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Introduction

The GEOEssential toolbox is the solution developed within the project to generate indicators useful
in the retrieval of EVs. The solution adopted is based on the CNR Virtual Laboratory (VLab). This
platform is specially designed for generating knowledge targeted to policy-makers (EVs, indicators
and indices) from open and interoperable access to data by running workflows. This was not
specifically foreseen in the DoA, but it has been proved the most suitable one as provides publishing,
harmonized discovery, access and visualization of resources together with the running workflows and
the user interaction through GUI (Portal) and APIs. GEOEssential also benefits from the fact that CNR,
developers of the VLab, are partners of the project and main responsible of this task. Moreover, VLab
was utilized in several GEOSS Platform demonstrations and proofs of concepts, including the last
EuroGEOSS Sprint to Ministerial activity which was presented at the last GEO-XVI Plenary meeting in
Canberra. The VLab solution will allow to connect the workflow results to the GEOEssential
Dashboard (more details on this connection will be described on D7.5 GEOEssential Dashboard and
report).

This deliverable consists in a complete description on the VLab platform technology and a brief
explanation of its applicability within GEOEssential on land degradation indicators (more details on
showcases will be shown in D7.4 EVs and policy indicators toolbox).

VLab solution

The Virtual Laboratory solution (VLab) (Santoro, Mazzetti and Nativi 2019) was conceived to work in
the data-to-knowledge framework defined in GEOEssential D1.1 (Mazzetti, Santoro i Nativi 2018),
supporting the knowledge generation process depicted in Figure 1.

) ) Policy (SDGIGoaAls,
EO & Socio-economic Data INTERNATIONAL TREATIES)

Essential Indicators
Vorlobles/ indices  /

Data Information Knowledge Wisdom

Figure 1. The GEOEssential general scenario: from Data to Knowledge. Source: (Mazzetti, Santoro i Nativi 2018)

The process adopts a step-by-step approach for implementing a data-to-knowledge transition: a set
of EVs is generated from observational data (i.e. EO and socio-economic data); the generated EVs are
then further processed, generating one or more indicators which capture the state of investigated
phenomenon. Such indicators can be used by decision makers to assess the fulfilment of a specific
policy goal by comparing them with one or more policy targets ( (Lehmann, et al. 2019); (Nativi,
Santoro, et al. 2019)).
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A key role in the above process is played by environmental models and workflows, which are used
for generating both EVs and indicators. VLab is a cloud-based platform aiming to support the activity
of environmental scientists in sharing and re-using their models/workflows specifically addressing
the Science-to-Information Technology barrier (Santoro, Nativi i Mazzetti 2016). The main challenges
addressed by VLab are:

e Minimization of interoperability requirements in the process of model sharing (i.e. to simplify
as much as possible the process of publishing and sharing a model for model developers).

e Support multiple programming languages and environments (it must be possible porting
models developed in different programming languages and which use an arbitrary set of
libraries).
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Figure 2. Figure 2 - VLab High-level Overview

Figure 2 depicts a high-level overview of VLab architecture. In brief, VLab must be able to: access the
source code of a model, transfer the code to a computing platform, access the required input data
and ingest it into the model execution environment, run the model on the computing platform and
finally save the generated output data. To implement its business logic, VLab utilizes different
resource types (data, source code and computing platforms) which are made available on the Web
by external providers. As far as data, VLab exploits the brokering technology provided by the GEO
DAB (S. Nativi, P. Mazzetti, et al. 2015) in order to be able to discover and access the required data
for the model execution. As far as, model source code, VLab utilizes the Docker technology to support
multiple programming languages and execution environments in different cloud platforms. Finally,
as far as computing platforms, VLab can run on multiple clouds including: Amazon Web Service
(AWS), Copernicus DIAS (ONDA, Sobloo, Creodias) and the European Open Science Cloud (EOSC).
VLab addresses three different types of users:

e Modelers: providers of a model; they can use VLab to publish and share a model.

e Application developers: they use VLab RESTful APIs to develop a web application based on
VLab available models.

GEOEssential Variables workFflows for resource efficiency and environmental management m
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o End users: they access VLab-enabled web applications to run models available on VLab and
visualize/download the results.

Publishing a Model

The model publication procedure is the following:

(i) Share the model source through a code sharing tool (e.g. GitHub?);
(ii) share a docker image for the model execution; and
(iii) provide the VLab convention files.

This procedure is documented online? along with an “end to end” example which modelers can use
to publish and execute a simple model on VLab.

A simple web application (Figure 3) has been developed for modelers to simplify the model
publication procedure. This web application is available at https://vlab.geodab.org/.

