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Abstract. Web services support the integration and inter- ploy the services of other subsystems and end users are not
operability of Web-based applications and enable machineannoyed by solving individual tasks in different systems, and
to-machine interaction. The concepts of web services andlifferent requirements for input data and providers. Such is-
open distributed architecture were applied to the developsues are sensitive mainly in cross-border localities where dif-
ment of T-DSS, the prototype customised for web basederent sources, services and approaches complicate demand-
hydro-information systems. T-DSS provides mapping ser-ing integrated management.

vices, database related services and access to remote com-

ponents, with special emphasis placed on the output flexi-

bility (e.g. multilingualism), where SOAP web services are 2 Architecture of distributed information system

mainly used for communication. The remote components are

represented above all by remote data and mapping servicdsformation systems evolved from monolithic applications
(e.g. meteorological predictions), modelling and analytical (Dosyukov, 2003). The monolithic application contains all
systems (currently HEC-HMS, MODFLOW and additional the code necessary to deal with user interface, data process-
utilities), which support decision making in water manage-ing and database communication. This can be called 1-tier
ment. architecture.

The 2-tier architecture frequently called client-server ar-
chitecture splits the monolithic application into two parts
(tiers). The first tier contains “presentation logic” and “ap-
plication logic”, and the second tier provides “data access

Integrated water management requires an integrated view dP9iC’- The “data access” tier can be shared among many
water related issues and a way of management reflecting th@PPlications. o _ .
complexity of the water system. The objective is supported f the application logic is encapsulated into a separate tier,
by the integrated approach to components of the hydrologicajen 3-tier architecture appears. The application logic could
cycle as well as complex utilisation of a wide range of differ- P& shared among many presentation tiers. This architecture
ent information services. Very often information services act€nables to distribute parts of application over network. For
to solve only a particular part of information support within this architecture the stability and accurate definition of inter-
a distinct application sphere and its respective part of hydrofaces among different tiers are crucial. o
logical system. An n-tier application program is one that is distributed
Among different approaches to integration of these indi-2mong three or more separate computers in a distributed
vidual services the utilisation of web services should play an€twork. The most common form of n-tier is the 3-tier
dominant role due to its ability to preserve the developmentappl[cat'O”' in which user interface programming is in the
of individual specialised systems, and glue them to the powUS€r's computer, application logic is in a more centralized

erful distributed system, where each subsystem can fully degompbmer' and needed data is in a computer that manages a
atabase.

The n-tier architecture evolved into Service Oriented Ar-
Correspondenceto: J. Horak chitecture (SOA). The SOA is a design model with a deeply
BY (jiri.horak@vsb.cz) rooted concept of encapsulating application logic within
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services that interact via a common communication protocolMapping solution for system data management and a GIS
When web services are used to establish this communicatio(Geographical Information System) subsystem. A plug-in is
framework, they basically represent a web-based implemena library which can be easily embedded into the system only
tation of SOA. The resulting architecture essentially estab-by putting it into the specific folder. The plug-in represents
lishes a design paradigm within which web services are a keyan implementation of a particular wrapper which is neces-
building block. The SOA based on XML web services builds sary for every individual numerical model to be integrated to
upon established XML technology layers, with a focus on ex-the system. The essential requirement for plug-in construc-
posing existing application logic as loosely coupled servicestion is to utilise IModel interface predefined by the system
In support of this model, the design principles introduced providers.
by SOA (known as the principles of service-orientation) em-  Global systems enable creation of large distributed net-
phasize reuse, statelessness, autonomy, abstraction, discaverks above different platforms, data and solutions. Such
erability, loose coupling and composability (Erl, 2004). systems are universal and robust, where a key issue is the
The architecture of the system determines the logic of theway of integration and an exchange of individual parts. Dis-
system and its extensibility, scalability and interoperability. advantages are generally in lower communication speed and
The distributed information system integrates individual sys-a dependency on efficient institutional and technical coordi-
tems to share data, software and services. Two approaches tation. On the contrary, global systems enable us to take
the distributed system deployment can be distinguished:  advantage of independent high-end services, developed and
operated by individual organisations. Services can be pro-
vided with a guarantee which decreases a risk of failure. In
such systems, web services represent one of the best solu-
tions for integration and communication.

