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Abstract. e-Science infrastructures have changed the process of research. Re-
searchers can now access distributed data around the globe with the help of  
e-infrastructures. This is particularly a very important development for the de-
veloping countries. User support services play an important role to provide re-
searchers with the required information needs to accomplish their research 
goals with the help of e-infrastructures. However, the current user-support prac-
tices in e-infrastructures in the climate domain are being followed on intuitive 
basis, hence over-burdening infrastructure development staffs who partly act as 
human support agents. The main contribution of this paper is to present the en-
vironmental complexity with-in the contemporary user support practices of cli-
mate science e-infrastructure known as Earth System Grid Federation (ESGF). 
ESGF is a leading distributed peer-to-peer (P2P) data-grid system in Earth Sys-
tem Modelling (ESM) having around 25000 users distributed all over the world.  

Keywords: e-Science, systems, research, user support, help desk, developing 
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1 Introduction 

User support has always been a key topic in Human Computer Interaction (HCI) and 
other fields as it refers to assistance provided to the users of technology and other 
products. The user-support process in e-Science infrastructures is an operational 
process that serves the end-users of e-Science infrastructure in achieving their goals 
i.e. using e-Science infrastructure (mainly) for their research but not necessarily li-
mited to that. Users are mainly researchers and they accomplish various tasks of re-
search within a specific time-frame via e-Science infrastructures. The user-requests 
are the inputs to this process and are processed by e-Science infrastructure staffs (also 
known as user support employees) with the help of tools and methods (whether auto-
mated or manual) to service the incoming user-requests, thus meeting the user support 
needs. However, support staffs in climate e-Science infrastructures, have also other 
tasks to be done, for instance; programming, strategic planning, node administration 
and others, apart from servicing end-user requests. This process of operating, main-
taining and further expanding the infrastructure, including its data, is iterative in na-
ture as the nature of support in e-Science infrastructure projects. The user support is 
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offered in the form of self-help via support websites, online tutorials, wikis or contact-
ing an expert in the form of traditional help-desk [1], [2] and service-desk [3–5]. 

In this paper, the environmental complexity within the contemporary user support 
practices of a well-known climate science e-Science infrastructure known as Earth 
System Grid Federation (ESGF) is presented. The paper then presents the critique of 
the current user support process in ESGF and finally emphasizes on the need to 
streamline user-support in e-infrastructures. Moreover, the paper puts forward a rec-
ommendation to involve human resources as human support agents from research 
institutes in the developing countries as a part of remedy to help user support activi-
ties in ESGF. The rest of the paper is organized as follows: Section 2 describes the 
work related to e-Science and user support discipline. Before describing the organiza-
tion of ESGF and its effects on the user support process in section 4; research metho-
dology is explained in section 3. Finally, section 5 describes the critique of the current 
user support, followed by conclusion and discussion in section 6 and 7.  

2 Related Work 

The related work in this paper can be distributed into three sub-sections: e-science, 
user support, and user support in e-Science discipline. 

2.1 e-Science 

e-Science infrastructures have been widely deployed to access and share the know-
ledge, data, computing resources and even human resources to facilitate intra and 
inter-disciplinary research [6], [7]. There are different names associated to the concept 
of e-Science. The same concept is popularly known as “e-Science” in Europe and 
“cyber-infrastructures” in the US. Other names include e-Research, collaboratories, 
virtual science and Big Data Science [7].  

In e-Science infrastructures, as more and more effort is being invested in improv-
ing the grid-based technologies like anatomy of data-grid [8], development of mid-
dleware, storage of data in grid [7] and socio-structural aspects of e-Science for  
instance “Virtual Organisations” (VOs), CWE (Collaborative Work Environments), 
VRE (Virtual Research Environments) [9]; the development in user support is being 
offered on intuitive basis with a focus on technology oriented methods that dominate 
the field [10–13]. The organization of user support is mainly based on the past expe-
rience, without studying and exploring the factors such as; nature of e-Science infra-
structural domains, data application, scientific concerns, consideration of end-user 
and support staff requirements [14].  

