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Chapter 8
Distributed Geocomputation for Modeling
the Hydrology of the Black Sea Watershed

Nicolas Ray, Gregory Giuliani, Dorian Gorgan, and Anthony Lehmann

Abstract The surface of the Black Sea watershed amounts to about 2 mil. km? with
a population of 160 mil. Inhabitants over 25 countries. In light of the current and
forthcoming climate, land cover and population changes in this region, it is becom-
ing extremely important to better understand how the quantity and quality of waters
will vary in the catchment over the coming decades. To model the hydrology of this
catchment, three steps are needed: (1) a large transnational data collection effort,
(2) adequate management and sharing processes of the environmental data in a
dedicated Spatial Data Infrastructure, and (3) distributed computing in order to
allow running a high-resolution model. The EU/FP7 enviroGRIDS project (running
2009-2013) is addressing these steps with a 30-partner consortium mainly located
in the Black Sea region. In this paper we are discussing how enviroGRIDS is
approaching the various data-related challenges of the project. We particularly
address the important issue of sharing data through international initiative such as
GEOSS, the specificity of the hydrological modeling tool SWAT (Soil and Water
Assessment Tool), and the technical requirement for using Grid computing infra-
structures to optimize computationally-intensive simulations.
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8.1 Introduction

Climatic change is becoming a worldwide concern that will affect many areas of
human activities. The last report of the Intergovernmental Panel on Climate Change
[29, 30] predicts important changes in the coming decades that will not only modify
climate patterns in terms of temperature and rainfall, but will also drastically change
freshwater resources qualitatively and quantitatively, leading to more floods or
droughts in different regions, lower drinking water quality, increased risk of water-
borne diseases, and irrigation problems. These changes may trigger socio-economic
crises across the globe that need to be addressed well in advance of their occur-
rences in order to reduce their associated risks.

One region that could particularly be affected by these water-related problems is
the watershed of the Black Sea (or Black Sea hydrological Catchment — BSC) (see
Fig. 8.1). This catchment has a surface amounting to about 2 mil. km? with a popula-
tion of 160 mil. Inhabitants over 25 countries. This large watershed is subject to
numerous environmental pressures and threats. Inadequate management of wastewa-
ter/solid waste, ecological unsustainable industrial activities, inadequate land man-
agement, and improper agricultural practices have greatly affected the region in
many places [51], and notably the Danube catchment area [44]. These pressures
generate several direct consequences such as pollution of surface/groundwater, eutro-
phication, and accelerated runoff/erosion. These consequences have, in turn, the fol-
lowing main effects: decline in quality of life, human health risks, degradation of
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Fig. 8.1 The Black Sea watershed
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biodiversity, economic decline, and reduced availability of water. Even if some signs
of recovery have been observed in the last years, the Black Sea itself is also affected
by severe environmental degradation [8] and eutrophication remains a severe
problem.

The European Community is addressing the crucial problem of water quality and
quantity by adopting the Water Framework Directive (WFD) [9, 31]. A key aspect
of the WFD is the consideration of the river basin as the working unit, moving away
from administrative boundaries such as communes, provinces, districts or countries
that often cross across water-related boundaries. This requires the installation of a
regulating body for the whole river basin. For many transboundary rivers, these bod-
ies unite representatives of different countries. One extreme case within the Black
Sea watershed is the river Danube, which is now regulated by the ICPDR
(International Commission for the Protection of the Danube River). The ICPDR is
driven by the interests of 19 riparian countries and of the European Union (EU).

Despite efforts to date, the vulnerability of different areas of Europe and
beyond to climate change remains poorly addressed. Moreover, there is a strong
need to integrate information on land cover and demographic changes in order to
better assess population vulnerability to water scarcity. Building spatially-explicit
integrated scenarios of climate, land cover and demographic changes for the entire
Black Sea catchment is therefore a necessity if one wants to fully understand the
future trends in water quantity and quality in this region. However, before explor-
ing the impacts of these scenarios, one needs a good quality spatially-explicit
hydrological calibrated with appropriate and sufficient input data.

