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Water in general, but especially drinking water, as a renewable natural resource becomes more and 
more valuable because the supplies are permanently consumed and contaminated. Both the study of 
human activity impacts and the determination of the water supplies to be exploited require the 
investigation of complex subsurface water reserves. Hydrodynamic modelling gives an integral part of 
the investigation tools of processes in aquifers. The complexity of the processes can be described at 
various simplification levels, in which it is worth investigating the effects of the parameters separately 
from each other. 
 

Abstract  
In the present dissertation the initial and boundary conditions as well as parameter fields of the 
hydrodynamic modelling in subsurface water are discussed. For the specification of input data, besides 
statistical methods, geostatistics-based procedures are also used, first applied in gold mining. Firstly, it 
is proved that the spatial inconsistency of measurements can be eliminated by geostatistic methods. 
Secondly, it is demonstrated that with the help of the geostatistic ordinary- and external-drift kriging 
the subsurface flow in the area to be modelled can be determined, the model calibration period can be 
properly chosen, and the hydrogeological data of the area can be more precisely generated. Thirdly, it is 
explained how the most reliable boundary parameters for the area can be provided by properly selecting 
surface water time series needed to model bank-filtered water abstractions, supported also by extreme 
value statistics. Fourthly, it has been proved that the development and operation of a groundwater table 
observation network can be optimised for the given technical and economic conditions by carrying out 
a series of investigations based on ordinary kriging analysis of past measurement data. In such a way 
the utilisation of the information contained in the measurements has been maximised. At last, the 
important role of surface water temperature in connection with bank-filtered water abstraction capacity 
has been investigated and, resulting in its more accurate temperature-dependant parameterisation and 
estimation. 
 

Premises 
As numerical hydraulics became more widespread, it made possible the solution of the differential 
equation, which describes physical processes, with the help of a computer. Certainly, some 
approximations need to be done in case of a numerical solution; however, this is a weak limit compared 
to analytic and approximating numerical solutions. Consequently, the standard error coming from the 
modelling of subsurface water is not a result of these approximations done during the numerical 
solution any more. Rather they come from the deficiencies occurring when the hydrogeological 
relations and the data used for the initial and boundary conditions are determined. Therefore, it is 
essential to accurately determine the data used for hydrodynamic modelling. 
 

Aims 
The aim of my study was to find processes that determine the data required for hydrodynamic 
modelling as precisely as possible. I did not develop a numeric process during my research; only the 
Visual MODFLOW program was used as a computerised numeric device. The reliability of 
MODFLOW has been proved several times. The objectives of my research were the unanswered 
questions of subsurface water hydrodynamics. Therefore, my research was concerned with the 
processes of potential groundwater flow based on Darcy’s Law. I only focused on the interaction of 
water and porous media. For instance, I did not investigate the chemical and biological processes in the 
water flow.  
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When describing the flow of subsurface waters, the occasionally non-linear relationships (like the 
temperature-dependence infiltration) or other dynamical factors have to be also considered. 
In hydrodynamic modelling different types of data are needed for describing the study area. The 
before-mentioned data can be divided into four categories: 

- hydrogeological, topographical, 
- groundwater hydraulics, 
- hydrology, 
- data relevant to human activities. 

Neither the spatial, nor the temporal variables of these data can be described unambiguously with 
deterministic methods. Hence, I aimed for the application of methods that also take the random changes 
into consideration.  
In 1951, D. G. Krige, a South-American researcher, introduced kriging as a method of linear 
estimation. Later Professor G. Matheron and his co-workers improved this method in the 1960s. They 
named this theory as geostatistics calculation method. Beyond the scope of conventional statistical 
calculations, this method deals even with the spatial random variables to solve the problems raised in 
geology. It even gives the chance for geostatistical evaluation of temporal variation of the parameters; 
for instance, groundwater level changes. 
If the spatial distribution of a given parameter is completely random, geostatistics cannot be applied to 
it. If the distribution is regular, geostatistics is unnecessary as the appropriate function gives the 
parameter value. Both cases are seldom in hydrogeology and hydrology. It is more frequent when 
regularity and randomness prevail together. In this case it is more advantageous to use geostatistical 
calculations. 
 

