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Abstract— This paper addresses the issue of providing data 

quality exchange in data management platforms to ensure 

adequate data interpretation across different systems. Data 

quality metadata exchange is analyzed in data exchange in 

hydrology and hydropower monitoring, with emphasis on 

exchange of data for further use in mathematical modeling. 

A service-oriented solution is proposed in data quality 

modelling and exchange for seamless integration in existing 

data management platforms. Examples from hydro-

information system for Drina river basin are used 

throughout the paper. 

I. INTRODUCTION 

The value of digital data as market goods is becoming 
increasingly important in current economy. The value of 
data is closely related to the perception of data quality and 
its usability in digital environments. However, the quality 
of data is not generally well defined and can be perceived 
quite differently across various data management 
platforms. Therefore, the real value of data in specific 
system may be lessened because of diverse interpretation 
of data quality, especially when data is used in 
mathematical modelling and data assimilation. Evidently, 
there is a need for unified approach in data quality 
exchange and metadata interoperability between various 
information systems. 

Water represents a resource of vital importance and one 
of the main factors of economic and social development. 
The expansion of information technologies has provided 
the opportunity to collect huge amounts o data that are 
necessary for various analysis and decision-making in 
hydrology [1]. Integrated water resources management 
requires the collection of data from multiple data suppliers 
and utilization by many different stakeholders to support 
the decision-making process. Sustainable business 
decisions are based on contingent of good data which is 
the result of effective data quality management [2]. The 
level of data quality defines data usability. For that reason, 
information on data quality must be implemented within 
the data exchange process. 

Data exchange process in multidisciplinary researches 
is based on many-to-many relation between data suppliers 
and data consumers. Improvement of metadata 
interoperability is required to meet the needs of data 

interpretation process [3]. New technologies have opened 
the possibility and made inquire for exchanging data in 
machine-automated and interoperable ways [4]. 

Data exchange is vital for water resource management 
and there are already numerous data management 
platforms and best-practices available [5]. However, 
simulation models and decision support systems for water 
resource management are very sensitive regarding data 
quality, and usually this quality is application-specific. 
The standards for data exchange, e.g. WaterML 2.0, do 
not incorporate data quality metadata exchange or 
metadata interoperability [6]. Therefore, usability of 
exchanged data in consumer application may be different 
from supplier application. 

II. DATA QUALITY METADATA IN DATA MANAGEMENT 

PLATFORM FOR HYDROPOWER SYSTEMS 

Nowadays, there are various data management 
platforms for hydropower systems. Usually, Supervisory 
Control and Data Acquisition (SCADA) systems are used 
for critical processes in hydropower facilities. Due to the 
sensitivity of control issue data exchange is limited and 
unidirectional (SCADA is the data provider). However, 
other important data is available from other providers, 
such as monitoring networks and public services. Special 
data management platforms are used for centralizing data 
in hydropower systems, and these platforms are used in 
conjunction with mathematical models for decision 
support. Generally, these specialized platforms are known 
as hydro-information systems. 

The concept of a hydro-information system has been 
recently developed and it connects measurement systems 
and simulation models for water resources planning and 
management [7]. Although hydro-information systems are 
not necessarily designed on the service-oriented 
principles, every day practice demonstrates that it is 
highly desirable for the software solution of such a system 
to be defined as an open service-oriented architecture, due 
to the diversity of measurement systems and simulation 
models. Such an approach would simplify the complexity 
of a solution and improve the re-usability of the software, 
along with the possibility of a dynamic integration of 
different components and simplification of their 
maintenance and development. 
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Figure 1. HIS “Drina” architecture overview 

 
Figure 2. Data quality metadata in HIS “Drina”  

Because of the complexity of water resources 
exploitation, both of natural and artificial origins, hydro-
information systems have been designed as platforms with 
broad extension possibilities, whose structure is frequently 
modified because of changes in the mode of exploitation. 
Regardless of a HIS system or the goals of its 
development, the most important part of such a system is 
its hydrologic component, because the natural water flow 
is the most important factor in water resources 
management. However, hydro-information systems 
represent potentially broader systems that include 
electricity generation, irrigation, water supply and other 
artificial activities within a system, as well. The use of 
complex hydrological models is common in hydro-
information systems, as is in the case of HIS for Drina 
river basin. 

The “Drina” hydro-information system (HIS “Drina” 
for short) is a distributed hydro-information system 
designed according to service-oriented architecture, 
created for the decision-making support for management 
of the waters in the river Drina basin. It consists of various 
data management services, databases, and numerical 
modules. An overview of HIS “Drina” architecture is 
shown in Fig.1. 

The system is built on commercial technologies, with 
use of SQL Server database and .NET Framework. There 
are various schemas defined in Microsoft SQL server 
central database, and GIS-related data is stored in 
ArcHydro-based schema. All the services are proprietary, 
with open interface specifications, and are published as 
Web Services. 