The aim of this paper is to discuss the enviroGRIDS approach to modeling the
hydrology of the entire Black Sea catchment, and especially the two important
technical and institutional issues that arose from such an endeavor: (1) the transna-
tional environmental data collection, standardization, and dissemination process,
and (2) the need for distributed computing in order to achieve high-resolution
hydrological modeling.

8.2 The EnviroGRIDS Project and the Modeling
of the Black Sea Catchment

The EnviroGRIDS project (http://www.envirogrids.net), funded by the EU 7th
Framework Programme for a period of 4 years (April 2009—March 2013) with a
consortium of 30 partners, aims at building capacities in the Black Sea region on
new international standard to gather, store, distribute, analyze, visualize and dis-
seminate crucial information on past, present and future states of this region in order
to assess its sustainability and vulnerability. The project focuses on the terrestrial
part of the catchment and one of its main scientific objectives is to assess how the
sustainability of water usage in this catchment may evolve in the future (at 20, 30
and 50 years time horizons). To achieve this, the project aims at building the first full
hydrological model for the Black Sea catchment that will allow one to explore the
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outcomes of integrated scenarios of change (climate, land cover and demography)
on the water quality and quantity of all rivers basins in a comparative way.

To model the hydrology of the catchment, the Soil Water Assessment Tool
(SWAT: http://swatmodel.tamu.edu) [3] model is used. SWAT is a widely used
basin-scale, continuous-time model that integrates various processes such as
hydrology, climate, chemical transport, soil erosion, pesticide dynamics and agri-
cultural management. SWAT accounts for variable soil and land cover conditions
by subdividing the simulated catchment into sub-areas. The model uses a daily to
sub-hourly time step and can perform continuous simulation for a 1-100 year
period. SWAT has an ArcGIS (ESRI, Redlands) interface that takes layers of infor-
mation such as soil, land cover, elevation, and calculates hydrology, erosion and
chemical transport both inland and in-stream. About 50 peer-reviewed papers dis-
cussed the application of SWAT on pollution loss studies for a wide range of small
and large river catchments [17].

SWAT was already used to simulate the hydrology of large-scale body masses
such as the African continent [46], the entire U.S. with river discharges data at
around 6,000 gauging stations [4], and of 12 large river catchments in India [28].
SWAT is recognized by the U.S. Environmental Protection Agency (EPA) and has
been incorporated into the EPA’s BASINS (Better Assessment Science Integrating
Point and Non-point Sources).

In the enviroGRIDS project, SWAT will be used to apply a high-resolution (i.e.,
sub-catchment spatial and daily temporal resolution) water balance model to the
entire BSC. The BSC model will be calibrated and validated using river discharge
data, river water quality data, and crop yield data [1]. As part of the modeling work,
uncertainty analysis will also be performed to gauge the confidence on all model
outputs. Subsequent analyses of land use change, agricultural management change,
and/or climate change can then predict the consequence of various scenarios.

To achieve the building and calibration of the BSC SWAT model, an initial data
collection phase (ended in mid-2010) over the catchment was necessary. This data
collection phase was a keystone process to ensure the best possible informed model
and to discover data gaps. The main outcome of this endeavor was that the transna-
tional nature of the Black Sea catchment makes it very difficult to get the same
quantity and quality of data in all areas of the catchment. Raw environmental moni-
toring data are often limited to distribution because of their commercial value at the
national level or to their sensitive nature (as perceived by the national agency own-
ing the data). As a result of this data collection phase, the available data from the
enviroGRIDS Consortium were gathered to construct and calibrate a coarse-resolu-
tion SWAT model for the full catchment. Recent results obtained with this model
(Abbaspour 2010, personal communication) include long-term averages of river dis-
charge, precipitation, actual and potential evapo-transpiration, soil moisture and
aquifer recharge over the entire catchment. In the ongoing second phase of the proj-
ect, data policies or agreements are being sought with a maximum of regional institu-
tions in order to access additional high-resolution temporal and spatial data sets.
How to best access and make available these data sets to the largest audience possible
through international standards is the subject of the following section.
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8.3 Sharing Environmental Data in a Transnational Setting

