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This paper presents a model of the hydro-information
system in the Republic of Macedonia. The model
is based on the latest information technologies using
GIS, integrated database and specialized applications,
allowing further development and upgrade. The paper
describes research objectives, methodology of work and
expected results in the development of the model of the
hydro-information system in the Republic of Macedonia.
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1. Introduction

Issues concerning the management of waters
in the world are getting more and more com-
plex. Continuous increase of population, se-
rious problems in providing clean and indus-
trial water and grand investments in the con-
struction of necessary infrastructure motivate
the government to seek efficient solutions for
successful management of waters. Successful
management of waters needs long term planning
concerning technical, economic, social and eco-
logical aspects.

Integrated water management needs develop-
ment of hydro-information system that enables
justified distribution of water resources. Hydro-
information system is used for management of
limited water resources, evaluation of the risk of
floods and droughts, quality of waters, require-
ments of the population, industry, agriculture,
electrical energy etc.

This paper explains the framework for creation
of the model of the hydro-information system

in the Republic of Macedonia. Model of the
hydro-information system is based on GIS tech-
nologies, relational database and prototype ap-
plications. The paper is a part of my ongo-
ing PhD research titled “Model of the hydro-
information system in the Republic of Macedo-

a2

nia .

Section 2 gives an overview of the similar project
in developed countries and my previous word
in GIS, programming, application development,
digitalization of maps and other data. Section
3 explains the research objectives and Section 4
the methodology of work. Section 5 describes
expected results and benefits from implementa-
tion of the project and Section 6 gives conclu-
sions and recommendations.

2. Motivation and Related Experience

Water is one of the key priorities in the Mil-
lennium Development Goals (MDGs) of the
United Nations. Price of clean water is growing
and itis an indispensable resource for the future.
The Republic of Macedonia is a country divided
into two parts concerning water. The western
part of the country, due to its geographic po-
sition, litological structure and bigger amounts
of rain, has more water compared to the eastern
part. Climate changes have great impact on the
water resources, especially in the eastern part
where the amount of water is already insuffi-
cient. This issue stimulates research in making
a hydro-information system that will allow bet-
ter water management and utilization.
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Around the world a number of scientists are in-
volved in the field of integrated management of
water recourses. The Center for Management of
Water Resources in the USA has finished several
projects concerning hydro-information systems
such as: GIS for Large-scale Watershed Obser-
vational Data Model [10], Water management
information system for the Rio Bravo/Grande
basin: Creation of a geo referenced data base
[11], Water availability model and geo-database
development for the Rio Grande basin [12] and
others.

Research is focused on the development of a de-
cision support system (DSS) as an integral part
of hydro-information system. A great num-
ber of projects in the field of decision and
optimization are the foundation for designing
and deploying original solution. Projects like
MULINO for creation of a system for inte-
grated water management built on standards of
EU — WFD (Water Framework Directive) [9]
are a valuable resource. Application MULINO
supports design and implementation of oper-
ational DSS based on hydro-modeling, multi-
variable indicators and a spatial multi-criteria
procedure for evaluation of management of wa-
ter resources. PhD thesis of Gijsbers, PJ.A [7]
explains the development and implementation
of DSS. Similar projects are implemented in
many other countries like Romania [1], [8], the
USA [5], England. There are several software
packages for integrated management of water
resources. One of them is WEAP (Water Eval-
uation and Planning System) which is a tool
for planning of water resources. WEAP is of-
ten used as an additional tool for evaluation of
models, data and other software.

A significant project concerning water manage-
ment in the Republic of Macedonia is “Inte-
grated development of Vardar Basin” [6]. This
project was done in 1975 and described the de-
velopment of the hydro-system of Vardar basin
in the next 50 years.

In the past several years my field of research
has been GIS, information system, geo-database
repository [3] [4], programming, etc. Simulta-
neously, a team from the Faculty of Natural
Sciences and Technology under my guidance
worked on digitalization and vectorization of
paper maps and data [2]. The goal was to include
digital /vector data into the geo-data repository
system. The team worked on the vectorizing
of the basic geological map of the Republic of
Macedonia in scale 1:200000, hydro-geological

map of the Republic of Macedonia in scale
1:200000, and other maps and data. The pre-
vious work together with the water-related data
collected from Macedonian institutions is the
foundation for creating the hydro-information
system in the Republic of Macedonia.