— global system is set up on a cooperation of 2 and more
organisations where Internet plays the role of main com-
munication media for integration. 3

— local system is delimited to 1 organisation and situated
in a local area network, occasionally only on 1 machine
and

Web services

The local system offers direct sharing of distributed dataWeb service is a software system designed to support in-
and other sources. Advantages of local systems could be sed@roperable machine-to-machine interaction over a network.
in a more simple institutional solution (better preparation andEvery web service is described by Web Services Descrip-
implementation of necessary rules etc.), more simple technition Language (WSDL) which is based on XML (eXtensible
cal design, quicker communication, easier reach of requiredMarkup Languagehttp://www.w3.org/XML/). Information
effect, a more stable solution. Main disadvantages are hiddefystem communicates with web services by messages using
in the solution which is usually specific or unique, reflecting SOAP (Simple Object Access Protocol, http://www.w3.0rg/
the institutional conditions, specific to some branch or soft-TR/soap/) as an exchange format. Web services allow differ-
ware platform (the organisation commonly builds an unitedent applications from different sources to communicate with
hardware and software environment). Such a specific solueach other without time-consuming custom coding due to the
tion can cause problems during an extension of the system. use of open standards.

Seamless interaction among modelling systems, the inte- The advantages of distributed web services are even more
gration and combination of their functions in order to im- obvious for applications above heterogeneous sources of data
prove final results, are the main features of Open Mod-and for the construction of a flexible modular system com-
elling Interface (OpenMI, http://www.openmi.org), the out- bining various services.
put of the European project HarmonlIT (Gijsbers et al., 2004). The standardization process supported and managed by
OpenMI should solve or improve the quality of many dif- Open Geospatial Consortium (http://www.opengeospatial.
ficult issues concerning model communication (i.e. spatialorg/) brings a definition of set of web services standards, im-
and temporal scale differences, system feedback, unit differportant for implementation of frequent tasks. Web Process-
ences, etc.). OpenMI represents an important step towardisig Service (WPS) enables to access pre-prepared process-
standardization of the model linking on the local level. ing procedures, calculations or modelling using a defined set

Though OpenMI specification defines an independent in-of inputs, and produces a defined set of outputs. This ser-
terface above modelling systems, the existing implementavice is designed mainly for spatially referenced data. Web
tion tools (OpenMI Environment) do not possess sufficientMap Service (WMS) produces maps of spatially referenced
independence for implementation in heterogeneous systendata dynamically from geographical information. Geograph-
in global networks (e.g. it is impossible to connect wrappersical data is not transferred to end-users. WMS-produced
prepared in C# and Java languages). maps are generally rendered in a image format such as PNG,

Another example of a local system solution is describedGIF or JPEG, or occasionally as vector-based graphical el-
in Donchyts et al. (2007). The architecture of the RODOSements in Scalable Vector Graphics (SVG) or Web Com-
DSS is n-tier and plug-in based, with an Object Relationalputer Graphics Metafile (WebCGM) formats. This is in
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Fig. 1. T-DSS architecture.

contrast to a Web Feature Service (WFS), which returns ac- The T-DSS is developed within the framework of the TAN-
tual vector data in Geography Markup Language (GML) for- DEM project, but the original idea of such web based dis-
mat, from which a final map can be constructed, and a Weliributed systems arose in the TRANSCAT project (EVK1-
Coverage Service (WCS), which returns original raster dataCT2002-00124) (Horak and Owsinski, 2004).
(http://www.opengeospatial.org/standards). T-DSS represents a distributed and a platform-independent
These services can be invoked using a standard weBystem. Originally standalone systems in the category of de-
browser by submitting requests in the form of Uniform Re- cision application, modelling servers, data warehouses and

source Locators (URLS) via HTTP GET, or XML documents relevant information services were integrated with GIS in the
via HTTP POST. unified system where web services were mainly applied for

communication.
T-DSS consists of following basic server-side components

(Fig. 1): T-DSS Server, Database management system with
4 T-DSS Data Abstraction Layer (DAL), Web Services Application

