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Abstract. Our research concerns the development of a unified coherent framework for evaluating 
water contamination processes and solving environment protection problems according to sustain-
able development requirements. The research investigations are made according to the requirements 
of the European Union (EU) Water Framework Directive and Sustainable Development Strategy. 
The article describes the decision support processes, based on integration of distributed data ware-
houses that are on the responsibility of different institutions. The Water Resource Management 
Information System became the kernel component of a decision support system. We analyse the 
possibilities of composing e-services in a semi-automatic way for decision support by analysing 
data processes in the water management sector. We would like to show the possibilities of integrat-
ing of data into a web portal from the distributed databases of the water management sector. The 
information infrastructure of e-service provision is constructed by ensuring the requirements of 
interoperability. The composition mechanisms of e-service are based on SOA, i.e. service-oriented 
architecture, and the Goal-Based Service Framework idea. The results are demonstrated on waste-
water discharges from farms and household production into surface waters of Lithuanian districts 
during the period of 2003–2012 years. The water resource management domain specification is 
based on the goal-based service ontology. 

Keywords: decision support system (DSS), e-service composition, Water Resource Management 
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Introduction

The aim of this study is to examine the information infrastructure for water resource plan-
ning and water treatment activities, to provide evaluation indicators and data storage ar-
rays that measure the environmental and water pollution according to the requirements of 
sustainable development. The assessment of pollution situations, selecting the appropriate 
search parameters and methods for decision support that allow revealing the water and 
environmental contamination by effluents, is important in many research studies (Heringa 
et al. 2010; Ciegis et al. 2008; Junier, Mostert 2014; Lescot et al. 2013, Mardani et al. 2015). 

It is important to monitor the environmental pollution and to carry out accounting of 
the ecological balance (Kaklauskas, Zavadskas 2007; Šliogerienė et al. 2009; Pearson et al. 
2010). The studies reveal the requirements of sustainable development for wastewater and 
water treatment sector accounting activities; identify the existing problems that need to be 
addressed in order to ensure the quality of water and a clean environment (Junier, Mostert 
2014; Simonovic 2008). 

Environment protection consists of multiple components and make up a totality of re-
quirements that can be presented as the standards of enterprise functioning, requirements 
of a healthy human environment, permission for functioning of contamination objects, 
pollution taxes, urban pollution treatments, etc. (Baltrenas, Kazlauskiene 2009; Burinskiene 
et al. 2003; Swanson et al. 2004; Dzemydaitė, Galinienė 2013; Kaklauskas et al. 2009).

Water resources can be considered as an important and dynamically changing part 
of the environment protection domain with specific operatively displaying needs of rep-
resentation in the decision support system (DSS) (Dzemydienė et al. 2008a). Additional 
means are integrated in the structure of DSS such as conceptual schemes, dataflow di-
agrams, and on-line management techniques for identifying the abnormal situations of 
pollution. The automatic provision of e-services requires the integration of databases into 
the complex infrastructure. A secondary data analysis was made in order to assess the 
surface water pollution.

Sustainability should not be excluded from both the quality of life and satisfaction of 
the main needs of nature. The main principles of sustainability are introduced in the deci-
sion-making processes by maintaining the possibilities to have a cleaner environment. The 
activities of large enterprises, institutions, and organizations should be based on a versatile 
responsibility of enterprises and stimulation to a higher efficiency of the cleaning equip-
ment, paying more attention to the requirements of the sustainable development. 

The methodology of design of this type decision support system is based on multi-lay-
ered architecture of databases of different public administration institutions such as Envi-
ronment Information and Observation Network (EIONET), Joint Research Centre (JRC), 
Geological Survey (GS), Hydro-meteorological Service, Ministry of Environment (MoE), 
Marine Research Centre (MRC), etc.



