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Abstract. Tackling some of the grand global challenges, agro-environmental
research has turned more and more into an international venture, where dis-
tributed research teams work together to solve complex research questions.
Moreover, the interdisciplinary character of these challenges requires that a large
diversity of different data sources and information is combined in new, inno-
vative ways. There is a pressing need to support researchers with environments
that allow them to efficiently work together and co-develop research. As
research is often data-intensive, and big data becomes a common part of a lot of
research, such environments should also offer the resources, tools and work-
flows that allow to process data at scale if needed. Virtual research environments
(VRE), which combine working in the Cloud, with collaborative functions and
state of the art data science tools, can be a potential solution. In the H2020
AGINFRA+ project, the usability of the VREs has been explored for use cases
around agro-climatic modelling. The implemented pilot application for crop
growth modelling has successfully shown that VREs can support distributed
research teams in co-development, helps them to adopt open science and that the
VRE’s cloud computing facilities allow large scale modelling applications.
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1 Introduction

Agro-environmental research is highly interdisciplinary, and therefore researchers in
the field are generally accustomed to linking with and working together with peers over
different scientific domains. However, todays research challenges as captured for
instance in the Sustainable Development Goals [1] or in the EU’s societal challenges
[2] require new approaches, that take advantage of data science and open science
practices when combining even more cross-sectoral and cross-discipline knowledge,
information and data. Lokers et al. [3] state that recent trends like (1) broadening policy
and decision contexts for research; (2) the attention to open data as a public good
resource; (3) the tremendous growth of the amount of data available for science and
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(4) the massive increase in computational resources, and better availability and
accessibility of them, as well as of data storage in the Cloud, have greatly increased the
opportunities for data science to use big data. In Europe, the EC has recognized these
trends and has taken action by establishing the European Open Science Cloud (EOSC)
[4], which aims to provide researchers better access to high performance distributed
compute and storage resources and to better facilities to share their data and tools with
the research community in the large.

At present, a lot of research is still carried out in relatively closed communities, with
data and knowledge being used and reused in a limited way, among a fairly small
network of trusted peers. In operational (data) science, addressing societal challenges
and innovating on a global scale usually requires collaboration between multidisci-
plinary teams. To advance interdisciplinary science and adopt data science and its many
opportunities, researchers from different domains and knowledge networks will have to
connect, collaborate and co-develop more intensely and on a larger scale than ever
before. This can be achieved through the establishment of collaborative, cloud based
working environments that enable remote groups to work together efficiently as a team.
Such environments use state-of-the-art ICTs to develop, share and reuse resources and to
comply with the requirement to publish and process heterogeneous big data resources.
Virtual research environments, offering cloud based facilities for collaboration, social
interaction and a range of facilities for performing data science, e.g. data discovery and
data sharing, data wrangling, distributed computing facilities and visualization, are
aiming at providing such environments. In the H2020 AGINFRA+ project, agri-
environmental researchers from different domains, infrastructure experts and software
developers work together to co-develop a VRE that supports agro-environmental data
science and implements typical agri-food and agri-environmental use cases.

2 Virtual Research Environments

In recent years, many infrastructures, science gateways and VREs have been developed,
tested and used in scientific practice. Science gateways, virtual laboratories and virtual
research environments are all terms used to refer to community-developed digital
environments that are designed to meet a set of needs for a research community [5].
Specifically, they refer to integrated access to research community resources including
software, data, collaboration tools, workflows, instrumentation and high-performance
computing, usually via Web and mobile applications. Such infrastructures support
researchers with a tremendous range of different functions. Ahmed et al. [6] examined a
large amount of VREs and found them to be most commonly characterized by ICTs that
support communities and that allow posting and transferring information, with tools like
Databases, Instruments and Computational ICTs being much less common (but also
important for more substantive types of VREs). They also found that community ICTs
in these VREs were almost entirely dedicated to providing one-way transmission of
information and that interactive tools such as chat systems and conferencing systems are
almost never incorporated in VREs. Application of VREs can be found over various
thematic areas. Zuiderwijk et al. [7, 8] describe multidisciplinary VRE requirements for
the use of data coming from governments and publicly-funded research organizations.
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They show how meeting these requirements results in a VRE that (1) overlays existing
e-Research Infrastructures to provide researchers with integrated open data from dif-
ferent domains, (2) offers Open Government Data in combination with data from
publicly-funded research, and (3) stimulates innovation and research collaboration.