Interface (WS-API) and remote Modelling and Data Process-
The concepts of web services and open distributed archiing services.
tecture were fully applied for the development of T-DSS, T-DSS server is constructed using ArteGIS Server system
the prototype customised for a web based hydro-informatiorand its components. The ArteGIS Server system extends
system. T-DSS is a modular web application system runnindJniversity of Minnesota MapServer capabilities and enables
in an Internet environment using open sources technologiesa dynamic generation of the client application including its
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behaviour. The system offers all basic map composition el-Linkage of modelling software and geographic information
ements, the linkage of remote components, modelling anagystems is appropriately described in Maidment and Djokic
processing services and utilisation of Web Map Serviceg(2000) and Vieux (2004).
(http://www.artegis.cz). Using the method of geo-data visu- Analysis of 18 numerical modelling systems for water
alization, labelling or attribute selection is able to reflect the management was provided within the framework of the
national lingual and cultural environment, because the clienfTANDEM project (Tylcer et al., 2004) (Table 1). The fol-
application is dynamically created according to the user whdowing features were investigated - embedded models (which
is currently logged in, his access rights, selected languagerocesses are simulated, applied codes, mathematical base
and current time (system checks if requested data is up tof applied codes, verification of code, field-testing for val-
date). idation, level of simplification), field of applications, inter-
Multilingual features of the system were tested in the pre-operability (linkage to GIS, utilisation of Earth coordinating
decessor of the system in the framework of the TRANSCAT systems, remote management and control like a macro lan-
project. For Nestos-Mesta river catchment (thanks to theguage or an application programming interface), price and
cooperation with University of Thessaloniki and the Bul- license terms (price policy, licensing - multiuser, license du-
garian Institute of Water Problems) appropriate terms weregation, maintenance), support (updating, technical support,
imported, the only steps needed to transfer the system cordocumentation), software features (operating system, modu-
trol (functions, menu) to Greek and Bulgarian languages andarity, user interface, provided functions, possibility of inte-
to provide appropriate language variants for description, la-gration), input and output (obligatory, conditional, optional).
belling of map layers, attributes for querying etc. A similar  The requirements of end-users in this project indicated an
multilingual system was prepared for the Czech-German borinterest in systems which are freely available. We have de-
der (Sumava Mts.) and the Czech-Poland border (Bela/Bialaided to select for the prototype phase of T-DSS development
river catchment). The visualization system approved the corfrequently used software provided free of charge, with wide
rect presentation of specific Czech, Polish and German charange of possible hydrological applications, direct linkage to
acters, but also Cyrillic and Greek Alphabet. GIS and ability of a remote programming control. HEC-
The database management system is a fundamental conMS as a representative of hydrological modelling systems
ponent intended to carry out the management of all systenand MODFLOW for hydrogeological modelling were se-
data and data warehousing. PostgreSQL is implemented in kgcted.
position of a database management system and a PostGIS ex-HEC-HMS (http://www.hec.usace.army.mil/software/
tension is used for storing the spatial data in a database. Thigec-hms/) simulates the precipitation runoff processes of all
way of spatial data storing provides wide usage possibilitiestypes of catchments which can contain dams and reservoirs.
to other systems. The system also allows for connection tdSelection of the catchment model distribution type (lumped,
other spatial databases to use additional spatial data. Us&emidistributed, fully distributed) and wide selection of
and group management at the database level ensures privite hydrologic and hydraulic physically-based methods
leged access to stored data as well as to T-DSS. (loss, hydrologic transformation, overland and channel
The web client is an application written as DHTML (Dy- flow, baseflow, snowmelt) belong to the main advantages of
namic HTML) using JavaScript, interpretable by common HEC-HMS (Maidment, 1993; Bedient and Huber, 2001).
web browsers. The client provides spatial data visualizatiorPirect linkage to GIS (HEC-GeoHMS/ESRI) and models
and common functions for manipulation of interactive digi- price (freeware) are further arguments for using of this
tal maps. More advanced features include the possibility tosoftware (see Maidment and Djokic, 2000). Event and
attach documents (e.g. regulation rules) to map objects (e.gcontinuous modelling (SAC-SMA) are among the model
protection zone) and review them, utilisation of remote map-capabilities too.
ping servers with WMS, info panels (windows with relevant MODFLOW  (MODular  three-dimensional finite-
information e.g. review of current meteorological situation, difference ground-water FLOW model) (http://water.
radar precipitation estimation) and access to modelling and!sgs.gov/nrp/gwsoftware/modflow2000/modflow2000.html)
decision applications (see Figs. 3 and 4). is a three-dimensional finite-difference groundwater model
that was first published in 1984. MODFLOW simulates
steady and nonsteady flow in an irregularly shaped flow
5 A connection to hydrological and hydrogeological system in which aquifer layers can be confined, unconfined,
models or a combination of confined and unconfined. Flow from
external stresses, such as flow to wells, areal recharge,
Principles of numerical modelling of hydrological processesevapotranspiration, flow to drains, and flow through river
and description of commonly used methods can be foundeds, can be simulated. It has a modular structure that allows
in Bedient and Huber (2001), Maidment (1993) and Bevenit to be easily modified to adapt the code for a particular
(2002). A description of groundwater modelling is provided application. Harbaugh (2005) documents a general update
by e.g. Anderson and Woessner (1992) and Istok (1989)to MODFLOW, which is called MODFLOW-2005. Because