Mattia Santoro &
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Figure 3. VLab Web Application for Model Publication, Sharing and Testing

1 https://github.com/
2 https://confluence.geodab.eu/pages/viewpage.action?pageld=16580641

GEOEssential Variables workFflows for resource efficiency and environmental management
HORIZON 2020 — ERA-PLANET the European network for observing our changing planet



6

e SSENTIAL

[ ERA-PLANET ]

Currently, about 20 models have been published on VLab and are publicly accessible. As far as
programming languages, the following are utilized by the available models: Python, R3, FORTRAN,
NetLogo?, Matlab®, NCL®.

VLab APIs

VLab pusblishes RESTful APIs which are utilized by client applications for end users. The VLab APIs
allow to:

e Validate an existing source code repository for its use in VLab platform;
e Publish a new model from a valid source code repository;

e Discover available models/workflows along with their description, both in text and BPMN
(OMG, 2011) formats;

e Execute available models, utilizing different cloud platforms for the execution.

VLab APIs are documented online at http://vlabapi.geodab.org/.

Besides the VLab web application for model publication and testing (Error! Reference source not
found.), VLab APIs are utilized by the GEOEssential dashboard. At the moment, the GEOEssential
dashboard utilizes VLab APIs to retrieve the output of the executed models. Next developments will
enhance the interaction with the GEOEssential dashboard to allow users to request the execution of
the models directly from the GEOEssential dashboard.

Showcase on land degradation

The showcase presented here is based on land degradation to derive SDG 15.3.1 indicator. Through
some input indicators/EVs and the workflow executed in the VLab, 4 main outputs are obtained to
monitor land degradation and try to achieve land degradation neutrality (LDN) considered as the
state whereby the amount and quality of land resources remains stable or increases within specified
temporal and spatial scales (Gonzalez-Roglich, et al. 2019).

Indicator calculation

Land degradation is defined by the United Nations as “the reduction or loss of the biological or
economic productivity and complexity of rain fed cropland, irrigated cropland, or range, pasture,
forest and woodlands resulting from a combination of pressures, including land use and management
practices” (United Nations Statistical Division 2018). Total land area is the total country area without
considering inland waters surfaces (e.g., major rivers and lakes). It is expressed in hectares or km?.
The indicator represents the portion, in percentage, of degraded land over total land area, derived
from a binary classification of land condition (i.e., degraded or not degraded) measured by three sub-
indicators:

3 https://www.r-project.org

4 https://ccl.northwestern.edu/netlogo/

5 https://mathworks.com/products/matlab.html
6 https://www.ncl.ucar.edu

GEOEssential Variables workFflows for resource efficiency and environmental management m
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(1) Land cover and land cover changes, to determine the possible diminution of ecosystem
services that are valuable in a local or national context ( (Burkhard, et al. 2009); (Ban, Gong i
Gini 2015); (Andrew, Wulder i Nelson 2014)).

(2) Land productivity trends, to assess land productive capacity and health changes. It can
indicate changes in ecosystem functioning and decreasing trends can suggest that land is
degrading ( (Cowie, et al. 2018); (Oehri, et al. 2017)).

(3) Carbon stocks (above and below ground) trends, to evaluate soil quality associated with
nutrient cycling and its stability and structure with direct implications for water infiltration,
soil biodiversity, vulnerability to erosion, and ultimately the productivity of vegetation, and in
agricultural contexts, yields ( (Stumpf, et al. 2018); (Hengl, et al. 2017)).

The quantification of the indicator is based on the evaluation of changes in the sub-indicators to
derive the proportion of land that is degraded. The three sub-indicators are complementary and
responsive to different degradation elements. To determine whether a given land unit is degrading,
stable or improving the One Out, All Out (10AO) principle is used. If one of the sub-indicators value
is negative, then the land unit is considered as degraded. This is a precautionary rule considering that
stable or improved land condition in any sub-indicators cannot counterbalance the degradation
effects in the others (Figure 4).