Environmental managers are regularly facing the problem of having to take sound
decisions with only partial information, which can translate into inaccurate and
inefficient management decisions. Gathering and integrating the vast amount of
environmental data generated on a daily basis, but often operated in isolation, there-
fore appears as an essential and fundamental effort to be taken in order to make
sound decisions at all levels, from global to local [40].

Understanding and modeling a hydrological system such as the Black Sea water-
shed is very complex due to the highly interconnected and continuously evolving
interactions at many spatial and temporal scales. These interactions require gathering
and integrating different sets of environmental data (e.g., physical, chemical, biologi-
cal) (GEO [19]). Currently, data accessibility, availability, compatibility, and lack of
sufficient resources to analyze these data are among the most frequent difficulties
that are negatively influencing the way that scientists, researchers, decision-makers
and the general public are accessing and using these data [7, 48]. This is mainly due
to the fact that geospatial data are voluminous, geographically distributed, and
heterogeneous in term of format. All these factors influence the way that data pro-
viders store, publish and deliver environmental data. Moreover, users are often
lacking the appropriate computational resources to analyze these data. Current
environmental research projects regularly need to handle several terabytes of data
and accessing high-performance hardware and specialized software is expensive.
This explains why currently data sources are often fragmented, integrating geospatial
data to answer a scientific problem is difficult and expensive, and diffusion of
geospatial information is problematic and not applied efficiently.

Thus, making sense of the vast amount of data and information, and turning them
into understandable information is a challenging, but necessary task [26]. Enhancing
access to data benefits the wide usage of it and enables scientists to compare results
and methods more easily, which improves scientific accountability, credibility and
potentially the quality of data. Having environmental data in digital form is essential
as it greatly facilitates storage, dissemination, data exchange and sharing, while
allowing for faster and easier updates, and giving the users the ability to integrate
data from multiple sources. Consequently, digital geospatial data can be thought of
as a shared resource that can be maintained continuously [40].

To address the need of sharing environmental data, the concept of Spatial Data
Infrastructure (SDI) appears to be an interesting framework [38, 45]. An SDI
encompasses data sources, systems, network linkages, standards and institutional
issues in delivering geospatial data and information from many different sources to
the widest possible group of potential users [11]. SDIs intend to avoid duplication
of efforts and expenses by enabling users to save resources and time when trying to
acquire or maintain data sets [35, 45]. SDIs can be seen as an integrated information
highway which links together environmental, socio-economic and institutional
geospatial data resources to provide a movement of data from local to national and
global levels [36, 37].
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One essential component of SDIs is interoperability: an open science framework
allowing scientists and researchers to publish, discover, evaluate and access data
[42]. The Open Geospatial Consortium (OGC) aims to develop and provide such
standards enabling communication and exchange of information between different
systems of different types operated with different software [43]. A SDI committed
to interoperability permits widely and effectively exchange of data, maximizes the
value and reuse of data and information under its control, and is able to exchange
these data and information with other interoperable systems, which allows new
knowledge to emerge from relationships that were not envisioned previously.