Hydrol. Earth Syst. Sci., 12, 635-644, 2008 www.hydrol-earth-syst-sci.net/12/635/2008/


http://www.artegis.cz
http://www.hec.usace.army.mil/software/hec-hms/
http://www.hec.usace.army.mil/software/hec-hms/
http://water.usgs.gov/nrp/gwsoftware/modflow2000/modflow2000.html
http://water.usgs.gov/nrp/gwsoftware/modflow2000/modflow2000.html

J. Horak et al.: WS for hydro-information systems 639

Table 1. Screened modelling systems.

Name of the system  Producer Basic characteristics

MIKE — SHE DHI rainfall-runoff semidistributed/distributed, 2D overland flow diffusive wave
approximation, Muskingum-Cunge, Manning’s Equation, unsaturated flow
Richard's eq., MODFLOW & MIKE 11 linkage, degree/day snowmelt, AU-
TOCAL

FLOOD WORKS Wallingford Software  hydrodynamic flow routing KW & ISIS flow module, pragmatic snowmelt
module PACK, 2D PDM module (probability distributed module)

WATER WARE ESS hybrid GIS model, basin oriented, rainfall-runoff RRM, automatic calibration
via Monte Carlo method, water quality modules such a STREAM, groundwa-
ter modules XGW, primarily oriented to daily time steps

WMS EMS-I integrated watershed modelling system, GIS/CAD interface, rainfall-runoff
HEC-1, TR-20, TR-55, MODRAT, HSPF, hydrodynamic modelling HEC-2,
SMPDBK, CEQUAL W2, 2D integrated modelling GSSHA, features coinci-
dent with HEC-1, HEC-2 plus features of GSSHA and GIS environment (pre-
and postprocessing)

GMS EMS-I 3D groundwater flow, MODFLOW, USGS MODPATH, MT3DMS, RT3D,
variably saturated flow SEEP2D, FEMWATER, stochastic modelling: Monte
Carlo Method, Latin Hypercube method, inverse modelling PEST 2000,
UCODE

SMS EMS-I| hydrodynamic modelling 1D HEC-RAS, 2D HIVEL2D, TUFLOW, sub-
critical/supercritical flow RMA2, FESWMS, water duality SED2D, RMA4,
coastal water ADCIRC, STWAVE

HEC - FDA USACE flood damage analysis, analysis of hydrologic & economic data, expected an-
nual damage
HEC - RAS USACE HEC-2, 1D steady/unsteady channel flow, subcritical flow - UNET, mixed flow

regimes subcritical/supercritical/hydraulic jumps, lebed breaching, dam break
analysis, sediment transport module

HEC - HMS USACE HEC-1, rainfall-runoff semidistributed/distributed, event methods SCS CN,
Green-Ampt, continuous modelling SAC-SMA, unit hydrograph methods, 1D
and 2D kinematic wave approximation, Muskingum-Cunge, baseflow methods
include recession, linear reservoir, evapotranspiration, degree/day snowmelt

method

PMWIN Wen-Hsing Chiang 3D groundwater flow and contaminant transport modelling (MODFLOW,
MT3D, PMPATH, PEST2000, UCODE)

Catchment SIM CSS Australia hybrid GIS interface, distributed rainfall-runoff model, primarily terrain anal-
ysis tool for other RR models such HEC-HMS

UPM Foundation for Water a procedure to employ modelling tools for the management of urban water

