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Summary

The application of Geografic Information Systems (GIS) for water resource management
and water quality protection in Poland is presented devoting particularly the Hydrographic
Division Information System for Poland (MPHP). The MPHP System will form the basis for
awater management information subsystem including an information system for the Ministry
of the Environment. The created information resources will become obligatory sources of
actual data to support the water network and new hydrographic divisions for al actions
regarding water management.

I ntroduction

The idea of hydrographic division consists of an identification of basins and catchments of
individual elements of the hydrological network and the systematization of those elements
and their basinsin hydrographic order, i.e. according to an increase of the basin area.

In the middle of the 1980's the Institute of Meteorology and Water Management (IMGW)
has created an analogue of the Hydrographic Division Atlas of Poland in the scale of
1:200000 containing a distinction of the country into catchments up to the fifth order. This
study was a basis for planning and management of water resources in Poland. While time was
passing by that information source became more and more insufficient, i.e. not detailed
enough and not adjustable to modern information systems.

With “ENVIRONMENT”, an integrated information system was created by Ministry of the
Environment. The Institute of Meteorology and Water Management made a commitment to
create a new hydrographic distinction of the country and to produce the transformation into a
numeric form. The necessity of that new analysis emerged from

natural changes of the surface of the water network,
changes of the surface of the water network of the country as aresult of human activities
e.g. watercourse control, land melioration, urban development,
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land reshaping and land changes mainly connected with anthropogenic pressures which
influenced the rivers’ routes,

the adoption of a new division criterion with more detailed hydrographic units as a result
of taking small economic catchments into consideration,

the necessity of increasing the cartographic accuracy, and

the necessity of updating a lot of issues connected to hydrography, such as water names,
river lengths, size of basins and catchments etc.

The analysis referred to the whole country and the territory abroad but within the scope of
the river network of Poland. The purpose of creating a new Hydrographic Division
Information System for Poland was to create a foundation of new order for the Integrated
Information System (11S) for Water Management in which each individual object of water
management is located in a hydrographic reference system. This means that each object is
located on the river network and in the drainage area of the hydrography division. It provides
the necessary consistency of the information system on al levels of 1S for water management
implemantation.

Hydrographic Division Information System for Poland

Having started working on the modern Hydrographic Division Information System for
Poland (MPHP) in 1997, the main task was to support the water resource management on a
central as well as on a regiona level. The Hydrographic Division Information System for
Poland has been created as a new product which assures the execution of severa crucia
functions and provides new possibilities developed with a numerical analysis with the
character of spatia information systems. The basis to the subject, the identification
methodology of the hydrographic divisions, the scope of the information system and its
functionality were based on principles established by the Institute of Meteorology and Water
Management which is supervised by the Ministry of the Environment that leads those
scientific works.

ESRI Poland and NEOKART GIS prepared a methodology and guidelines for creating the
thematic layers and databases of the system. Based on a project assumption and methodical
solutions, Neokart GIS created an adequate application software, gained numeric data and
implemented the MPHP system.

General ideas of the system

During the development of the MPHP system severa requirements had to be considered
which were a consequence of the formal, organizational and technical conditions. Crucial
principles are the following:

data sources are topographic maps in the scale of 1:50 000 in projection 1942,
ESRI and ARC/INFO apply for geometric and atribute data,
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appointed catchments have been assigned to unique hydrographic identifiers given by the
IMGW,

water network objects are named according to the state of the geographical name register,

al objects of the system have got geometric and attribute characteristics,

the MPHP data must be agreed upon with neighbouring countries according to a
hydrographic boundary, and

the MPHP is funcionally connected with other data bases of the Integrated Information
System “ENVIRONMENT”.

Infor mation scope of the system

The Information scope of the system includes data concerning elements of the water
network and separates regional units within the hydrographic division. All data are spatially
referenced, to generate information according to topological connections and to execute
different spatial analyses. The system integrates the following attributes:

Main water network surface (natural and artificial rivers and lakes):
- hydrographic identifier
- main and additional name
- geometric data about position and form of the object
- descriptive characteristics
- type and character of the element
- length, width and order of parts or the whole stream
- areaand perimeter.