2.2 User Support (a.k.a. Help Desk)  

User support in IT industry is known to be started in early 1980’s with the first “help 
desk” (HD) that had only a desk, a pen and a telephone used by human support agent  
[1], [15].  User support allows users to contact support staffs to address particular 
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problem of a user [5]. Service desk is the concept that combined service management 
studies with the traditional customer support studies that used the term “help-desk” 
[12]. Until now there are different versions of business service frameworks such as IT 
Information Library (ITIL) that provides “best practice guidelines” for servicing end-
users and customers especially in the commercial corporations and companies locally 
and globally [16], [17]. Some of these frameworks have been modified and adapted to 
academic setups such as universities [10], [17] or to governmental administrative 
bodies [12]. However, these frameworks have yet not been applied to the field of e-
Science infrastructures and few studies address the issue of improving user support 
process of supporting users, keeping economic and human resource factors under 
control as well as fulfilling the expectations of all the stakeholders. Studying ESGF 
user support as a use case will contribute to the “service desk” or “customer services” 
concept in distributed, research oriented, non-commercial environments. 

2.3 Defining User Support in e-Science Infrastructures  

After examining the notion of user support and e-Science infrastructure individually, 
the user-support process in e-Science infrastructure can be defined as: The user-
support process in e-Science is an operational process that serves the end-users of e-
Science infrastructure in achieving their goals. The user-requests initiated by users are 
the inputs to this process and these user-requests are processed or transformed by user 
support staff with the help of tools and methods to provide solutions. Hence, meeting 
the user support needs. This process is iterative in nature as the nature of support in e-
Science projects. The end-user support process is an example of a process. The envi-
ronment is e-Science infrastructures. The mission of this process is servicing and 
satisfying end-users (of e-Science infrastructures) incoming queries. The constraints 
are user-support times, support staffs, financial resources, supporting technologies 
and interfaces.  The resources are support staffs team and the support tools. The in-
puts are user requests / problems. The transformation is to understand the user-
requests and provide a solution. The product is end-user support framework that  
|provides solutions to the users.  

Although lots of work has already been invested in the e-Science projects to form 
and operate a working user-support in e-Science infrastructures, yet there is a need to 
standardize and systematize user support.  This study, through the first empirical 
investigation of end-user support process in e-Science infrastructure of climate do-
main, is aimed to fill this knowledge gap by providing a framework for understanding 
practices in e-Science in general and in climate science in particular. In this paper the 
elements of organizational structure of a climate e-Science infrastructure, ESGF, is 
presented. 

3 Research Methodology 

Case study research is used to depict the current user support practices in e-Science 
infrastructures [18]. Data collection methods are participatory observation, interview-
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ing, archival analysis, and survey. Triangulating the result is useful to understand the 
current processes from different angles.  

10 Interviews, from ESGF and C3Grid1 e-Science infrastructures having different 
backgrounds and roles, are used to explore the current state and to understand the 
potential weakness in the current system. Participatory observation comes to achieve 
more understanding to the current processes.  

Finally, questionnaire is used to describe the current operations of the support sys-
tem. Online questionnaire was the method chosen among other methods for this sur-
vey since it is quicker, automated and supports complete anonymity of participants 
[18]. Questionnaire consists of 43 questions. Out of 36 responses received only 25 
responses were useful.  Despite small sample size of the respondents, it is a signifi-
cant proportion of the whole targeted population in this case. 

4 Organization and Governance of ESGF 

In ESGF, software development and project management are done by different insti-
tutions that are project partners e.g. LLNL2 (leading partner), BADC3, DKRZ4, 
ANU5 and others. The model of an organizational structure of ESGF is shown in 
figure 1. In the figure, each symbol depicts an entity, having a specific function which 
is part of a climate e-Science infrastructure organization. The number of each entity 
may vary from time to time within a particular e-Science infrastructure and from  
infrastructure to infrastructure in e-Science, thus, creating a dynamic and complex 
environment. The institutions form the executive part of ESGF headed by principal 
investigators, technical team leads and the technical development team. An entity 
representing principal investigator is represented as a rectangle in the figure 1. Simi-
larly, an entity representing a technical team lead including the technical team is 
represented as a diamond shaped notation in the figure 1. Each of the principal inves-
tigators may head different technical teams. There can be many principal investigators 
from different continents carrying diverse tasks. The executive part of ESGF is re-
sponsible for setting the strategic direction and overseeing technical activities of the 
project. The ESGF technical and maintenance teams are known as administrative 
bodies. Administrative bodies are a bit different to the concept of administrative do-
mains6 in such a way that the former includes human resources. Administrative bo-
dies are distributed in Asia, Australia, North America and Europe. Moreover, the 
forthcoming teams from South America and Africa will be joining soon. Each of 
these administrative bodies manages one or more nodes. In order to form a distributed 

                                                           
1  Climate Collaborative Community data and processing grid project. 
2  Lawrence Livermore National Laboratory, USA. 
3  British Atmospheric Data Center, UK. 
4  German Climate Computing Center, Germany. 
5  Australian National University, Australia. 
6  A collection of hardware such as computers, databases, networks and other instruments 

under a common administration thus sharing common policies. 
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control, the nodes collaborate with other nodes to form a peer-to-peer (P2P) system 
not only technically but also socially, institutionally and administratively. 