In the context of the H2020 AGINFRA+ project it was decided to follow the system
of systems approach [9] to develop a comprehensive platform enacting to set up and
operate several Virtual Research Environments with the as-a-Service delivery model.
This platform is implemented by assigning a pivotal role to the D4Science infras-
tructure and blending together “resources” from “domain agnostic” service providers
(e.g. D4Science [10], EGI [11], OpenAIRE [12]) as well as from community-specific
ones (e.g. AgroDataCube [13], AGROVOC [14], RAKIP model repository [15]) to
build a unifying space where the aggregated resources can be exploited via VREs [16].
The resulting platform is depicted in Fig. 1, described in [17] and made available
through a dedicated gateway1.

The D4Science is at the heart of the overall platform, offering core services
including (a) the AGINFRA+ gateway, realising the single access point to the rest of
the platform; (b) the authentication and authorisation infrastructure, enabling users to
seamlessly access the aggregated services once managed to log in the gateway; (c) the
shared workspace, for storing, organising and sharing any version of a research arte-
fact, including dataset and model implementation; (d) the social networking area
enabling collaborative and open discussions on any topic and disseminating informa-
tion of interest for the community, e.g. the availability of a research outcome; (e) the
overall catalogue recording the assets worth being published thus to make it possible
for others to be informed and make use of these assets. Most importantly, it offers the
facilities for setting up and operating Virtual Research Environments.

These basic facilities for virtual research are complemented by services for the
semantic-oriented management of data, data analytics, data visualization, and pub-
lishing [17].

Fig. 1. The AGINFRA+ platform architecture

1 AGINFRA Gateway https://aginfra.d4science.org/.
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3 Virtual Research for Agro-Climatic Modelling
in AGINFRA+

3.1 AGINFRA+ and the Agro-Climatic User Community

AGINFRA+ aims at using VREs to bring open science forward in agri-food research.
The AGINFRA+ initiative serves a range of scientific user communities in the agri-food
domain and implements and evaluates virtual research supported pilots in a variety of
use cases that are relevant for these communities. One of the target communities for
AGINFRA+ is the agro-climatic modelling community. This group of researchers
focusses on developing and calibrating agro-environmental models and algorithms and
applying these in research in the agro-environmental and food security domains. They
use a variety of agro-environmental data, for instance agronomic data (like crop
parameters, crop calendars etc.), weather and climate data, soil data, remote sensing data
to determine the behavior and development of crops under different conditions.
Applications differ considerably depending on the focus of the involved researchers and
practitioners. However, some specific characteristics are particularly crucial for the work
of this community. First, data used is generally highly heterogeneous, coming from a
variety of sources and implementing different standards. Moreover, it is common that at
least part of it concerns spatiotemporal information and thus specific analytics tools are
required that can handle such data. For larger scale applications, for instance for
assessments of larger geographical regions on high spatiotemporal resolutions that need
to be finalized within time requirements, commonly used computing environments
(such as laptops and single desktop computers or isolated modelling servers) might
deliver insufficient resources. In such cases, parallel and/or distributed computing
facilities can be considered to improve overall computing power.

To be able to cope better with such new challenges, the agro-climatic modelling use
case in AGINFRA+ focuses on harnessing large scale modelling exercises, requiring
substantial computing resources. The network of distributed computing resources is
used to run such models in a performant manner, using distributed and parallel com-
puting techniques. Besides, it exploits the typical open science related characteristics of
the D4Science environment. Collaborative modelling, where teams of researchers work
together to first develop and test models in literate programming environments and then
deploy and openly share the developed algorithms can be an important step towards
open science. In that way, complying with FAIR principles exceeds the level of only
data sharing and reuse and adds the FAIR publication of data science algorithms.