1. Related works

Developing and advanced countries in the European Union have to face different challenges 
of sustainable development; however, escalated use of natural resources and preservation 
of a clean environment remain priority problems (Giupponi 2007; Heringa et al. 2010). 
Already in the United Nations Conference on Environment and Development, Earth Sum-
mit 1992 in Rio de Janeiro, the sustainable development provisions were formulated: the 
Sustainable development Action Program for the implementation of Agenda 21 and Decla-
ration. This set out the main principles of the sustainable development. The EU Sustainable 
Development Strategy was adopted in 2001, in Gothenburg (Sweden) by the European 
Council, stating that sustainable development is a long-term EU strategy to ensure a clean 
and healthy environment and better quality of life for present and future generations (Euro-
pean Commission 2001). 

However, for example, while monitoring soil contamination-associated processes in the 
EU Member States, there can be seen about 250,000 possible sources of polluting activities. 
As shown in the national accounts of the EU countries contaminants, most commonly 
found in the soil, are heavy metals and mineral oils. Mineral oil and chlorinated hydro-
carbons are also commonly found in contaminated ground water. A large part of the used 
cleaning costs, about 35%, came from the public sector budget. It will take decades to 
clean up the legacy of pollution that has already occurred; EU countries pay considerable 
environmental pollution charges.

The implementation of sustainable development requirements is indispensable for ac-
celerating the social progress and improving the environment: the social policies that pro-
mote balanced and sustainable economic growth and environmental protection are cost-ef-
fective. One of the key objectives of this strategy is “ensuring that the growth of the economy 
of natural resources and environmental pollution to grow much more slowly than the economy 
as a whole, or to cease grown” (European Commission 2010). It is necessary to focus on the 
scientific progress, knowledge and innovative implementation of environmental measures 
that would allow us to install the latest, more environment-friendly technologies. 

The indicators of the analysis are very important factors that could enable a better as-
sessment of water pollution problems in the Baltic Sea region. Scientific research works in 
this area are aimed to assess the requirements of sustainable development opportunities for 
wastewater sector activities, proposing measures for the provision of information on the 
development of infrastructure (Argenta et al. 2009; McIntosh et al. 2011; Dzemydienė et al. 
2008a, 2008b; Dzemydiene, Maskeliunas 2011; Saarenmaa 2002; Kaklauskas et al. 2015). 
The articles discuss the problems associated with the evaluation of the situation of environ-
mental pollution, the appropriate parameters that allow disclosure of water contamination 
by effluents in the Baltic Sea region.

We would like to mention the related works in the area of development of the decision 
support systems proposed by J. Mysiak, C. Giupponi, and P. Rosato (Mysiak et al. 2005) 
created on the background of the MULINO project for water resources management, as 
well as the work of M. Pocha (Pocha et al. 2004) in which they proposed the methodology 
of designing environmental DSS. J. den Boer, E. den Boer, J. Jager proposed the decision 

Technological and Economic Development of Economy, 2015, 21(6): 869–884 871



support tool for waste management (den Boer et al. 2007; Ryu et al. 2009). Development 
of district’s analysis, such as the Lithuanian regions, based on sustainable development 
requirements and risks analysis, is provided in the research study (Dzemydaitė, Galinienė 
2013). Regional infrastructure disparities are evaluated by using spatial data envelopment 
analysis method (Galinienė, Dzemydaitė 2012). The infrastructure of DSS for good trans-
portation monitoring were proposed in (Dzemydiene, Dzindzalieta 2012; Andziulis et al. 
2012). The system of intellectual services providing for the closed apartment microclimate 
monitoring and ecological management is proposed by (Bielskis et al. 2011).

Most of the existing environmental information systems have evolved during a long 
period. Therefore, most of the systems are found to be both heterogeneous and scattered – 
without much possibility of using data and information in an integrated manner (Bhar-
gavaa et al. 2007; Maesa et al. 2012; Matthiesa et al. 2007; Pearson et al. 2010). 