Hydrographic division (catchments and watersheds):
- hydrographic identifier of the catchment
- name of catchment
- geometric data about location and form
- descriptive characteristics
- kind, type and character of the element
- area, perimeter and order of catchment
- length of watersheds

The structur e of the database

The MPHP system contains spatial and attribute data. ARC/INFO has got a hybrid database
model, in which both kinds of data can be combined and used. For the spatial data recording a
topological vector model was applied which is characterised by an efficient data recording
and which is easily convertible.
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Figurel: The database model of MPHP System

In the MPHP system point, line and polygon objects were specified. The whole database
was divided into information layers. In the MPHP the following groups of information layers
were formed:

Fundamental layers

catchments, hierarchic units, watersheds, nodes of water divides
main rivers (section of rivers, rivers as routes, water nodes)
main lakes (water region)

The objects of this group have got afull and up-to-date information dataset. Each individual
part has been accurately analysed by a geometric examination and an attribute verification.

Supplementary layers

other rivers
other lakes

Supplementary layers are supplements for the main water network surface. In future objects
from these layers can be hydrographically analyzed and may supply main layers.

Additional layers

Administrative boundaries
Transport network
Cities
Map sheets
The additional layers are accumulated objects that do not concern the hydrographic division

but which enable the user to conduct spatial analyses or to orient the hydrographic division
map in relation to chosen elements. Using those layersis optional .
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Figure 2: Information layers of the MPHP system database

Thefunctional structure of the MPHP system

The MPHP system has got five basic modules of application programmes:

0]

ADMINISTRATION — programmes for the management of users and the glossary
service of the system.

LOADING AND VERIFICATION OF THE DATA — programmes that accomplish
various types of data control obtained in the process of the MPHP data conversion to
the numeric format set with an established structure, creating reports from the
process of data verification and loading the data to the database.

DATA EDITING - functions which allow another data control to merge with each
portion of data and its recording in the database as well as bringing in changes in
database objects.

MAKING THE DATA AVAILABLE - programmes which alow generating and
transfering selected information.

DATA PRESENTATION — programmes which allow an extensive anaysis and data
presentation.

Theworking environment of the MPHP system

The presumptions regarding the hardware and software platforms for the construction of the
MPHP system have depended on the stage of redlisation of the project. The implemented
solutions are divided into three basic phases of system functioning:

Dataacquisition

A simple software tool has been used for the numeric data aquisition which realized
functions of data input and control that worked on independent computers. Data files that
had been prepared in proper exchange formats were feeding the MPHP system database

step-by-step.



76 GIS * Effective Support in Water Resource Management

DATA ACQUISITION

[ Tools ] [ Tools ]
DATABASE CREATION
ARC/INFO
format

[ Tools

f

Arc/View ][ Arc/View ][ Arc/View ]

[

TABASE UTILISATION

format ARC/INFO

[ Arc/View ] [ Arc/View ] [ Arc/View ]

Figure 3: The software environment of the MPHP system.

Database creation
As the basic tool to create the database the ARC/INFO software has been used. It has also
been utilised to verify the data and to control the construction and topology connections as
well asto consolidate the data to be fed to the central database. The access to the database was
granted by a standard ArcView software, cooperating directly with ARC/INFO databases,
which included a broad set of map creation functions, table data management functions and
different types of data management devices.

Database utilisation

With the aim of storing and managing the MPHP database, an effective tool for assuring a
quick information access, the continuity of the geometric database, full geometric and
atribute data integration as well as client-server architecture is aspired. Taking the final
decisions in this aspect will depend on the technical progress and the readlisation of the
“ENVIRONMENT” Integrated Information System. Currently, we purpose using a Spatial
Database Engine (SDE) tool in conjunction with the ORACLE database server for this reason.
In the exploitation of the system phase the access to the database will be possible with the
standard ArcView software, and the data access for external users will be granted in agreed
exchange formats. For the organisation of the service and the technical support of the process
of granting the access to the information resources, a qualified access system to the MPHP
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data has been developed. This system allows registering the users and the preparation of the
requested data transfer. The user also receives an information set performing an evidence of
the quality and contents saved in the XML format meta-data. The automatic data
visualization, a standard user application, has been developed using the ArcView and
ArcExplorer software explorer.
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Figure 4: Examples for the contents of the MPHP database

Products of the MPHP System

Based on the MPHP database containing full geometric and descriptive characteristics of the
river network and catchments severa products of the system have been created and made
available, in the form of maps, comparisons, reports and data files. Cartographic presentations
include working maps of an unlimited area coverage and different topical scopes and
cartographic publications in a form of a hydrographic division map with underlay contents. It
Is planned to start the composition and to issue the new , Hydrographic Division Atlas of
Poland” based on the information resources of the MPHP. The Ministry of the Environment
supports this edition as a continuation of the MPHP which leads to an increased and more
general usage.