Different initiatives at the regional and global levels are influencing and promot-
ing the creation of SDIs. These initiatives coordinate actions that promote awareness
and implementation of complementary policies, common standards and effective
mechanisms for the development and availability of interoperable geospatial data
and technologies to support decision making at all scales and for multiple purposes.
Such an initiative is the Global Earth Observation System of Systems (GEOSS), a
worldwide voluntary effort coordinated by the Group on Earth Observation (GEO)
aiming at connecting already existing SDIs and Earth Observation infrastructures.
GEOSS is foreseen to act as a gateway between producers of geospatial data and end
users, with the aim of enhancing the relevance of Earth observations for the global
issues and offering public access to comprehensive information and analyses on the
environment (GEO [18, 20, 21, 24]). To support the nine defined Societal Benefit
Areas (SBAs, see Fig. 8.2), various mechanisms for data sharing and dissemination
are presented in a 10-year Implementation Plan Reference Document (GEO [18]).
Any GEO member is volunteer, must endorse data sharing principles, and seeks to
agree on “interoperability arrangements” (GEO [20, 21]) to allow its SDIs to com-
municate with others.

The establishment and implementation of initiatives such as GEOSS follows a
more generic approach, the so-called System of Systems (SoS) approach [39]. This
approach underpins a multi-disciplinary framework built on existing systems. It
allows recognizing the heterogeneity of systems reflecting the diversity of stake-
holders involved, while recognizing and specifying arrangements in order to feder-
ate these systems that can be very different. Such framework provides interesting
features: (1) each component can operate independently (e.g., in order to match
their own objective) and can be connected to others component by agreeing and
specifying interoperability arrangements, providing flexibility (the overall frame-
work will not fail done if one or more components disappear), (2) it increases the
capacity to turn data into information by sharing resources, (3) it provides a holistic
approach, (4) it supplements but not supplant existing systems, (5) it is based on
Service Oriented Architecture principles, and (6) it can incrementally incorporate
new components/systems. However, one of the major benefits of the SoS approach
is to allow users to perform functions that cannot be made with any single compo-
nent [6]. This means that such a system is more than the sum of its parts and it offers
the possibility to better understand the complex relationships between the different
components of the Earth system. Consequently, such a framework can then offer
possibilities for SDIs to extend complement and benefit from capabilities offered by
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other type of infrastructures. For example, distributed computing infrastructures
such as Grid architecture can be really beneficial for data processing and manage-
ment of an ever-increasing amount of high-resolution data.

One of the goals of the enviroGRIDS project is to push for wide adoption of
GEOQO data sharing principle in the Black Sea region, and therefore to register in
GEOSS many new environmental data sets on the Black Sea watershed. During the
first year of the project, an analysis of data sets and observation systems available
within the Black Sea catchment against the enviroGRIDS project requirements
revealed spatial and temporal gaps in data coverage, gaps in observation systems,
and problems with data accessibility, compatibility and interoperability. It high-
lighted that large amount of data sets relevant to the project and end-users data
needs are available at different scales, from national to regional, European and
global. It was also found that access to data is often limited or restricted, particularly
at national level, so data accessibility appears to be the main problem preventing
effective data usage. With respect to hydrology, major identified problems con-
cerned (1) data gaps on pollution loads to the Black Sea from land based sources,
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including rivers, (2) missing observation system to monitor pollutants deposition
from atmosphere, (3) gaps on availability of data on pollutants deposition from
atmosphere, (4) scarce data from river stations in some regions, (5) limited or
restricted access to pollution discharges and water quality data, particularly in non-
EU countries, and (6) unsatisfactory spatial resolution of crop yield data from avail-
able global data sets, while access to more detailed national agriculture data is
limited or restricted. Additionally, the analysis of available data sets revealed the
problem of data compatibility at different scales (e.g., European and global land
cover classifications) requiring significant efforts, particularly when it is necessary
to combine in one application data from different scales. Finally, the fact that most
of reported national data sets are not accessible through the Internet and do not have
relevant metadata available, points to the necessity of bringing project partners’ data
and metadata to interoperability standards (e.g., OGC and ISO). This required
developing a capacity building strategy on Earth Observation Systems in the Black
Sea catchment through improved data collection, management, storage, analyses
and dissemination.