Research quality
FEFLOW WASY/DHI 3D groundwater/heat/contaminant transport modelling, GIS/CAD interface,

Darcy flow, fracture low, finite-element method, advectiondispersion, reac-
tions, variably saturated flow, density dependent flow

SWMM EPA/DHI rainfall-runoff modelling RUNOFF, EXTRAN, TRANSPORT blocks, water
quality modelling, kinematic wave for 1D & 2D flow routing, SCS-CN method
HYDROG Hysoft rainfall-runoff model, Horton infiltration, 1D & 2D kinematic wave approx.,

baseflow linear reservoir, fuzzy reservoir cascade regulations, Runge-Kutta
method, degree/day snowmelt

HSPF EPA event & continuous rainfall-runoff model PWATER/SWM, water quality mod-
elling, multi-layer watershed characterization, energy-balance & degree/day
snowmelt methods

SWAT-2000 EPA rainfall-runoff model, modified SCS CN, Green-Ampt, dynamic erosion mod-
elling, evapotranspiration (Priestley-Taylor) and snowmelt (degree/day) meth-
ods

GRASS modules ITC SIMWE 1D channel / 2D overland flow, multiscale simulation, erosion; TOP-

MODEL distributed rainfall-runoff model
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Fig. 2. Communication between core system and surrounding subsystems.

of its ability to simulate a wide variety of systems, its  Figure 2 shows a simplified scheme of basic components
extensive publicly available documentation, and its rigorousneeded for modelling in the T-DSS system. On the left side

US Geological Survey peer review, MODFLOW has becomethere are remote sources of input data necessary for mod-
the worldwide standard ground-water flow model. els. Input data is stored in an integrated database, and model

Interfaces to selected HEC-HMS and MODFLOW sys- wrappers are called automatically at given times or upon
tems have been developed to provide an integrated systemthe user’s request. Data sharing enables reading and stor-
with the capability to utilize numerical modelling for the so- ing the models’ data. Other services support data imagery,
lution of various water management tasks. geographical data transformation etc.

The distributed information system utilizes four kinds of
services related to modelling — services that receive mod- N
els’ input data from remote :gervers (numerical models, ob—5'1 Programming interface to HEC-HMS
served values), services as wrappers for modelling software
(HEC-HMS, MODFLOW, additional utilities), service for One of the main outputs of a hydrological model is the pre-
data sharing and services for data visualization (map layersdicted water flow for selected river profiles. For this purpose

images, graphs). the HEC-HMS 1-D hydrological model was integrated into
The first service receives input data and passes it to an inthe system. The HEC-HMS program is designed for the Win-
tegrated database with appropriate metadata. dows operating system but the core system of T-DSS server

The model wrappers are able to read the necessary insperates on the Linux system. The web services help to over-
put data from the database and update the model input filegome the differences and provide remote control that can al-
Models are run in the sequential order (results from onelow data exchange and model launching.
model may be used as an input for another model) and the re-
sults are stored in the integrated database. Both the managg
ment and iterative processing are supported by model para
eters as well as space and time extent specifications, whic
are similar to the JAMS (Jena Adaptable Modelling System)
spatial, temporal and model contexts (Kralisch and Krause

20_?2)'\/ lizati . I th 1o obtai Iwww.wetterzentrale.de/) for a medium-term prediction. The
€ Visualization Service allows the user 1o obtain aresu IWeb client enables management of input and visualisation.

for aselgcted. place and time in a suitable format (map Iayer1'\"—'igure 3 depicts the web client tested for Bela/Biala pilot
can be visualized by map server). area in the TRANSCAT project where HEC-HMS models
for both Czech and Polish parts were implemented.