The full use of HIS “Drina” relies on availability of 
data gathered from monitoring networks. The data 
required as simulation input are mostly meteorological 
measurements, while data necessary for state updating 
procedures [8] also include hydrological measurements 

and power plants’ productions and other information 
important for interpretation of current state of river basin. 

Acquisition of this data is mostly automated, which is 
done by data exchange with other information systems 
through specially designed services. Some data are 
manually measured and acquired through manual entry 
application by staff. In total, over 200 measurement 
stations are included in acquisition and represented with 
real-time and historic data. This data is readily available 
for use in user applications and numerical modules. 
Selected data can be monitored through HIS “Drina” web 
portal, which provides data for all interested parties within 
river basin. 

Data may be acquired with or without quality measure. 
When there is no data quality provided, a proprietary data 
quality mechanism is used against acquired data before 
archiving. This is done through use of data receive and 
quality control layer. This layer uses measured data 
quality assessment algorithm, and is based on schema 
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Figure 3. Data quality metadata exchange in HIS “Drina” 

repository. Schemas are used for documenting data quality 
metadata so that every single measurement stored in 
central database is referenced to corresponding quality 
assessment method [9] used for obtaining data quality 
measure. An example of data quality schema is shown on 
Fig.2. 

Schema repository is managed through administrative 
tools and is updated when a new data provider is 
introduced in acquisition process. Schemas may be 
provided for further use along with HIS data. 

III. METHODOLOGY FOR DATA QUALTIY METADATA 

EXCHANGE 

Definition and delegation of roles, responsibilities, 
policies, and procedures within the process of acquisition, 
maintenance, dissemination, and disposition of data is 
known as a data quality management. Data quality is a 
multidimensional function. Decision support systems must 
be based on data that are complete, correct, and timely. 
Those data quality dimensions define degree of data 
quality [10]. 

The proposed data quality exchange methodology is 
relying on data quality metadata interoperability as a base 
for data quality reusability across various data 
management systems. The data for which the quality is 
being exchanged is represented as time series, whereas 
each of the time series’ quality is assessed using 
application-specific metrics. The result of assessment is 
data with data quality measure, which is usually 
exchanged without metadata on quality. 

For use in this platform, interoperable schema defines 
application-specific metrics. The platform is designed to 
handle both continuous and discrete data streams. It is 
based on implementation of web services for metadata 
exchange. The metadata for data quality is tailored for 
hydrological and hydropower monitoring, i.e. point-based 
real-time monitoring. 

Given the scenario where data is exchanged between 
supplying and consuming service, the issue of data quality 
exchange should be carefully addressed. The supplier and 
the consumer usually do not use same data quality 

assessment algorithms. Therefore, it is crucial that 
metadata on data quality assessment is also exchanged. 
Ideally, the consumer has been already provided with 
metadata upon the start of data exchange, through formal 
procedure or service agreement. More often, the metadata 
may be missing when the consumer is receiving data, so it 
needs to be requested from the supplier. The data may also 
reference to an unknown schema, which also needs to be 
resolved. 

Web service for data quality exchange is used whenever 
there is quality measure in the stream that is described by 
unknown schema. Consumer service prompts supplier 
service with request, and supplier service exchanges 
metadata with consumer. The provided metadata is stored 
in consumer’s schema repository. Based on exchanged 
metadata, the consumer then interprets quality of the 
received data. 

One of the main features of this HIS “Drina” is the 
system for quality control of measured technical data. The 
concept of quality control of measured technical data 
provides insights into data accuracy, and data is further 
used in numerical simulations and decision making.  

Measured technical data is formed by measuring 
hydrotechnical and other important parameters. Apart 
from data value it has attributes that include record on 
measuring conditions, time of measuring, measuring 
equipment information, and other relevant information. 
One of the most important attribute is information about 
the data quality. This attribute is calculated and added to 
data in the process of quality control of measured 
technical data. 

Quality control of measured technical data has the 
important place in HIS and it can be implemented in two 
ways, regarding the interoperability of metadata from data 
supplier: 

• If data quality metadata is available, based on 
exchanged metadata, HIS interprets quality of the 
received data and stores original data quality 
measure, per proposed methodology. 

• If data quality metadata is not available, HIS-
specific quality control of measured technical 
data is executed after the acquisition process that 
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includes validation and before inserting data into 
central database along with all following 
attributes. 

IV. CONCLUSION 

System architecture is oriented to perform efficient data 
quality control that can be exchanged with other systems. 
This approach enables the users to use data more 
efficiently without designing and performing application-
specific metrics. 

The main drawback of proposed methodology is the 
implementation of web service for data quality metadata 
exchange for systems which are not designed with 
interoperability in mind.  

However, the proposed methodology relies on service-
oriented architecture and related standards, for which there 
are already numerous best-practices and guidelines for 
implementation. 

Further work will focus on bringing HIS closer to 
concepts of industrial data space and design of connector 
services for seamless integration in data exchange 
environments. 
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