 
NCAR-Wyoming 
Supercomputing Center. 

At NCAR, some smaller, existing data repositories 
reside on independent disk storage, and the larger 
collections are on the high performance central file 
system. In order to increase data security, simplify 
access, and improve the management of specific data 
in the existing repositories, the DSET is instantiating 
a new data repository on the central file system.  
Organizing and providing stewardship for data 
through the new data repository will make data more 
readily available for web-based access, usage and 
analysis, such as through APIs and the 
supercomputing infrastructure and other data-related 
tools at NCAR. 

Long Term Storage for the 
Research Outputs/Resources 

The High Performance Storage 
System (HPSS) at the NCAR-
Wyoming Supercomputing 
Center and at the NCAR Mesa 
Lab. 

The responses from an organizational survey 
conducted by the DSET in 2015 revealed that there 
were more than 100 digital asset collections at NCAR, 
and the diversity of the assets included software, 
publications, model codes, and sets of data files. 
Additionally, the file size for these assets varied from 
a few Megabytes to Petabytes. Based on the types and 
characteristics of the resources that are being 
generated by the research at NCAR/UCP, it is 
therefore crucial for the DSET to choose a long term 
storage system that could adequately accommodate 
and support the resources. 

 