The interface is a wrapper over the HEC-HMS hydrologi-
al rainfall-runoff model that allows for Web Service bind-
ng. The input data is derived mainly from precipitation

redictions. Predicted precipitations may be obtained from
various sources — e.g. the ALADIN/LACE model is recom-
Mmended for a short-term prediction, the GFS model (http://

Hydrol. Earth Syst. Sci., 12, 635-644, 2008 www.hydrol-earth-syst-sci.net/12/635/2008/
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5.2 Programming interface to ModFlow 2000 5.3 Programming interface to additional utilities

Interface to MOdFIOV.V 2000 is intended to modnfy an(_j COM- \/arious additional utilities and systems, such as GRASS
pute a hydrogeological model. _The Wrapper 1 written in GIS, may be wrapped as Web Services and used in the frame-
PER_L language as a_Web serwce, fqr Linux system. Th ork of T-DSS. GRASS (Geographic Resources Analysis
service allows changing the r_’nodels mput_data, CornpUtIngSupport System) (http://grass.itc.it/) is a raster/vector GIS
the model as well as processing the resulting data to a forn?:md image processing system, which contains over 350 pro-
suitable for visualization. The resulting georeferenced raStebrams and tools to render m,aps and images: manipulate
file and vector isolines of underground water levels are Vi- - . \ector and sites data: process multi-sr;ectral image
sualized through the University of Minnesota Map Server in ;... :cmd cref'ate manage ana store spatial data (Neteler and
the map client. Figure 4 shows the raster of groundwaterlvlita'SOVa 2002)’ '
level as a result of ModFlow modelling in the Czech part of in thi ' o \at . desianed
Bela/Biala pilot area. The interface can also provide a calcu- " thiS way, an interpolation service was designed for
lation of baseflow contribution for rainfall-runoff modelling. _mDS_S (Mulino DeCI.SIOI.’l Suppor'F System) (http://siti.feem.
it/mulino/). The service is accessible to mDSS and any other
DSS seeking to obtain results from the T-DSS analytical en-
gine. The interface has been tested in various situations and
is ready for use at the T-DSS side. The interpolation service
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Fig. 4. Groundwater level (both isolines and raster) as a result of ModFlow model presented by web client.

of T-DSS receives XY points with values, delimiting poly- 6.1 Withdrawal permission
gons and processing parameters, returns the requested statis-
tical information of a selected area or returns a raster file with; ¢ -55e study reflects the situation when a user has to de-

interpolated values (e.g. it is possible to send measured préesye ahout a permission of a new groundwater withdrawal in
cipitation data with coordinates, catchment polygon and 0p- certain place (e.g. a construction of a new well). The user

tional parameters and obtained total precipitation per catChy,qqqs information if the proposed withdrawal will influence

ment or raster with interpolated precipitation values). MDSSi,4 \vater level in existing pumping objects and identify rele-
(or other system equipped with similar interface) can send 44t owners.

data for external processing and utilise the obtained result in

the system. Such “outsourcing” can displace specific pro- Afte(:jr_ login to T'DSfS’ an m_troductory_ mﬁ\p dgorr;pos(ljtloph
cessing out of the system and utilise the outer specialisedcc0"9N9 to user preference is automatically displayed. The
services. user enters coordinates of the new intended well or they are

imported from a delivered electronic form. Alternatively,
he/she locates the new well in a map. To improve orientation
6 Case study in the map, the map composition can be changed and new
map layers can be added, including e.g. orthophotos from re-
Two following examples demonstrate a possible applicationmote map servers (utilisation of web mapping services like
of T-DSS prototype and utilisation of web services. Both WMS).
case studies are hypothethical because only part of them i agier the |ocalisation a requested well discharge is entered.

already implemented. Procedures are described step-by-stepp s getermines if any model of groundwater flow in satu-

to create a clear picture of software system operation. rated zone is available. T-DSS has to check both institutional
and technical accessibility and conditions. If the availability
is approved, T-DSS sends a request for modelling of ground-
water flow including a new withdrawal.

Hydrol. Earth Syst. Sci., 12, 635-644, 2008 www.hydrol-earth-syst-sci.net/12/635/2008/



J. Horak et al.: WS for hydro-information systems 643

The model is developed, calibrated, updated and verithorities. The modelling can be improved by utilisation of
fied by a competent institution (an institution specialising some external pre-processing on remote servers e.g. applica-
in groundwater modelling in this area) using adequate mod+ion of the best interpolation procedure for precipitation in-
elling tools and expert support. put data, modelling of snow melting, estimation of baseflow

The model equipped with an appropriate interface is ex-from hydrogeological modelling etc.
posed to web services of end-users (through web clients of The final result of runoff modelling is returned and dis-
end-users). An end user can only run the model with changeglayed in a graphical form to support decision making.
groundwater discharge rates at selected pumping wells. The
result is delivered back to the user client e.g. in the form of .
raster image of groundwater head and induced drawdown? ~Conclusions
and displayed on the background map.