Our research study is aimed to analyse the activities of enterprises, institutions, and 
organizations according to sustainability requirements. The on-line techniques allow us to 
access the distributed data warehouses for providing e-services. Multi-aspect analysis tech-
niques allow us to identify the water quality situation in rivers, lakes, marine and ground 
water bodies, and to evaluate the concrete point sources of emissions. The high data storing, 
analysis, and reporting requirements are used. For assurance of interoperability, the XML, 
SOAP, and HTTP protocols are used. 

Originality and the value of our research are based on the development of the Water 
resource management information system (WRMIS) and provision of e-services on-line. 
That facilitates the access to data for the relevant institutions and public e-services. WRMIS 
helps control easy dataflow between the institutions and service providers. The structure 
of the kernel part of the WRMIS was presented in (Dzemydienė et al. 2008b; Dzemydiene, 
Maskeliunas 2011). 

The purpose of this work is to provide e-services by unifying the structures of distribut-
ed information systems, while estimating proposals how to simulate situations, intellectu-
alize the estimation of environment pollution by evaluating the wastewater emission from 
contamination objects. A multi-componential structure of information systems belonging 
to different institutions is proposed. The examples of e-service compositions by using work-
flow structures are described. The interoperable infrastructure of unified data warehouses 
for on-line e-services is designed and possibilities of dataflow between different institutions 
of public administration as well as of multi-aspect data analysis according to the efficiency 
of wastewater treatment in districts of Lithuania are presented. 

2. Components of interoperable data warehouses for evaluating  
water contamination processes

The countries located in the Baltic Sea region are aimed at making cleaner the ground and 
surface water in rivers, lakes, the Kuršiai Lagoon, and the Baltic Sea, and to maintain a wide 
variety of ecosystems, to make the surface water bodies cleaner, possible for recreational 
purposes, and to supply all residents of the country with safe and high quality drinking 
water.
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It is important to timely solve the following tasks: 
 – To reduce the pool pollution by 810 tons of nitrogen, 85 tons of phosphorus, the 
biochemical oxygen demand within 7 days – by 1050 tons, compared to 2004; 

 – To reduce diffuse pollution with nitrogen and phosphorus; 
 – To ensure that all economic activities were organised so that the pollutants which 
are hazardous to the environment and human health would not get into surface and 
ground water (Government of the Republic of Lithuania, Resolution No. 1247, 2009-
09-16). 

To achieve these objectives, it is important to reduce the surface and ground water 
pollution with the help of the state, local, private, and/or EU structural support funds.

We have to evaluate the situation continually, taking into account the usage of water 
resources, wastewater effluxes, waste utilization, contamination levels, protection efficiency, 
etc. in different regions and districts. To this end, the decision support should be integrated 
with data warehouses. 

We propose the principal schema of workflows among the main system components 
(Fig. 1). An expected future of data flows in EU can be expressed as interconnection be-
tween decision makers of public institutions and distributed databases (Fig. 1). 

The main flows of data and information are between such institutions as: 
 – European Environment Information and Observation Network (EIONET); 
 – Statistical Office of the European Communities (EuroStat); 
 – Directorate-General of EC and National Reference Centres; 
 – National Focal Point; 
 – Organisation for Economic Co-operation and Development (OECD); 
 – Infrastructure of EIONET for supporting and improving data and information flows 
(ReportNet); 

 – United Nations Environment Programme (UNEP); 
 – Other institutions that can dynamically connect to this system.

Data flows among distributed databases have caused the following problems of situation 
management for support of public e-services:

 – a strict division between ground, marine, and fresh water influences the problems of 
the integrated strategic management of the whole water sector;

 – a high amount of data, available in the different institutions, causes the problem of 
interoperability among distributed databases;

 – a high degree of dedication and specialisation has influence on the special require-
ments and needs of data security and publicity;

 – there is no strong tradition in the coordination and sharing of data and knowledge 
on the Internet.