For the large adoption, acceptation and commitment to SDI philosophy, enviro-
GRIDS is therefore seeking to build capacities at human (e.g., education and train-
ing of individuals), infrastructure (e.g., installing, configuring, and managing the
needed technology) and institutional (e.g., enhancing the understanding within
organization and governments of the value of geospatial data to support decision-
making) levels. Of particular importance is to show and prove the benefits of shar-
ing interoperable data/metadata through appropriate examples, best practices and
guidelines. This will help to strengthen (1) existing observation systems, (2) capaci-
ties of decision-makers to use it, and (3) capacities of the general public to under-
stand important environmental, social and economical issues at stake in the region.
Additionally, capacity building efforts should aim to convince a maximum of data
owners/providers that sharing their data is very good opportunity to become more
visible nationally and internationally by joining the effort of GEOSS.

8.4 Distributed Modeling of the Hydrology
of the Black Sea Watershed

The push for large-scale high-resolution SWAT modeling, as is foreseen in the
enviroGRIDS project, comes at the expense of very large computational needs.
This expense proves even greater if there is a need to iteratively run such large
models for common practices in modeling such as calibration and uncertainty
analysis. However, the very nature of a SWAT hydrological model makes it theo-
retically possible to split the full computation into sub-units of computation that
can be run independently on many computers. A distributed computing architec-
ture can provide the necessary computational and storage resources to achieve the
parallel computation of these sub-units.
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8.4.1 Grid Based Computing Infrastructures

The Grid architecture is one of the main solutions that provide many potential ben-
efits for the modeler:

it reduces total computation time to get results more rapidly;

* it enables running models for larger geographical area;

it enables the development and processing of higher-resolution models;

it allows better assessing model uncertainty and sensitivity by running a larger
number of model iterations;

* it supports user scalability by simultaneously running a large number of models.

Altogether, these benefits can participate to a much higher accuracy in model
outputs, and can therefore increase the quality of watershed management decisions
based on these model outputs.

The term grid computing originated in the 1990s as a metaphor for making
computer power as easy to access as an electric power grid [16]. A grid can be
defined as a layer of networked services that allows users single sign-on access to
distributed collection of resources not centrally controlled. Another, task-oriented,
definition of a grid is a cluster of loosely coupled, networked computers acting in
concert to perform very large tasks. There are basic concepts lying behind grid: long
term collaboration, user and provider communities and security. To use a grid infra-
structure, users belonging to different administrative organizations are typically
grouped into a specific user community, called a Virtual Organization (VO), a group
of people who share a data-intensive goal. This group of users wants to share geo-
graphically distributed resources in a secure way. Users as well as resources must be
authenticated by a certification authority before acceptance in the VO (for users) or
in the Grid infrastructure (for resources). The acceptance in a VO authorizes users
to access the resources based on the policies of the VO. Moreover, an application
that is intended to be run on the grid must go through a so-called “gridification”
process. This process intends to generate a grid application that interacts with grid
services to achieve requirements that are specific to a particular VO or user.

Many different Grid infrastructures exist and are available for scientists worldwide.
These grids can be classified in international, national, or field-specific sets (see http://
www.gridcafe.org/grid-powered-project.html). In the enviroGRIDS project, we are
using the Worldwide LHC Computing Grid [50]. The WLCG was implemented within
the framework of The Enabling Grids for E-science (EGEE) series of projects funded
by the European Commission and that started in March 2004 and officially ended on
April 2010 [13]. The coordination of the Grid infrastructure is now taken over by the
European Grid Initiative (see [14]), which is the future sustainable computing Grid
infrastructure in Europe. The goal of the establishment of EGI is to move from a
project-based funding of the European grid infrastructure (as was the case in the
EGEE project) to a sustainable country-based funding. Currently, the majority of
users of the WLCG come from the High Energy Physics (HEP) community for which
the WLCG is a necessity to analyse the data generated by the Large Hadron Collider
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(LHC) experiment at the European Organization for Nuclear Research (CERN) in
Geneva, Switzerland. However, a growing number of WLCG users come from many
other scientific disciplines, such as the biomedical field, earth science, astrophysics,
fusion science, etc. In late 2010, the WLCG had about 260 resource centres in 55
countries, with more than 150,000 CPU cores, 28 PB of disk storage, 38 PB of tape
storage, more than 14,000 registered users, and more than 300,000 jobs/day. These
figures are likely to increase considerably over the coming months/years.

