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Abstract The Hungarian Hydrological Service looks back upon a long history the hydrological data have been published regularly for more than hundred years. The project of setting up the Hungarian Hydrological Database (HunHydroDat) was launched in 1996. The concept of the system is not merely a physical database, but a veritable information system consisting of several components. The database is used by water agencies (over one thousand workstations are connected, more than 600 users hold valid licences) daily in performing their routine functions. Various substantial elements of the conceptual and logic data model are highlighted. Novelty of the solution is emphasized, in which the advantages of a centralised and a regionally subdivided data model are alloyed in a replication-based data model without incurring undesirable data redundancy. 
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1. Introduction

Hungary is situated in the basin surrounded by the Carpathian Range, which, in turn, forms part of the Danube Basin. Owing to the particular physico-geographic situation, the fact that over 90 % of the surface waters enter the country from her upstream neighbours, must always be remembered. Bearing this in mind, the HunHydroDat has also been conceived as an information system capable of handling the data and records arriving from the gauges and observation stations in the entire stream network of the Danube Basin.

References to hydrologic observations, collection of data on the area of Hungary extend back to some two thousand years. However, most of these historical data had been destroyed, so that regular, processed data are available from the first half of the last century alone. Some hydrologic data have been registered under a centrally organised and supervised pattern from the second half of the 19th century. The Section of Hydrography within the Ministry of Public Works and Transport was the first organisation set up in 1886 with the specific task of collecting, measuring, processing and assessing selected hydrologic data in the country, with the aim of preparing flood forecasts. This was the first regular hydrographic service in the Carpathian Basin.

In response to changes in economic conditions and in the expectations voiced vis-a-vis the hydrological data collection and processing activities, the organisational pattern underwent repeated modifications. The related functions were performed from 1890 by the Hydrographic Section within the Ministry of Agriculture, between 1929 and 1948 by the Hydrographic Institute in Budapest, from 1948 to 1952 by several water management agencies, from 1952 by the Water Resources Research Center, VITUKI, Budapest and since the 1970s, -80s by the 12 district water authorities. Professional work is being guided by the National Water Authority under the professional supervision of the competent ministry. Specific functions related to hydrologic data collection-processing are performed also by the National Meteorological Service, the Ministry of the Environment, the Hungarian State Geological Survey and several water users.

2. Justification and criteria of the database

The Hungarian Hydrological Service looks back upon a history that extends back to almost 150 years. Hydrological data have been published regularly for more than one-hundred years: daily on the Water Regime Maps, annually in the Hydrographic Yearbooks. The stage report conveying important information to many professionals and water users has been disseminated daily over the Hungarian Broadcasting Network for close to 70 years. The archives contain several hundred million data.

The operations of data entering and processing on conventional carriers have been increasingly expanded by the application of electronic equipment and computers. Beginning with the mid-1980s, the rapidly spreading use of personal computers has opened the avenue for the first – often DOS-based data storage and processing systems in Hungary.

In the early 1990s a growing demand was felt for supporting the work of data collection and processing by an advanced, user-friendy database environment. Work on the formulation of the Hungarian Hydrological Database (HunHydroDat) was started in 1996. The preparatory activites were terminated by 1999-2000.

For the development of the database the application of the Microsoft SQL Server was envisaged. MS SQL Server 7.0 database management systems were installed at the 15 participating institutions in autumn, 1999. The separate internal, virtual network of the water agency has been developed continuously since spring, 2000, which ensures continuous connection and data synchronisation (replication) between the database servers. The system uses presently MS SQL 2000 database servers.

3. The concept of the Hungarian Hydrological Database

The Hungarian Hydrological Database (HunHydroDat) is an essential component of the Hungarian water management information system. HunHydroDat is understood to mean actually, and also in the present paper, not merely a specific, physical database, but a veritable information system capable of performing complex functions, like data acquisition and entry, hydrologic data processing and assessment, including both quantity and quality data. Management of certain types of hydrometeorological data is also required. The sphere of the target data is thus a very broad one and comprises information on surface-, subsurface water and atmospheric moisture alike, which cover the entire hydrologic water cycle.

The key components of the HunHydroDat are:

· The integrated water feature identification and standard data management system covering the entire Danube Basin

· The user identification and profile management system based on the standard data manager

· Management of the telemetered (telereported) data entering the system continuously (automatically)

· The hydrological module serving operative objectives (OHM)

· The module entering the hydrologic data and handling the interrelations

· The graphic interface supporting the primary processing of the hydrologic data

· Programme modules to present authentic (public) hydrologic time series in tabular and graphic forms and to continue basic processing

4. Objectives, implementation phases

The basic aim of the system is to provide comprehensive support to hydrologic data acquisition/processing in Hungary.