Sub- Baseline status (t,) Monitoring period Total Area of Indicator 15.3.1
indicator Sub-indicators (t,) sub-indicators Degraded Land
Land Area = -
Cover S Degraded land (t,) | | Total degraded
E ' land area
El | Negative |
Positive
Land NPP El I—I + /
Productivit S Stable
v [o] /[&] ctabie
o
Degraded land (t,)
i Total land area
Carbon soc 7] ;hat rg";a('?s)
stock El s egraded t,
Classify land unit g;:ﬂf; gzg unit
Using 10A0 9

Figure 4. Schematic representation of the methodology for generating the sub-indicators and calculating the SDG
15.3.1 indicator (adapted from (United Nations Statistical Division 2018))

Land degradation is generally context-specific and therefore makes it difficult for a single indicator
to capture the full complexity of land state and condition (Gilbey, et al. 2019). However, the sub-
indicators are sufficiently robust to address changes in different relevant ways such as understanding
relatively fast changes with land cover or productivity trends while apprehending slower changes
through carbon stocks ( (Cowie, et al. 2018); (Gonzalez-Roglich, et al. 2019)). These sub-indicators
are widely accepted to monitor major factors and driving variables reflecting the capacity to deliver
valuable ecosystem services (Bojie, et al. 2015). Their definition and methodology for calculation are
recognized as technically and economically feasible for systematic observation ( (Bojinski, et al.
2014); (Pereira, et al. 2013)). The indicator should be derived generally from standardized and
comparable national official data sources. However, due to their nature, these sub-indicators can be

GEOEssential Variables workFflows for resource efficiency and environmental management
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derived from satellite EO as well as geospatial data from regional and global data repositories and
can replace, complement or enhance national official data sources after validation by national
authorities (UNCCD 2017).

System architecture and implementation

Currently, the reference implementation to help countries to monitor degraded land is Trends.Earth
(Gonzalez-Roglich, et al. 2019). It is a QGIS plugin working in combination with the Google Earth
Engine (GEE) to facilitate data preparation, processing and visualization for generating both the sub-
indicators and the final SDG indicator 15.3.1 (Gorelick, et al. 2017)). The objective of this model is to
help countries in analyzing data and preparing their reporting (e.g., plot time-series of sub-indicators,
maps, graphics) in a format that is directly aligned with the UNCCD’s Performance Review and
Assessment of Implementation System (PRAIS), which is the reporting portal of LDN. The default
datasets provided with Trends.Earth are indeed coarse in scale, but they are also amongst the most
consistent globally, and this tool is desgined to use any dataset at any scale. Even if this tool greatly
facilitates to production of the SDG indicator, it has some shortcomings:

(1) It mostly relies on regional and global datasets derives from EO data. However, it lacks greater
spatial and longer temporal resolution to better capture the dynamics of land degradation at
national scale ( (Pasquarella, et al. 2016); (Pettorelli, et al. 2018)). This limits the scalability
(e.g., different scales from national to global) of the model.

(2) Itis largely dependent of the GEE platform. Therefore, enhancing flexibility can be valuable
allowing to access different data sources and different processing platforms.

(3) Finally, it translates EO data in useful information. However, it does not provide any
knowledge. Having a possibility to create some knowledge would be valuable.

Consequently, to tackle these issues, it is interesting to develop workflows to address the need for
trusted sources of data, EVs and information to monitor the progresses made on environmental
conditions towards policy targets (Lehmann, et al. 2019).

To facilitate access and integration of scientific models and their outputs, it has been decided to use
a Model Web approach (Nativi, Mazzetti i Geller 2013) suggesting four architectural and policy
principals for implementation (Mazzetti, et al. 2016):

(1) Open Access: noticeably, support the documentation, publication, and sharing of models and
algorithms.

(2) Low entry barrier: reduce entry barriers for both resources’ providers and users.

(3) Service-driven approach: in particular, models and algorithms access are provided by online
services to enhance machine-to-machine interoperability.

(4) Scalability: facilitates the use of increasingly large volume and variety of data —i.e. Big Data
requirements.

In addition, and closely related to these principles, an important pattern to be applied is the
separation of concerns —i.e. separating a computing process into distinct sections, so that each
section addresses a separate concern. By adopting the principles and the implementation pattern,
the software components (along with their services) dealing with Data, Information, and Knowledge
scopes were separated carrying out three sub-systems that generate, respectively: the sub-

GEOEssential Variables workFflows for resource efficiency and environmental management m
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indicators, the SDG composed indicator, and the online services to access results together with the
visualization tools to explore them as maps and graphs (Figure 5).