The interface between data warehouses and web applications is developed using web 
service development tools, based on XML, SOAP, HTTP protocols. The meta-models are 
used for a unified networking of data warehouses.
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3. Provision of water protection information, based  
on the semi-automatic e-service composition

The advisory system is aimed at assisting processes that include the situation recognition, 
planning, and control processes in the environment protection area. The infrastructure 
of information systems is closely connected to e-service providers. The structures of data 

Fig. 1. The scheme of water monitoring and analysis
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warehouses are integrated with knowledge modelling techniques and the revealed informa-
tion is applied in the decision support. The types of services are divided according to work-
place types and their needs for different specialists – data analysts. A software developer is 
not involved here; information is provided via e-services.

The system uses a composition of several services based on user requirements and 
contextual information recognition. 

A composition of several services depends on the requirements provided by the end-us-
ers. In the composition of e-services artificial intelligence (AI) planning tools are used 
based or goal-driven approach applied in the work of (Portchelvi et al. 2012). However, 
the end-user should have some software engineering knowledge, in order to define the 
planning problem in a format of the AI planner. We propose SHOP2 as a tool developed 
for this purpose.

The Goal-Based Service Framework proposed by da Silva Santos et al. (2009) is used in 
our approach. The water resource management domain specification is created based on 
the Goal-Based Service Ontology. 

An e-service composition can be treated as a planning problem, i.e. the performance of 
the required services in correct order. This order (execution plan) can be determined using 
artificial intelligence planning methods and tools. We have chosen SHOP2 – a hierarchical 
task network (HTN) planner (Nau et al. 2003) for plan generation. 

An input planning problem and planning domain definitions are presented in a for-
mat similar to the Planning Domain Definition Language, and the abstract workflow is 
produced in SHOP2 planner. The composition requirements, based on the concepts of 
water resource management domain specification are presented by users. The solution 
distinguishes various types and levels of goals. E.g., some user can provide the goal Keep-
WasteWaterContaminationAtSafeLevel; this goal can be decomposed to lower level goals, 
i.e., TrackContaminationLevels, ReportIncreasedContaminationLevels, which, in their turn, 
can be decomposed further, too (see Fig. 2). 

Each task helps achieve the goal, and can be an AtomicTask or a ComplexTask. Tasks 
are mapped directly to a HTN planning domain. The AtomicTask is mapped to an operator 
in HTN (HTNOperator), and the ComplextTask corresponds to CompoundHTNTask. The 
CompoundHTNTask uses the HTNMethod for task decomposition (see Fig. 3).

Fig. 2. An example of goal decomposition

Report increased contamination levels Track contamination levels

Keep waste water contamination at safe level goal and decomposition

Keep waste water contamination at safe level Goal and decomposition
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If the knowledge base conforms to the presented model, the goals are decomposed into 
tasks and mapped to the HTN planning domain. The tasks that are members of Computation-
alServiceTask are performed by a ComputationalService (i.e., e-service) in the e-service com-
position scenario. So, the system transforms the planner’s results into e-service execution calls.

The scheme of relationships between the entities of the e-service composition system is 
presented in Figure 4. The scheme represents entities of dataflow, workflow, and collabora-
tion processes, as well as surface water quality monitoring processes.

We consider the activities of enterprises, firms, and organizations, i.e. the main station-
ary objects, to estimate pollution of water bodies. In addition, the objects must give reports 
according to their activities pursued and in line with the statistical accountability forms.

The water resource management information system is a core of the on-line working 
decision support system. WRMIS warrants the access to the information that is stored in 
specialised distributed data warehouses, and both the point sources (emissions) and the 
surface water quality in rivers, lakes, and ground water are estimated. 

The use of WRMIS allows gaining the following advantages:
 – distributed databases are maintained by experts in the places of data collection;
 – the data are shared via the Internet, without the need for data replication and redun-
dancy;

 – water resource data are integrated with maps, supporting the water quality and point 
sources data management, analysis, and reporting. 

