
AN EFFECTIVE MODEL-BUILDING TOOL AS A SUPPORT FOR ASSESSING AND 

PLANNING WATER RESOURCES IN SLOVAKIA

Miroslav Kandera, Roman Výleta
Department of Land and Water Resources Management, Faculty of Civil Engineering, Slovak University of Technology, Radlinského 11, 810 05 Bratislava, Slovakia 

miroslav.kandera@stuba.sk and roman.vyleta@stuba.sk

ABSTRACT

The condition for correct and effective assessment of water resources, water status and availability within water management is to achieve a sufficient level of quality, quantity and method of processing

information about the natural regime of water in nature and individual impacts of water use. At the same time, it is necessary to rationally evaluate the priorities of individual types of water use and

compare the requirements for water with the state of its current quantity. For the needs of the Water Plan of the Slovak Republic, the requirements for water are also compared with the usable amount of

water in the form of a document called a retrospective water management balance of the amount of surface water.

As part of efforts to improve the water management balance of surface waters, the application of one of a number of simulation balance models as an effective tool to support the assessment and planning

of water resources was presented in this work. The quantitative water management balance was implemented in the Hron river basin according to its current methodology in Slovakia using the Water

Evaluation and Planning (WEAP) software. As software for mathematical modeling has an advantage in the diversity and speed of presentation of results, an important task of the work was to expand and

also improve the interpretation of results, which would complement the existing methods of evaluating water balance. The output of the work is a river basin model capable of producing outputs above the

level of the original processing of the quantitative water balance created using the given outlined way to effectively address the dependencies between resources and water requirements for integrated

water resources planning by a simulation balance model.
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Fig. 1: location of the Hron river basin and display of individual sub-basins

Fig. 2: Simplified data structure scheme; parts of the data
structure without inputs and necessary modifications (blue),
parts of individual elements of the scheme (green), modified
and created using command lines parts of the data structure -
"X" (red), references to input data in the section "Other
Assumptions" (red arrow ).

Input data variables over time:
- GWA - Groundwater abstraction [m^3]
- SWA - Surface water abstraction [m^3]
- E - Evaporation [m^3]
- P - Precipitation [mm]
- SG - Water gauge station [CMS]
- BP - Balance profile [CMS]
- T - Water transfer [CMS]
- R - Flow manipulation on reservoir [CMS]
- WWD - Wastewater discharge [CMS]

Fig. 4: Schematic view of the distribution of water from drainage areas
to the profiles of water gauge stations; Streamflow gauge (blue circle),
sampling points (red circle), sub-basin node (green circle), wastewater
discharge (green rectangle), drainage points (pale blue circle).

Fig. 3: Description of the distribution of data structure properties: 
1. - window of data structure branching, 
2. - category of properties of elements of the given branch 
marked in window 1, 
3. - individual properties in the given category, 
4. - window into which it is possible to insert or import expression 
of the given element in the basic scenario "Current Accounts".

The definition of a quantitative water balance is a comparison of water resources with water requirements in
time and space. Its purpose is to assess the interactive elements of the water balance and evaluate whether,
when and where water requirements will not be met. To express the real situation, it is also necessary to
consider the variability of all elements of the balance: natural water resources, water abstraction,
wastewater discharge, the impact of reservoirs, water transfers and the minimum required flow.

Each of these elements brings, in addition to its impact also certain uncertainties to the assessment of the
water management balance of surface waters. In the case of water use, the accuracy of the reported data, in
the case of groundwater abstraction, determination of the place of their impact on surface water, in the case
of wastewater discharge, the
absence of a relationship
with water abstraction. In the
case of reservoirs, the
correctness of the reported
flow manipulation and the
impact of smaller tanks,
which are not evaluated in
the balance. Water transfers
are often complex elements,
but they are only strictly
defined. In the case of the
minimum required flow, its
default value for the given
balance profiles in which the
balance condition
assessment is performed is
questionable.

Other input data are sub-basin area and
slope, which can be referenced in
expression window as value rather then
via link to file.

For the needs of modeling simple hydrology, the Hron river basin was divided into sub-basins of individual 
selected water gauge stations and balance profiles. The outflow from individual sub-basins was defined by 
the calculated outflow coefficient for individual sub-basins in a given time step based on precipitation and 
outflow data, according to the relationship:

Q X
C

AP

 −
=

where:
C - runoff coefficient [-],
∆Q - difference of outflow and inflow into the sub-
basin according to water gauge stations [m^3],
X - influence of water users on the flow [m^3],
A - sub-basin area [m^2],
P - total precipitation [m].

The runoff from the sub-basin is calculated by 
multiplying the runoff coefficient with the total 
precipitation and its distribution to the runoff 
nodes formed in a given interval of the river 
kilometer (Fig. 4). The nodes share the 
percentage of runoff based on their share in the 
area of the runoff area and the difference from 
the average slope at the location of the water 
meter station.

For optimal and successful development, planning and forecasting in water management, a
detailed picture and knowledge of water needs in space and time is needed. Water
management balances are one of the main activities of water management in securing
water requirements. A relatively simple model structure provided by the WEAP software,
supplemented by the necessary properties and variables, was used to process a
retrospective quantitative water balance and to analyze the impact of individual elements
affecting the Hron river basin for the period 2000-2019.
While the modeling of the entire Hron river basin over a 20-year period served as a
successful test of the compatibility of the developed modeling methodology and WEAP
capability, the creation and implementation of solutions to modeling problems requires a
significantly smaller river basin on which various ways of solving problems can be
operatively tested quickly.

Due to the method used to calculate the flow, the difference between the simulated and the observed flow
should be zero. The verification of the model was performed by comparing the measured and modeled flows in
profiles of individual water gauge stations.

Fig. 5: Comparison of simulated and observed flow on the river Hron in water gauge stations 7179 - Zvolen (rkm 157.7) and 7335 - Kamenín (rkm 10.9) 
in the years 2000 – 2019. Without modifications on volume of reservoirs or positions of surface water abstractions (left) and with modifications (right).

Up to the profile of the water gauge station 7179 - Zvolen, above the inflow of the river Slatina, the modeled
flow is equal to the measured flow in almost all time steps. Large differences between the modeled and
measured flow, accumulating up to the profile of the water gauge station 7335 - Kamenín, shown in fig. 5 – left
side, are the result of unsecured surface water abstractions and flow manipulations on reservoirs extending
beyond the volumes of the reservoirs. By increasing the volumes of a given reservoir and placing withdrawal
nodes of abstractions with unmet demand from tributaries to the main river basin (Hron), it was possible to
significantly reduce the difference in these flows (Fig. 5 – right side).
In balance profiles, which are not on same location as water gauge stations are, and thus their flow data needs
to be additionally calculated by standard methodology used in water management balance of Slovak republic.
Using method of creating separate sub-basins for balance profiles distant from water gauge stations and using
surface-runoff equation to simulate flows showed results with maximum differences from -20 to 30 %
(BP2640, BP 9800). Other balance profiles flows, much closer to water gauge stations, were result of only
distribution of outflow along streams.

Fig. 5: Comparison of simulated and calculated flow on the river Hron in balance profiles in the years 2000 – 2019.
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