The sponsors are represented at the top of the figure 1. In ESGF, sponsors include 
DOE7 (main funder), European Commission (EC) and others. For the ESGF opera-
tions there are tens of data centers around the globe that are working on data projects 
represented in the form of an oval in figure 1. The data projects vary in their nature 
and thematic area within the climate science domain. These data projects are known 
as data holdings. It is expected that in future the ESGF data archive system will serve 
the data holdings from the domains other than climate science as well [19]. CMIP58 
is an example of one of the main projects of ESGF being served by ESGF data arc-
hive system represented in the form of a cylinder, in the figure 1. From CMIP5, data 
has been used to generate IPCC AR59 report on the basis of which political decisions 
are made. Looking at the history of ESGF, one can predict that in future the data hold-
ings will keep on increasing. If users have specific queries about these data holdings 
then climate specialists are needed to be consulted. This implies that users need to 
have contact details of persons who can provide guidelines about scientific questions. 
Entertaining scientific queries is currently not an explicit part of the user support  
system in ESGF.  

A node (represented in the figure 1, at the bottom) may have four different roles or 
flavors within itself as stated by Cinquini et al. [20]. These flavors are shown by the 
words “Data, Gateway, Security and Compute” attached to each node (see bottom 
part of the figure 1). The nodes including their respective flavors are managed by a 
particular team in an administrative body at a particular location in the world. “Data” 
stands for data holdings hosted by a node (also known as data node). A number at-
tached the word “Data”, for instance (or any of the four words mentioned before) 
represents the number of data nodes being hosted and maintained by a single adminis-
trative body. For example, if there is a label “3Data” it means that there are three data 
nodes which are managed by a particular administrative body. Every node has at least 
a data holding(s) part or flavor in it, by default. Additionally, a node may have a ga-
teway “Gateway”, a security set-up “Security” and a compute facility “Compute” as 
shown in the figure 1. A gateway is responsible for representing the data sets availa-
ble in ESGF system to a user via user interface (UI) to interact with the system. 

In ESGF terminology a security part of a node is also known as an identity provid-
er “IdP”. Security part of a node is responsible for registration, identification and 
authorization of a user to ensure that a user is a valid entity who is entitled to access 
data sets available in the ESGF system. A user accesses a data-set(s) hosted by the 
ESGF system via its UI “Gateway” from any ESGF node via single-sign on (SSO)10. 
The compute part of node is responsible for computing and visualization in ESGF via 
High Performance Computers (HPC) in a particular administrative body. The sub-
systems or system components in ESGF are distributed worldwide. The behaviour of 
                                                           
7  Department Of Energy, USA. 
8  Coupled Model Intercomparison Project – phase 5. 
9  Intergovernmental Panel on Climate Change-Fifth Assessment Report. 
10  SSO facilitates a user to access multiple nodes without providing identification keys (e.g. a 

certificate) to each node separately. 
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each component effect each other and the user support system as well. For instance; 
the network topology of the ESGF P2P network directly influences its management 
and administration structure.  

 

 
Fig. 1. e-Science infrastructure organization model in climate science domain and its elements 

ESGF is stated as: “The Earth System Grid Federation (ESGF) is a multi‐agency, 
international collaboration of people and institutions working together to build an 
open source software infrastructure for the management and analysis of Earth Science 
data on a global scale.” [21] However, in this ESGF definition, user support services 
are not explicitly made part of the definition of ESGF. Keeping the anatomy of ESGF 
P2P data archive system in view, the user support system of ESGF has its sub-units. 
Though these sub-units are not formally designated as support units within adminis-
trative bodies, the support units are implicitly part of administrative bodies. Conse-
quently, from the geographically distributed organization of ESGF P2P network, it is 
understandable that each and every administrative domain has its own practices of 
handling user-requests. This observation is also evident from the qualitative cum 
quantitative inquiry into the user support practices of ESGF undertaken by the au-
thors. The diversity of practices in handling user queries by the user support staff, 
who themselves are developers of the ESGF system, form different support structures 
and models in each of the administrative domains, hence making a heterogeneous user 
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support process. Subsequently, the user support system in ESGF does not comply 
with any set standards of processing user support requests. 