8.4.2 EnviroGRIDS Computing Infrastructure

The time dedicated to the gridification of particular software is only one of the
several aspects to take into consideration before deciding to engage project resources
into Grid computing. In enviroGRIDS, an important issue was to ensure the sustain-
ability of the pool of computing resources that enviroGRIDS partners could use
during, but also beyond, the project duration. Two mitigation actions were taken to
minimize the risk of losing access to computational resources. First, we decided to
build a dedicated enviroGRIDS VO. This VO is composed of computational nodes
belonging to enviroGRIDS partners either already part of the WLCG or willing to
join after appropriate software installation. The current enviroGRIDS VO has started
the first experiments on developing tools and applications on resources provided by
the Technical University of Cluj-Napoca (512 core processors and 12 TB storage),
but additional resources provided by enviroGRIDS partners, universities and
research institutes (UPB, ICI, UVT from Romania) should join soon. An advantage
of the enviroGRIDS VO is that it may facilitate incorporation of new computing
resources in the EGEE from the Black Sea countries. Some institutions in this region
may indeed be more willing to share their resources for their use in a dedicated
Black Sea project, rather than joining a more generic VO (e.g., Earth Science
Research VO). Finally, administrating its own VO permits more flexibility in term
of software installation and resource allocations within the VO.

The second mitigation action was to ensure not to be restricted to a given Grid
platform or Grid middleware (i.e., the software running Grid services). The new
European Middleware Initiative (EMI) aims to improve and standardize the domi-
nant existing various middleware in order to produce one simplified and interoper-
able middleware [15]. EMI attempts to unify a few Grid platforms such as ARC [2],
gLite [33], Unicore [47] and dCache [12]. The EMI platform will empower the EGI
infrastructure with more stable, useable and manageable software.

8.4.3 SWAT Model Parallelization for Distributed Processing

Although a recent survey [32] indicates that Grid technology in hydrology has
been successfully tested to improve flood prediction and ground-water resources
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management, only minimal efforts on reduction of computation time have been
made in the past for SWAT modeling [49]. However, the intrinsic model representa-
tion in SWAT makes it theoretically well suited for gridification. A watershed mod-
eled using SWAT is indeed partitioned into different required and/or optional objects
of subunits such as sub-basins, reaches/main channel segments, impoundments/
reservoirs on the main channel network and point sources. Watershed sub-basins are
the first level of the subdivision. These sub-basins are defined by geographical posi-
tions in the watershed and are spatially related to one another [41]. All sub-basins
drain into the river network where water is routed from upstream to downstream
reaches. The land area in a sub-basin may be divided into hydrologic response units
(HRUs) that are portions of a sub-basin that possess unique land use, management,
or soil attributes [41]. Unlike in the case of sub-basins, no spatial relationship or
interaction can be specified among HRUs. Sediment, chemicals or nutrient loadings
from each HRU are computed independently and then summed up to determine the
total load from a sub-basin. A watershed model should also incorporate one reach or
main channel associated with each sub-basin. This channel carries loadings from the
sub-basin or outflow from the upstream reach segments into the downstream network
of the watershed in the associated reach segment.

By simulating each sub-basin independently on a separate Grid node and ensuring
proper hydrological network routing at the end, it is therefore possible to decrease
the total simulation time. We recently explored various ways of achieving this with
SWAT running on the WLCG infrastructure [52]. Our results showed a clear poten-
tial for using SWAT on the Grid, but only with large models. For smaller models, the
various overheads of running on the Grid (e.g., splitting of the model, submission
time, queuing in remote nodes, merging of results) are costly in term of total compu-
tational time, and in such case running the model locally is more efficient.