The e-service interconnections of WRMIS are presented in Figure 5. The European 
Environment Information and Observation Network is responsible for the ReportNet infra-
structure to support and improve data and information flows. The Joint Research Centres 
of EU countries are accumulating the surface water data in the data warehouses. All the 
countries are collecting data on ground, surface, marine water quality, and point sources. 

Fig. 3. Task decomposition and the relationship to goals and services
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Fig. 4. Relationships between entities of the e-service composition system

Fig. 5. The scheme of WRMIS inter-connections of main databases and portal
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The main institutions such as the Geological Survey of Lithuania, Lithuanian Hy-
dro-meteorological Service, Ministry of Environment of the Republic of Lithuania, and the 
Marine Research Centre are responsible for collecting, maintaining and providing such data 
in Lithuania. WRMIS is an infrastructure that combines and integrates multi-dimensional 
water resource information. 

A dynamical change of values of the observed parameters is possible, depending on 
events occurring. In addition, solution of different problems can cause interferences.

4. Results of multi-aspect analysis of environmental data 

For illustration of the working WRMIS system we present the information provided by 
one type of windows (Fig. 6). Applying the multi-aspect analysis techniques to the data 
warehouses, we get the information about the usage of water resources and contamination 
results according to the concrete geographical position a water resource (Longitude and 
Latitude coordinates), time, and the means of concrete observable parameters during the 
monitoring process. 

The view of parameters that can be displayed is composed according to the Goal-based 
decomposition and can vary due to the temperature of water, pH, concentrations of chem-
ical materials, salt in a water body, etc. The answers are composed into the e-services, and 
can be presented in tables (see Fig. 6) or graphs.

Fig. 6. WRMIS water contamination data view for the decision support
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The results can be displayed, e.g., by wastewater discharges from farms and household 
production into the surface waters in the Lithuanian districts. The illustration of graphical 
presentation of dynamic results of wastewater efflux from farms and household production 
in 2003–2012 is presented in Figure 7. 

The results of analysing data dynamics – the wastewater which was treated to normal 
level in Lithuania during 2003–2012 year period is presented in Figure 8.

The results of the analysis of insufficiently treated wastewaters released into surface 
waters in the districts of Lithuania in 2011–2012 are presented in Figure 9. 

Fig. 7. The wastewater discharges from farms and household production into surface waters  
in the districts of Lithuania during 2003–2012 years

Fig. 8. The results of the analysis on the normally treated wastewaters releases into surface waters  
in the districts of Lithuania during the period 2003–2012
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Conclusions

The approach for representing interconnections of the Water resource management infor-
mation system and possibilities of semi-automated e-service composition are presented. 
The interoperable data warehouses are interconnected in a coherent framework. The Eu-
ropean Environment Information and Observation Network is responsible for ReportNet, 
i.e. the infrastructure for supporting and improving data and information flows. The Joint 
Research Centres accumulate all information on the surface water in data warehouses of the 
EU countries. All the countries provide data about specific geological, hydro and meteoro-
logical data changes. The Geological Survey of Lithuania, Lithuanian Hydrometeorological 
Service, Ministry of Environment of the Republic of Lithuania, and Marine Research Cen-
tre are responsible for providing and maintaining such data in data warehouses in Lithu-
ania. WRMIS combines multi-dimensional infrastructure of information. The components 
of decision support information infrastructure for evaluating the wastewater contamination 
are described. 

The representation of dynamical aspects shows the dynamics of observable processes. 
The monitoring subsystems are as agents working in parallel, while the temporal informa-
tion window organizes the communication. The multiple objective decision making deals 
with the analysis of information obtained from the static sub-model taking into account 
all possible measurement points revealed in the temporal window of dynamically changed 
information. 

The means of enterprise development should be based on a versatile responsibility of 
enterprises and stimulation of efficiency, paying even more attention to the requirements of 
sustainable development and to the issues of environment protection: strategic and tactical 
planning and control, estimation of economic-social balance, application of information 
technologies and constant check systems, as well as to the legal regulation effect.
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