From the figure 1, one can anticipate that the numbers of administrative bodies 
(principal investigation institutions plus developing teams of ESGF), data holdings, 
ESGF users, ESGF staffs participating in ESGF P2P system are subject to increase. 
Additionally, the role of an administrative body and its attached node(s) is subject to 
change, therefore this whole ESGF set-up is a complex, dynamic and evolving in 
nature. In ESGF system there is a continuous architecture re-design activities, soft-
ware development, hardware changes, data publishing, data curation, data quality 
check and other activities. Attached to these core operational activities is the necessity 
of the user support activities that cannot be ignored. A dynamic and an ever-evolving 
infrastructure need a dynamic user support “service desk.” Therefore, e-Science is 
likely to be confronted with demanding issues of long-term and continuity of service, 
particularly related to user support services which is quite similar to data curation and 
software development. 

5 Critique 

From the survey, the current user support model and organization of the current sup-
port process in climate e-Science infrastructure (ESGF) is not uniform. Therefore, it is 
vital to decide between centralized and de-centralized user support model. There are 
advantages and disadvantages associated to both of the models; however in user-
support in general, centralized model is preferred because of single point of contact 
(SPOC) [22]. It is important to bring uniformity in the current user support process in 
climate e-Science infrastructure (ESGF). It is interesting to note that due to distributed 
nature of e-Science, the user support model is also distributed.  

Very few (18%) support structures in administrative bodies rely on e-support or 
self-help. e-support is not much in practice in climate e-Science infrastructures. The 
reason for this is partly the distributed information on the websites as well as in the 
Wikis which is not completely known to users. On top of this, the information is not 
updated regularly. e-support should be promoted in climate e-Science projects. A 
practice should be followed that the users before writing to the help desk, try to get e-
support by looking at the associated web sites and Wikis at first, to locate the relevant 
information. 

The update of user-support information on the user support portal(s) should be 
made regular. A Service Level Agreement (SLA) can be suggested, where the con-
cerned support staff updates the information regularly. The information can be 
checked by other support staff or a usability expert to make sure that these communi-
cation materials are accessible, easy to grasp and are understandable. Since there is no 
standardized classification into levels of escalation such as Second Level Support 
(SLS) and First Level Support (FLS); it is important to develop a norm.  A support 
unit must stick to a particular global norm or a standard that may be introduced in the 
support structure of climate science e-Science infrastructures.  

An effort could be made to reduce the time of personal response by introducing 
FLS employees covering various time-zones. For example, if a user has forwarded a 
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request in Europe then it is vital to reply him/her from a support staff working within 
European time-zones. The greater the time of personal response, the lesser would be 
the efficiency of support process and the lesser would be the satisfaction of users. An 
flexible SLA or a quasi-SLA can be introduced in this case where up to 1 (working) 
day at maximum could be set as a standard i.e. the maximum time for personal reply. 
In case a concerned support staff is not available (e.g. on holidays etc.) then ersatz or 
substitute support staff should be available to service the user-requests in each support 
unit. This is very much appropriate in terms of showing empathy (building customer 
confidence in the support process) to the end-user because end-user might get  
frustrated if s/he does not get a personal reply. 

Majority of ESGF employees who do user support (almost 80%) do not use auto-
matic reply mechanism. It is important (in case of a request tracking system) to use 
automatic reply mechanism. The automatic reply should preferably look like a perso-
nalized message and not a machine response. The support process will improve if the 
reply time between support staff (e.g. between first and second level support staff) can 
be reduced. This can be achieved by an agreement or introducing a SLA for delegated 
response. A standard is needed to be defined and the support staffs who receive the 
delegated user-request might follow the SLA or an agreement. This will improve a 
delegated response time. 

It is important to get the suggestions from users and encourage their participation 
for a number of reasons: Firstly, their feedback can improve the support process. Se-
condly, one can get an insight into their level of satisfaction. Thirdly, they may rate 
the solution suggested by the support staff. Finally, since the number of users is not so 
high, a personal interaction may create mutual trust, empathy and better relationship 
amongst end-users and the support staff. 

Most of the support staffs (80%) do not collect user statistics and user request sta-
tistics. It is important to collect user-statistics to know:  

• The users-base (coming from different continents).  
• To be able to measure the overall user satisfaction.  
• It is important to have statistics in order to measure total number of incoming re-

quests versus resolved requests.  
• It is important to try different suggestions to solve similar problem to find out a 

better solution etc. And to archive these solutions.  