In parallel, we also developed gSWAT [5], a web-based application that will be
accessible through the project main portal (see below). This application allows the
calibration of SWAT models and the executions of different scenarios. The devel-
opment of such a web interface is extremely important if one seeks wide adoption
of Grid technology by the SWAT and other user communities. User-friendly inter-
faces to the Grid must indeed be developed to mask the underlying complexity of
the Grid architecture.

8.4.4 BSC-0OS Portal

One challenge of the enviroGRIDS project is the interoperability between geospa-
tial and Grid infrastructures. The geospatial technologies offer very specialized
functionality for Earth Science oriented applications, while the Grid oriented tech-
nology is able to support distributed and parallel processing. The enviroGRIDS
system resources are accessible to the large community of users through the
BSC-OS (Back Sea Catchment Observation System) Portal that provides Web
applications for data management, hydrological models calibration and execution,
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Fig. 8.3 EnviroGRIDS functional Layers. The lower level is the data level. The Grid system is
provided by the EGEE infrastructure, on which the gLite middleware is running. The middle levels
consist of a set of various services and platforms supporting the basic functionality. The upper level

provides tools and applications to end users with appropriate graphical user interfaces

satellite image processing, report generation and visualization, and virtual training

center (see Fig. 8.3).

The portal consists of a set of Web applications through which the users access
the system resources such as spatial data, hydrologic models, environmental sce-
narios, data processing tools, visualization facilities, environmental reports, and
training materials. There are five categories of users: data providers, earth science

specialists, decision makers, citizens, and system administrators.
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The main user application categories provided by the portal are:

e Data management — provides the user with spatial data management and opera-
tions. The user may enter data and metadata, visualize, modify, update, and
remove spatial data from the data repositories;

* Hydrological model management — provides the Earth Science specialists with
hydrologic model configuration, scenario and model development, model cali-
bration and scenario running;

e Satellite data processing — the specialist may process satellite data and images in
order to search for relevant information (e.g. land cover, vegetation, water, soil
composition, etc.);

» Data visualization and report — the specialists visualize various spatial data in
different formats and views and compose environmental reports for decision
makers and citizens;

* Decision maker and citizen applications — provide the decision makers with the
interactive and graphical tools to access the private environmental reports. The
user may visualize data that make possible statistical analyses and predictions;

» Virtual Training Center — supports the development of Earth Science oriented
training materials based on the Grid processing.

The BSC-OS Portal provides a set of tools and applications to the users inter-
ested in environmental studies and predictions. The regular users visualize the
reports generated by the specialists as results of executing environmental scenarios.
The input materials for the reports are built up by the specialists by running hydro-
logical models of the Black Sea catchment area and by processing related satellite
data. All data sets required for building up the hydrological models, environmental
scenarios, and spatial models are provided and entered into the system by the data
providers. The portal gathers services provided by various technologies such as
gSWAT [5], Collaborative Working Environment (CWE) [34], Uniform Resource
Management (URM) [10], gProcess and ESIP Platforms [27].

Finally, Grid technology can promote the use of applications modules by several
teams, an efficient cooperation among them, and economies of scale to assemble a
critical mass of people and investments [32]. In the enviroGRIDS project, the use of
the Grid infrastructure has been a driving force in the standardization processes of
many data sets currently found in various formats in different countries of the Black
Sea Catchment area. This standardization process is enabling regional organizations
to take advantage of EnviroGRIDS to analyze large trans-boundary environmental
data sets in a harmonized way to support the conceptualization and implementation
of environmental and relevant sustainable development policies.