In the first implementation phase – up to 2001 – the completed version of the Hungarian Hydrologic Database is capable of managing the hydrographic and some of the hydro-meteorological data. The aims envisaged in the successive implementation phases include:

· Management of water-related geologic features and the time series associated therewith

· Management of a wider sphere of hydro-meteorological data

· Management of, and support to, processing of data on water management, water uses

· Integration of water quality data into the system

In addition to new programmes and applications, the composition of data will also be expanded as necessary in the next implementation phases and/or the existing one will be modified in response to new and changing demands. The existing programmes and applications having no direct access to the primary data tabulations, this will involve replacement of only a few of the current programmes and applications. On the contrary, the system will benefit from this type of cyclic development strategy, in which the experiences gained during operation are fed back to the subsequent phase of planning the next stage of implementation.

5. Identification of the water features

Owing to the fact - mentioned in the introduction already - that over 90 % of the surface waters enter the country from her upstream neighbours, identification of the water features in the whole Danube Basin, further management of the baseline and time series data had to be provided for in the Hungarian Hydrologic Database.

As regards the identification of water features, the following solutions adopted in the HunHydroDat are believed to be worthy of interest. One of these concerns the global, specific method of water feature identification, which includes the possibility of expanding the sphere of water feature types and properties wile running the application.

1. The system is capable of handling uniformly and comprehensively any type of water feature. The type may be an element of the natural water network (stream, lake, catchment, etc.) or a man-made feature (gauging station, structure, defence section, etc.).

2. The system affords the necessary degree of flexibility as regards the feature types and related “feature properties” handled. In this way the introduction of additional water feature types and baseline data does not require any modification of the existing data structure.

3. Agencies and users defined by their entitlements and functions form an integral part of the baseline data management system (database).

4. The database comprises the HunHydroDat list of terminology and the data dictionary as well.
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The following logic model illustrates the interrelation between the water features and the corresponding baseline and time series data:

Figure 1.1 Logical data structure

The water feature types are arranged into classes. The data table defining the properties of the water feature (tProperty) serves at the same time as the data dictionary of the system. A particular feature type may have several properties and conversely a particular property may be common to several types. The table representing the several-to-several relationship has several further properties and the entitlements assigned to the group (role) point also to this table.

The definition table (tObject) of the water features (units) has a 128 bit global unique identifier code. The actual baseline table, which displays present conditions and serves in many cases operative purposes as well, stores the data (Data Value) in the variant field embedded in a binary SQL type, which has appeared as the extension of the standard SQL language in the Transact SQL language of the MS SQL2000 database server. The system contains for each data item (row) the global user identification code, which identifies the person who has created, or modified last that item. In the case of the hydrologic time series, instead of the tTime Series table, specific tables pertain to the hydrologic data types, since these data types cannot be expressed any more efficiently by an sql_variant data type, but by a data structure.

6. Substantial elements of the data model

In the implementation of the Hungarian Hydrological Database the following data model elements are highlighted:

1. The data are stored on three levels. The first level comprises the sphere of the original, entered (raw) data, which are stored in unchanged form at the local agencies. The second level comprises the sphere of data intended for processing. The third level comprises finally a hydrologic time series, as the product of processing, which is accessible nation-wide as needed.

2. The Hungarian Hydrological Database operates at many agencies spread over the country. The need for a central station, where data integrity is guaranteed and all information can be accessed authentically arose in the planning phase already. Conflicting therewith was the requirement to enable the district water authorities to operate the system independently, with full responsibility. Consideration was given to the possibility of making the data/information in a split form without redundancy. This would have meant, however, often queries of large volumes of data over a slow network, so this was also rejected. It was decided therefore to adopt a replication technique, in which there is no central station, the necessary data are locally accessible and the replication of data does not result in data redundancy. The intent was to alloy the advantages of centralised and subdivided database model.

3. In the redundancy free hydrologic time series the data are contained in a way making the past, current and processed time series available simultaneously in a co-ordinated manner.

Publisher Servers may be present at every station (local data management and processing agency) in the system. In the interest of nation wide data integrity a central Distribution Server in Budapest controls the system. The merged files and those managed by transactional replication are forwarded to all local agencies as subscribers.

According to the SQL2000 implementation, the publications contain articles. A possibility is thus offered for horizontal merging (data rows) and vertical merging (data fields) of the data sources. Horizontal merging prevents the publishing local agencies from creating data conflicts that result in replication conflicts. The typical type of replication is here merge replication, which is executed from the distribution server to the subscriber stations in the form of “push replication”.