The first author has experienced from his participatory observation and meetings with 
other support staff that, at the moment in e-Science projects, in the support process 
both “Mailing Lists” (ML) and “Request Tracking tools” (RT) are used in parallel. 
According to ESGF support staff they need mix of mailing list’s features and request 
tracking tool’s features, mostly advantages of both. Therefore, in e-Science support 
process it is important to decide whether to use either RT or ML or a combination of 
both. An investigation should be done in this area to get a further opinion of the e-
Science support staff and end-users to find out that which communication media is 
viable in e-Science projects of climate science. 

It is important to note that there is no involvement of pure domain scientists in the 
user support process. It is significant to have a collaboration and exchange or sharing 
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of knowledge between technical experts and pure scientific experts (also known as 
domain experts). Therefore, there is a need to incorporate scientific experts. 

Since there are no dedicated user support employees, the employees of ESGF per-
form other activities parallel to supporting users. These activities affect support activi-
ty or vice versa, therefore it is important to have a dedicated support staff, preferably 
not as advanced as the current one. For instance, in ESGF top computer scientist are 
handling the simple and routine user queries. Simple and routine user queries may 
only be handled by FLS. People from developing countries may be employed to han-
dle simple and routine queries. For the SLS, a norm can be created where a standard 
could be set in future where a support staff have to plan or reserve part of his/her time 
as a quota for user support activity. Some priority, recognition or value should be 
assigned to the user-support time in a working day where one can give as much or 
more credit to the support activity performed by the user-support staff as other activi-
ties that the support staff may perform in parallel. It is important to keep support ac-
tivity productive and alive. It must be ensured by the support staff that all user queries 
are addressed properly. 

6 Discussion 

From the organization of ESGF e-Science infrastructure and the survey results one 
can say that the staffs who are involved in user-support process are over qualified to 
undertake first-level support activities which can be categorized as simple and rou-
tine. The employees of ESGF may rather be used as specialist for SLS or more levels 
of user support escalations. The (user-support) process owners who are active human 
support agents in different parts of the world may be nominated by the executive 
committee of ESGF from key institutes may recruit and educate the user support staff 
that may be engaged at the first line of user support as FLS preferably from climate 
computing institutes or universities in developing countries. The service provided by 
human support agents will not only be economical but also good for developing coun-
tries to not only promote the use of cyber-infrastructure of a particular in the local 
research arena of a developing country but also to introduce it in university curricula 
within developing countries. The training of the FLS staff from training countries may 
be done by the key process owners of the user staff by online sessions and develop-
ment of instructive guidelines. As there is an upsurge in user queries with the passage 
of time due to inclusion of new data projects and increase of users of ESGF, it is  
important to start an initiative at this stage. 

The technical and intellectual capacities in the developing countries are immense 
as already demonstrated by some of high-tech initiatives started there. For instance, 
formed more than a decade ago, National Database and Registration Authority 
(NADRA) is a high-tech initiative in Pakistan that proves advancement in IT sector 
and capability to develop high-tech solutions [23]. Moreover, for the people who 
reside in a particular region (urban or rural) in developing countries, an adaptive user 
interface (UI) can be designed that would fit the cultural background, language and 
interface expectation. Doing so may make it easier for them to get access to data-sets 
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offered by a e-Science infrastructure as well as to get self-help or e-support. A UI can 
be created by the group of people who will be local human support agents after doing 
research. Furthermore, the time zones can be covered too, by allocating FLS at differ-
ent time-zones. Outsourcing of parts of software of an e-Science infrastructure may be 
engineered in some developing countries economically and effectively. 

7 Conclusion 

In this study, it is evident from the observations that the user support within e-Science 
infrastructures in climate science is not being paid attention to and use support needs 
to be redefined within a complex and dynamic nature of e-Science infrastructures. In 
climate e-Science infrastructure there is no position of dedicated user support manag-
er. The staffs of e-Science infrastructure are doing other activities apart from user 
support activities. The employees of e-Science infrastructure in climate domain, who 
are top computer scientists, are handling simple and routine user enquires. Handling 
of simple and routine user enquires might be economical to transfer to the institutes in 
developing countries care of by the staffs of e-Science infrastructure; once the  
e-Science support process in climate science and other domains is systematized. Cur-
rently, the authors are working on a conceptual model to systematize and standardize 
e-Science use support system in the climate domain. In this paper, a generalized or-
ganization structure of e-Science infrastructure, at least in climate domain but not 
limited to it, is presented. In the future, the authors will observe the effectiveness of 
transferring front line user support units to various institutes in developing countries.  

Acknowledgement. We appreciate the sincere support of DKRZ and ESGF col-
leagues Dean Williams, Stephan Kindermann and others, including users who took 
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