3.2 Use Case – Crop Growth Modelling

One of the AGINFRA+ use cases that was explored and for which typical research
applications were implemented and deployed into a VRE, with the aim to demonstrate
and evaluate the usability for users of the agro-climatic modelling community, is crop
growth modelling. Simulations using crop growth models are one of the important
components in yield forecasting, used frequently in food security research and related
research areas. Currently, the application of crop growth models is often still limited by
the available computing resources. The application piloted in AGINFRA+ , applying
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European or global scale crop simulations on the detailed level of agricultural parcels is
currently too demanding for many existing research infrastructures in the field. To meet
the requirements for such large scale, high-resolution crop growth modelling exercises,
the following facilities are indispensable: efficient retrieval of spatiotemporal data
streams, spatiotemporal data wrangling and data processing, running models at scale
using distributed computing resources and parallel technologies computing, and intu-
itive spatiotemporal visualization.

In the AGINFRA+ crop growth modelling use case, the preprocessing of spa-
tiotemporal data is an integral part of the AgroDataCube infrastructure. This infras-
tructure provides Dutch agricultural open data as a service to research and business.
The AgroDataCube ingests and merges different spatiotemporal data streams that are
relevant for agricultural and environmental applications (among others weather data,
agronomic data, parcel geometries, Sentinel-2 satellite data, and soil data). It provides a
set of well-documented, ready to use REST services that allow retrieval of the merged
data on the parcel level in usable packages and a standardized format (GeoJSON). To
cope with the requirement to scale up simulations, the widely used WOFOST crop
growth simulation model [18] was embedded into a distributed computing framework
that facilitates the distribution of computing jobs over a compute cluster. The resulting
modules have been integrated into the VRE as DataMiner algorithms [19], and were
published, using the D4Science catalogue service, to make them discoverable and
reusable as FAIR algorithms for the whole community. As the requirements for spa-
tiotemporal visualization in this use case were high, a dedicated visualization dash-
board, developed on the basis of various VRE components, was developed (see Fig. 2).

Fig. 2. AGINFRA+ crop growth modelling dashboard
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For visual inspections, the dashboard allows geo-spatial and temporal visualization
of the various data services provided through the AgroDataCube services that are input
to the crop growth simulations. Moreover, it offers its users the opportunity to manually
search for, and select a specific agricultural parcel and initiate a WOFOST crop sim-
ulation by executing the VRE DataMiner algorithm using input data based on the
selected field.

Generated simulation results are stored on the VRE’s shared workspace, and the
simulated parameters can be visualized as graphs and can be compared and analyzed
side by side with the used input data. After being tested and quality checked, the
developed models and algorithms and the generated output data can be shared with the
broader user community, by publishing them through the VRE’s catalogue service.
Thus, the VRE is complying with the requirements of FAIR data services and open
science in general, adding to that the opportunity to also share algorithms and models
in a FAIR manner.

4 Conclusions and Recommendations

AGINFRA+ has explored the usability of the VRE core services and building blocks
offered through the D4Science platform for different scientific communities in the agri-
food domain, by implementing a range of open science use cases that are typical for the
agri-food research community. To demonstrate its value for the agro-climatic mod-
elling community, AGINFRA+ has developed and deployed a pilot application around
crop growth modelling, showing how large scale, high resolution crop growth mod-
elling can be implemented by means of a VRE and its underlying core features for
collaboration, computing, visualization and publication. The pilot successfully
demonstrates how the D4Science infrastructure and the services deployed in the
AGINFRA+ VRE can be used by distributed research teams to co-develop modelling
workflows. It also shows that the offered cloud based computing and storage tech-
nologies are suited to efficiently scale up crop growth modelling, for larger geographic
regions and on high-resolution parcel level. While the pilot demonstrates this specifi-
cally for the WOFOST model, the developed demonstrator can be used as a template to
achieve similar results with many models in the agri-environmental and other domains.

Currently AGINFRA+ is trialing its use cases with a group of potential end users
from its communities, allowing them to work with the developed pilots and to test and
evaluate them on various criteria: ease of use, usefulness, openness, FAIRness and
learning curve. The results of these evaluations will be used to further improve the
developed tools and the underlying VRE services.
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