7. System management

In the case of the Hungarian Hydrological Database the state, operating conditions of the system are monitored by a central system management. VITUKI Plc is presently performing this function under a contract. Continuous updating of the databases on which the system is founded, conservation of data integrity and maintenance of continuous (automated) data replication are the primary functions of management.

In the course of data replication data are communicated in a divided manner, under light loading every minute. In normal cases the routine data are replaced nation wide at 15-21 minute intervals of time. At times of flood emergency the local agencies involved exchange data at 5-10 minute intervals. This technique is founded in the case of the SQL 2000 server on merge data replication. Critical data requiring prompt availability are updated by transactional replication. Baseline data appearing nation wide in identical form are communicated to the local agencies by snapshot replication. Large-volume time series and results of processing are finally entered into the national system during night hours by phased merge replication.

Important components of the system management are the system hosts at the local agencies, who are assisted in their work by detailed operating instructions.

The system incorporates a fair margin of error, so that following e.g. the interruption of a remote data link caused by a breakdown of the communication connection, the processes are normally restored automatically in most cases. It was found necessary to fine-tune some of the connections. This was accomplished by adjusting, modifying the profile of programme files supervised by the SQL Server Agent which carried out data replication physically. Specific parameters, like BepPathcSize, LogiTimeout, PollngInterval, Querytimeout, etc., could be adjusted individually.

8. The sphere of data currently managed

The Hungarian Hydrological Database has been developed so far for handling and processing the following types of data:

1. Water levels

2. Measured river discharges

3. Correction factors of bi- and multivariate Q-H relations

4. Temperature time series of surface waters

5. Phreatic groundwater level- and temperature time series

6. Head- and temperature time series of confined groundwater

7. Precipitation depths, weather phenomena associated with precipitation

8. Air temperature time series

9. Ice phenomena, ice thickness observations

10. Snow cover thickness, water equivalent

As a result of the current hydrographic practice in Hungry, several kinds of time series are initially available on the same phenomenon. Some types of data – water levels in particular – are read by trained operators (raw data), but at some gauging stations automatic recording instrument may also be installed, which forward the data continuously, even by telemetry, to the local processing centre. On rare occasions, time series of instrumental checks performed with special care are also available. The time series obtained by direct observation, by telemetry, from records, etc. are processed with a graphic interface programme module. The functions of data verification, classification, where necessary correction and replacement are also performed simultaneously. This graphic processing module of the Hungarian Hydrological Database is capable of the following operations even on several time series:

· Combining, or merging two time series over a set range of data with adjustable priorities

· Comparing time series with other reference times series (e.g. comparing groundwater level and precipitation time series)

· Transformation of time series sections (shifting, linear transformation for two controls, etc.)

· Scarifying time series according to a set algorithm

The outcome of this type of processing is the authentic breakpoint times series, which becomes, normally during the night hours, by replication automatically available to all users of the system, also for the purposes of further (hydrologic) data processing.

9. Development, application aims, perspectives

Expansion and perfection of the Hungarian Hydrological database is currently under way and will be continued over the next years.

An important development target is to base a growing number of GIS systems and applications on the Hungarian Hydrological Database. These will represent a new major domain of the processed data and information.

A specific and immediate development aim is to make the wealth of data and information stored in the HunHydroDat accessible over the internal Intranet network of the water agency yet also to the public over the Internet. Work is therefor under way on the development of new, multi-layer information systems, where the intermediate layer consists of a WEN server, while the user acquires data from the Internet by active querying.

10. Conclusion

The Hungarian Hydrological Database was commissioned in the year 2001 and has functioned since efficiently and continuously in the Hungarian Hydrological Service. Close to 400 users at two central organisations and at the 12 district water authorities spread over the country have access to the system.

HunHydroDat is an MS-based system. The motor of the database is an SQL Server, which functions under a Windows 2000 operation system in an integrated national network. Two SQL servers (one primary and one standby) are operated at each organisation. A 265-512 Kbit/s bandwidth hired network interconnects the servers. At some places (Budapest), communication between organisations is strengthened by a wider (2-4 Mbit/s), diffuse spectrum microwave network.

The Hungarian Hydrological Database contains presently some 30 million processed data items on approximately 40-50 thousand water features. The records on surface water extend back to the early 20th century (1900-1910), while those on groundwater to 1930-1950. Current developments and expansions have the objective of making access to data and information more efficient for the staff of local water agencies, further to disseminate such information to the broader public over the WEB surface. Finally, the Hungarian Hydrological Database is expected to become a useful and basic building block of the information system outlined in the Framework Water Directive of the EU, by facilitating the assessment of the state of waters in Hungary for domestic and international purposes alike.