DATA | s INFORMATION | sesssssss) |KNOWLEDGE
A TARGET ___15-3] RS
{

Interpretation
& representation
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=  MODIS/AVRRR =  Land Productivity Dynamics Proportion of land that
=  ESA CCl Land Cover = Land Cover Change is degraded over total
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Figure 5. Products and services generated by the proposed workflow

Applying the separation-of-concern pattern brought a set of benefits, including: (a) the Trends.Earth
model is now published as a Model Web service; (b) presently, the sub-indicators can be generated
by using different data sources and processing platforms; (c) scalability and flexibility of the entire
value-chain was improved, introducing, for example, the possibility to parallelize the model
execution and address important challenges raised by Big Data. This implementation schema allows
users to compute each sub-indicator separately in a spatially explicit manner under the form of raster
maps that is then integrated into a final indicator map, producing at the same time a table with results
reporting areas potentially improved, stable or degraded over the area of interest. This enables the
use of different data sources, such as the Copernicus Open Access Hub (previously known as Sentinels
Scientific Data Hub) and/or the Copernicus data and Information Access Services (DIAS), the Global
Earth Observation System of Systems (GEOSS), or national data infrastructures such as Data Cubes (
(European Commission 2018); (Craglia, et al. 2017); (Shushanik, et al. 2019); (Giuliani, et al. 2017))
(Figure 6).
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Figure 6. The proposed value-chain process
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Model outputs are then published using GeoServer (https://geoserver.org), an open source web
server designed to publish geospatial data using widely adopted standards (e.g., Web Map Service
(WMS), Web Coverage Service WCS)) advanced by the Open Geospatial Consortium (OGC) (Giuliani,
et al. 2011). It allows to share, access, and use data in an interoperable and standardized way,
facilitating data access, exchange, and integration.

Results are then organized in a Dashboard environment that allows users visualizing and
exploring model outputs in a concise and comprehensible way. Dashboards are currently gaining a
lot of interest as a tool for facilitating users’ interaction with complex sets of data and information
(van Ginkel Kees, et al. 2018) and can potentially help decision-makers or practitioners to better
understand an issue (Fegraus, et al. 2012).

To create a dashboard, it has been decided to use MapStore (https://mapstore.geo-
solutions.it) that is an open source web-based application conceived to produce, manage and
securely share maps, mashups, and dashboards using resources published following OGC standards.
It provides users with common standard geoportal functionalities (e.g., map visualization, data
discovery, and spatial analysis) allowing to find, view and query geospatial data and integrate
multiple data sources into a single map. In addition, it allows to create dashboards using widgets such
as maps, statistical charts, tables, and text boxes.

The main output of these models is a pixel-based over the entire country showing area that are

considered either degraded, stable or improved according to the SDG15.3.1 indicator. This output

can be then aggregated at various administrative levels as well as providing the national value.

Further, all this information is integrated in a dashboard providing a consistent and comprehensible

one-(web) page document allowing to explore the issue. This is exemplified by the following example

(Figure 7).
€ Qi
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Q

llll..-l-lllllIlIl-lIlIlll.lllII.
Figure 7. SDG15.3.1 dashboard at European scale (https://geoessential.unepgrid.ch/mapstore/#/dashboard/4)
This dashboard enables to dynamically explore the pixel-based map as well as the aggregated

indicator at national and sub-national levels. Maps, graph, table, and counters are synchronized and

GEOEssential Variables workFflows for resource efficiency and environmental management m
HORIZON 2020 — ERA-PLANET the European network for observing our changing planet



11

e SSENTIAL

[ ERA-PLANET ]

dynamically updated according to the zoom level. It allows visualizing only the information on
countries that are visible in the current zoom level. Additionally, some text is provided to explain the
issue of land degradation and how the indicator is calculated. The dashboard aggregates and provides
a possible interpretation of the generated information: i.e. the current status and the temporal
changes of the land degradation index. Providing such a meaning to the worked-out information, the
process generates knowledge.

Through the dashboard, users access the knowledge on land degradation status directly provided by
the value of the index. They also access further knowledge through the generation of aggregated
indices and through visual analysis of spatial distribution through the visualized maps.

All the generated information and knowledge are exposed with well-recognized interfaces such as
OGC standards for efficient discovery, access and use. This makes data Findable, Accessible,
Interoperable and Reusable (FAIR)( (Stall, et al. 2019); (Wilkinson, et al. 2016)) and greatly facilitates
the sharing of data, information and knowledge and contributing to major initiative like GEOSS.

More information can be found in: Giuliani G., Mazzetti P., Santoro M., Nativi S., Van BemmelenJ.,
Colangeli G., and Lehmann A. (2020) Knowledge generation using satellite Earth Observations to
support Sustainable Development Goals (SDG): a use case on Land Degradation, International
Journal of Applies Earth Observation and Geoinformation, in press.

Glossary

API Application Programming Interface

EO Earth Observation

DAB Discovery and Access Broker

EV Essential Variables

GEE Google Earth Engine

GEO Group on Earth Observations

GEOSS Global Earth Observation System of Systems
GUI Graphical User Interface

LDN Land Degradation Neutrality

PRAIS UNCCD’s Performance Review and Assessment of Implementation System
SDG Sustainable Development Goals

VLab Virtual Laboratory
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