3. Research Objectives

Research objectives in this project are divided
in four packages:

1) Creation of the model of hydro-information
system in the Republic of Macedonia and
creation of prototype software.

2) Testing and optimization of the model and
the software.

3) Validation of the model and software appli-
cations with the gathered data.

4) Creation of DSS, testing and evaluation.

Model of the hydro-information system will
allow creation of an integral system for wa-
ter management in the Republic of Macedonia.
This will enable control, planning and develop-
ment in the water sector. The model is based
on knowledge and experience of world mod-
els having in mind specific characteristics of
the hydro-system in the Republic of Macedo-
nia. The system will provide decision support
in evaluating different solutions for the most
efficient use of water resources.

4. Methodology of Work

The project implementation is in three phases,
Figure 1. First phase name is input and archiv-
ing that starts with gathering of all relevant hy-
dro data in the Republic of Macedonia. These
include data of river flows (daily, monthly), lev-
els of dams (daily, monthly), rainfalls, under-
ground waters, weirs, dams, requirements of
population, industries, agriculture etc. Most of
the data is digital, but there is also paper data.
Paper data is converted into digital so it can be
used in the model. Almost all data have spa-
tial component and GIS software packages Ar-
cGIS, Maplnfo and other are used. Quality of
the model depends of the accuracy of the input
data. Special procedures and quality check are
done in order to have precise and accurate input
data. The next step is organizing and archiving
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digital data into relational database. Microsoft
SQL server 2005 is used as relational database.
Microsoft SQL Server has support for spatial
data allowing efficient access, organization, ad-
ministration and distribution of data. This is
a process of building hydro-data repository of
all relevant information for the model that will
make foundation for the further research and
development. Implementation of the relational
database Oracle is planned in future develop-
ment of the hydro-information system.
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Figure 1. Methodology of work.

Alongside with gathering of the data starts data
processing, the second phase of building of
the hydro-model in the Republic of Macedonia
named data processing. The second phase starts
with investigation of similar projects in devel-
oped countries and of the existing commercial
solutions. This research will provide strategy
for the building of the hydro-model. The model
will include Macedonian and EU legislative -
Water Framework Directive (WFD) that will
enable achieving EU standards in the Republic
of Macedonia concerning water-related issues.

Building of the hydro-model is done using .NET,
Java and other platforms and applications com-

bined with GIS software packages. Focus will
be on building of the application for decision
support system (DSS) specialized in water man-
agement. Water data have a time parameter that
will enable testing, calibration and validation
of the hydro model. Next activities are opti-
mization of the model, running simulations and
building of the DSS.

The third phase is presentation and dissemina-
tion of achieved results to the general public and
science community. Presentation of the results
will be done on the internet. Implementation of
the hydro-information system into state agency
for water will provide better management in the
water sector and improved legislation based on
the results of the model.

5. Expected Results

Based on the research objectives and method-
ology of work, the expected result is the cre-
ation of a model of the hydro-information sys-
tem in the Republic of Macedonia. The hydro-
information system will be based on GIS tech-
nologies, relational database and original soft-
ware applications for optimization, simulation,
prediction and decision. The expected results
are:

e Creation of centralized GIS system for hy-
dro resources of the Republic of Macedonia
including all relevant information for sup-
ply/demand of water (rivers, lakes, dams/
towns, industries, agriculture etc.)

e Development of hydro-information system
in the Republic of Macedonia based on gath-
ered data.

e Creation of original software application for
simulation, prediction and decision regard-
ing management of water resources in the
Republic of Macedonia. This will provide
solution for optimal use of water potential
and future development of the hydro system.

e Comparing the hydro-information system with
similar ones from developed countries.

e Possibility to implement this solution in gov-
ernmental institutions.
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6. Conclusion

This paper presents a general overview of the
model of the hydro-information system in the
Republic of Macedonia. The presented model is
based on experiences from the developed coun-
tries, taking into consideration the specific char-
acteristics of the Macedonian water informa-
tion and data. The model is based on the latest
information technologies using GIS, integrated
database and specialized applications, allowing
further development and upgrade. The paper
describes research objectives, methodology of
work and expected results in the development
of the model of the hydro-information system in
the Republic of Macedonia. For the completion
and implementation of the hydro-information
system, government support is required.
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