8.5 Some Remaining Challenges

Several challenges are foreseen in the second part of the enviroGRIDS project (end-
ing in 2013). We have discussed in this paper the necessity and benefits of sharing
environmental data through interoperable SDIs. We have also examined how Grid
computing can help in tackling large spatially-explicit hydrological models such as
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the Black Sea watershed. If we want the joint benefit of achieving optimized data
management and massive data processing, we need to address the real challenge of
integrating SDIs and Grid computing. As we discussed previously (see [23]), this
integration means developing a Grid-enabled SDI (or gSDI), and it is not straight-
forward because Grid and SDI architectures differ in many ways. To take full advan-
tage of a gSDI, research and development is necessary in order to: (1) develop
so-called mediation mechanisms [25] to be able to launch simulations on different
computing back ends (e.g., local computer, local or remote cluster, Grid infrastruc-
ture) through standardized procedures, (2) develop plugins for various GIS clients
such as ArcGIS and GRASS to allowing users to seamlessly access different com-
putational resources depending on the task (e.g., data retrieval, processing or map
making), (3) evaluate the capabilities offered by Desktop Grids that provide access
to unused resources of desktop computers (CPU and storage) within a local net-
work, (4) evaluate the potential of Grids in term of data management because
Grids offer capabilities that are currently not (or only partially) provide by SDIs
(e.g., distribution storage, data replication, data stored as close as possible to com-
ponents that access them, security, and efficient data moving protocols). This last
point requires making Grid middleware spatially-enabled, and then implementing
OGC standards and interfaces directly into them.

Another challenge stems from the world of social media/networks (e.g.,
Facebook, LinkedIn, Twitter, Flickr, YouTube) that allows users to share informa-
tion and rapidly proliferate content, which is currently changing the field of Science
(see [22] and references therein). Social media users can now easily share any
report, image, map or any other geospatial information with their network. It can be
expected that this kind of medium becomes an increasingly important way to com-
municate information on the environment, and potentially also to generate new data.
The latter is exemplified by the geotagging capabilities of pictures published on
Flickr (e.g., identifying pictures on a map) or mapping of tweets (i.e., Twitter mes-
sages) in order to spatially analyze this data and make sense of it (e.g., in a crisis
situation). In the context of enviroGRIDS, we are exploring ways in which social
media could help in building capacities and knowledge in the field of data sharing
principles. These media can potentially foster communication, sharing and collabo-
ration around emerging problems, help disseminate best practices, and influence the
development of new methodologies and tools.

At the global and regional levels, initiatives such as GEO/GEOSS need the sup-
port and engagement of different stakeholders from the different communities
involved. However, with the growing availability of server/client tools to set up a
local SDISs, the risk is high to see a growing number of unconnected systems. Hence,
promoting and raising awareness on GEO/GEOSS and their related benefits is
essential in order to concentrate and coordinate efforts on joining the vision of stan-
dardized and interoperable SDIs. To achieve this objective, commitment, capacity
building, interoperability, harmonization, and answering the needs and require-
ments of communities are essential elements to strengthen the engagement of all
stakeholders.
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Finally, environmental security linked to water quantity and quality in the Black
Sea watershed is bound to the scientifically sound forecasting of its state under
forthcoming climatic, land cover and populations changes. This forecasting needs a
well-calibrated hydrological model, which can only be achieved through sufficient
availability of data from river stations. Moreover, the Water Framework Directive
needs a lot of observational data to assess the quality of the rivers based on water
and biodiversity samples. Obtaining these data is still problematic in many of the
non-EU countries on the Eastern side of the Black Sea watershed. Focusing our
efforts in these countries, while understanding the institutional particularities of
each of them, is a big challenge in the enviroGRIDS project. However, communicat-
ing the data sharing principles and benefits to these countries’ stakeholders is impor-
tant because the information shared by different water authorities across Europe
should find its way to the Water Information System for Europe (WISE) and the
Biodiversity Information System for Europe (BISE). This would be able to present
the water-related environmental quality in all regions of Europe in a comparable
way, which could greatly facilitate research and enhance the quality of environmen-
tal management. The unique natural features and identity of the Black Sea region
well disserve a concerted effort and a state-of-the-art information system in order to
preserve its value and assess its vulnerability to the global changes we are facing.
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