The user will display all pumping objects in the area. If
information about pumping objects is not stored in the loca

Web based distributed information systems offer open and
Iplatform independent architecture. Such systems represent a

system or it may not be updated, it is requested from remoté)romsmg solution for integration of heterogeneous services

. T . and an effective way to create complex systems from par-
servers like a hydrometeorological institute, register of bore-_. . .
holes etc. tial, independent systems. A prototype of T-DSS provides an

T-DSS can select all objects in the area influenced by th example of how to implement these ideas. The system com-

new withdrawal. The ownershio of the influenced obiect ma ines various services, data sources and also provides spe-
N nib . ) Ycial support for international regions. The decision-making
be stored directly in a description of the object or it can be.

- . is supported by numerical modelling tools; web based wrap-
reqqested from cada;tral map. T-DSS will |den.t|fy lots Wher.ePers have been developed for HEC-HMS, MODFLOW 2000
the influenced pumping objects are located (if such spatial

operation is not implemented in the local system it can beand GRASS GIS.
P P y T-DSS is ready to be tested in real conditions. It is in-

requested from remote spatial processing server) and proVidfeended mainly for decision makers on local and regional lev-

a list of owners with needed contact information. Ideally, LT . .
. e . . els - municipalities, county and regional authorities, selected
the identification of owners is provided on the server of the S
. o state bodies like management of natural protected areas, en-
cadastral office, where up-to-date situation is guaranteed. _. . : . :
Finally. th i the inf i bout th vironmental protection agencies, directorates, inspectorates,
m% y,t € l.ﬁlzr Ut |Is§s et]:n °drm"?‘ lon a ?(u € new management of water catchment. Outside public adminis-
groundwater withdrawal impact for decision making. tration also non-governmental organisations and various as-
sociations are taken into account. Complementary groups
of users are recruited from selected commercial subjects ori-

The second case study describes the situation when the usEpted to water S“pﬁ’ly and seyvage, |rr|gat|on,henergﬁ/ profduc-
needs to predict runoff for certain place and time. Thetlon etc. A properly customised version, where the Infor-

runoff prediction is obtained from a pre-prepared numericalmation support is emphasized and modelling capabilities are

rainfall-runoff model. The user locates a place, for where theMOSt likely limited, is intended for the public (e.g. public dis-

prediction of runoff (flow rate or height) is requested and in- CUSSiOn about plans, investements). _ o
dicates the time span of a simulation. Location can be done The distributed system relies on cooperation of individual

through coordinates, clicking in the map of web client or parts. If different organisations are in charge of these parts,
searching the name of the place or profile the cooperation has to be agreed. Next, technical aspects of

Next, the system evaluates the requested time span of 8ooperatjon are to be solved — e.g. selection of appr op'rigte
simulation and availability of time series for the predicted communication channels, data format exchange, periodicity,

rainfall. Event models are applied for short-time forecas:ts,Veriﬁc.ation of system operating _(Iog recording), etc. In thes_e
SAC-SMA is opted for long-term forecasts with available technical aspects the web services represent an appropriate

time series data and a probabilistic model based on climati('iooTlr':Or |mplemen_tr_:1t|o_n of distributed sbyst(ra]ms. ilisati f

data is selected for long-term forecast without time series e most se_nsmve ISSue seems t(.) e the L.m Isation o nu-
data. Also, the system determinates the nearest profile oﬂ“e”ca' mpdelllng. The system provides services of numeri-
water body to the requested location. The system checkgal modellmgfor.var!ous tasks in water management. Devel-
the availability of models (which model schematisation Spa_opment of effective interfaces to such systems is not only a

tial extent covers the requested location, models accessibilit;tfalSk for software engineering (model wrapper, remote man-

both institutional and technical, satisfactions of other Condi_agement, result presentation), but above all depends on the

tions). Then the request for modelling is sent to the appro-floWing:

priate and available service. The modelling server starts to _ 4 conceptual solution, model development and calibra-
process the request. It may ask for the appropriate input data tion,

(precipitation, evapotranspiration, snow volume, water con-

tent etc.) from meteorological and water management au- — input data flow,

6.2 Runoff prediction
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