The products in a form of comparisons and reports are created in different stages of system
functioning and mostly cover reports of the database creation process and requested
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descriptive-numeric comparisons, regarding the basic system objects. Numeric data sets are
made available according to rules and methods created especially for this purpose. It has been
planned to pass the numeric datain four different formats and in three types of coordinates.

Figure 5: Reference data for the Integrated Water Management System

Key characteristics of the MPHP system and planned development pathways

The created MPHP spatial information system is the first uniform digital hydrographic
system that covers the whole country with the surrounding areas. It aso creates a base for a
complex hydrographic information system in Poland. A new hydrographic reference system
and the hydrographic area units coding system created by the Polish IMGW (Institute for
Meteorology and Water Management) form a base to order the spatial connections for the
water management objects. It will cause a necessity to adjust the existing database regarding
meteorology, hydrology and all forms of water management to a new hydrographic division
of the country’ s territory.

The usage of the ordered and topologically correct information MPHP resources will create
the conditions to realise many useful functions of GIS systems, essentially in hydrographical
implementations such as:
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- the calculation of the length of the river course / location according to specified
kilometres of theriver course

- thecalculation of distances along water streams

- the specification of right-hand and |eft-hand tributaries

- the search for objects under various conditions

- the determination of the characteristics of catchments, streams and water
reservoirs, and

- thedelineation of buffer zones.

In the frames of the MPHP system development it has been planned to enlarge the
information set resulting from the system requirements and from the Polish legal regulations
(Polish Water Law) as well as international legal acts (Framework Water Directive of the
European Community - 2000/60/EC).

Several thematic layers will be created on the base of the MPHP system which forms an
obligatory hydrographic reference. Realising these intentions in afirst step the Stream Gauges
Information System of Poland has been developed. It includes detailed information about
water gauges and provides the possibility to add tables of corresponding time series gathered
in the Central Historical Database IMGW.

Figure 6: Hydrographic reference data for crisis management and flood management planning
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Main areas of MPHP applications

The basic functions of the developed and implemented Hydrographic Division Information
System for Poland are aquisition, verification, storage, updating, manipulation, analysis and
presentation of data about the water network and the single catchments. The location of the
MPHP system within the structures of the Integrated Information System “ENVIRONMENT”
assures functional connections with other databases of this system and alows to use and
exchange the data of common information layers. Main fields of the implementation of the
MPHP information resource are water management, flood protection and the environmental
management.

Figure 7: Support to the natural environment management and protection system

Water M anagement

The Hydrographic Division Information System for Poland will be the base for the creation
of the Integrated Water Management Information System, for water recources and water
protection management. In the frames of the [1S Water Management System a water cathaster
will be built up. That will create conditions for the creation of water management plans in
accordance with the European Water Law and Framework Water Directive (2000/60/EC).
Furthermore, assembled information of the Integrated Water Management Information
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System enables analyses of the state of water resources, their spatial variability and their
influence on the natural environment.

Flood Protection

The information collected in the MPHP system provides hydrographic reference data for the
planning of flood management. Hydrographic data, water stage observation, data on the water
flow intensities on gauges and the Digital Terrain Model (DTM) will support the planning and
delineation of the extent and the structure of the Flood Hazard Zone, water surface profile
modelling and simulation, floodplain mapping and 3D visualisation of areas at risk of flood.

Environmental Management

Water is a crucial component of the natural environment. Thus, the Hydrographic Division
Information System for Poland produces a fundamental support to general environmental
management and protection systems.The water network information provides hydrographic
references for geology, hydrology, climatology, forestry, agriculture, nature conservation and
other natural sciences. Furthermore, the MPHP data are spatial references for river and lake
monitoring regarding water quality and pollutant dispersion in surfaces waters which is
crucial for water quality management.

Conclusions

Actuadly, the fundamental work on the Hydrographic Division Information System for
Poland has been finished and the system has been passed into operating stage. Concerning its
accuracy, the MPHP database is related to maps in the scale of 1:50 000 and is mainly
dedicated to practical usage for the regional range.

The hydrographic database of the MPHP is applicable in research to analyse flood modelsin
Poland, in physical planning, environmental protection and in sections of national economy.
The numerical hydrographic division map of Poland integrates information and supports a
rapid exchange of data between all ingtitution interested in water management like for
instance: Department of Water Resources, Institute for Meteorology and Water Management,
Regiona Board for Water Management, Voivodship Inspectors of Environmental Protection,
Crisis Committees, Research Institutes, Government Administration, and local
administrations.