New scientific achievements 
The theses containing novel scientific results in the research framework can be summarized in six 
points as follows: 
 

THESIS 1:  STATISTICS- AND GEOSTATISTICS-BASED REMOVAL OF 
ERRONOUS DATA FROM INFORMATION NEEDED FOR THE 
MODELLING OF SUBSURFACE WATERS 

I demonstrated that in the case of data required for subsurface water modelling, the 
spatial controversies and most of the random errors can be eliminated with the help of 
the “jackknife” method of geostatistics. Moreover, using multiple linear regression the 
errors in the time series of measurement data can be filtered out. This way time series 
and spatial correspondence with substantially enhanced accuracy can be found.   

Possible errors can be discovered according to the temporal and spatial distribution of observation data. 
This method compares the observed value of the variable with its calculated value at the same point. 
The calculation is based on some or all of the remaining available data. The goodnes standard of this 
geostatistical method is the absolute value of the difference between the observed and estimated value 
rate, compared to the estimated variance. 

Publications used: 
1.  Bárdossy, A., Molnár, Z. (2003): Statistical and geostatistical investigations of the effects of the Gabcikovo 

hydropower plant on the groundwater resources of North-West Hungary. Hydrological Sciences Journal 
49(4), pp. 611-623. 

2.  Bárdossy A., Molnár Z. (2003): Kisalföld vízjárásának geostatisztikai értékelése. Hidrológiai Közlöny 
2003/4. pp. 214-220. 
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THESIS 2:  DESCRIPTION OF THE VARIABILITY OF SPATIAL 

HYDROLOGICAL DATA FIELDS USING GEOSTATISTICAL 
METHODS 

 
Based on detailed research, I have indicated that the selection of the calibration period 
and the model area can be carried out with enhanced precision by means of ordinary 
and external-drift kriging methods. Knowing all this, a hydrodynamic model closer to 
reality can be established. 

To create a hydrodynamic model, it is very important to process and rate the hydrological data of the 
marked territory. The amplitudes of annual 
cycles of groundwater table in the period of 
1984-1991 and 1993-2000 can be seen on 
Figure 1. and 2. Comparing the two figures 
one can see that the amplitudes remarkably 
changed after 1992. The most significant 
differences are in the inshore territories 
alongside Danube, where it has decreased 
almost to its half. After the period of 1984-
1991 the largest amplitudes shifted downwards 
in this area. 
In my research it has been established that the 
groundwater flow of Kisalföld greatly changed 
because of the diversion of the Danube in 
1992. Therefore, it is essential during the 
formation of the 3D hydrodynamic model to 
pay attention to incorporate into the calibrated 
model the characteristics of groundwater flow 
both during the pre- and the post-1992 era. 
Thus, an elaborate model has to be checked in 
each different water flow. The previously 
mentioned pieces of research prove that it is 
important to examine the water flow of the 
marked territory before the model is set up. 
One of the possible means is geostatistics. 

Publications used 
1.  Bárdossy, A., Molnár, Z. (2003): Statistical 

and geostatistical investigations of the effects 
of the Gabcikovo hydropower plant on the 
groundwater resources of North-West 
Hungary. Hydrological Sciences Journal 
49(4), pp. 611-623. 

2.  Bárdossy A., Molnár Z. (2003): Kisalföld 
vízjárásának geostatisztikai értékelése. Hidrológiai Közlöny 2003/4. pp. 214-220. 

 
THESIS 3:  ACHIEVING ENHANCED ACCURACY IN THE GENERATION 

OF HYDROGEOLOGICAL DATA FIELDS BY MEANS OF 
ORDINARY AND EXTERNAL-DRIFT KRIGING 
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Figure 1.: The amplitudes of the annual cycles of the groundwater table in 
the period of 1984-1991 [m] 
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Figure 2.: The amplitudes of the annual cycles of the groundwater table in 
the period of 1993-2000 [m] 
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My research on the method of geostatistics-based ordinary and external-drift kriging, 
considering uncertain data, verifies that using this method the most reliable parameter 
fields can be set up for the hydrodynamic modelling of subsurface waters. Compared to 
using the information acquired from 
uncertain spatial hydrogeological such a 
model parameterisation proves more 
reliable. 

In a hydrodynamic model, there are several 
hydrogeological and flow parameters, and these 
have to be calculated for the whole area. As 
these parameters are only available on a few 
points and their accuracy is debatable, I used 
geostatistical methods for the calculation of 
spatial distribution. Three types of data were 
observed:  

- aquifer layers (Figure 3.) – how the 
interfaces of the geologically separable 
layers are located 

- the hydraulic conductivity of Darcy 
(Figure 4.), and 

- the effective porosity. 
I dealt with three types of the hydraulic 
conductivity data. These were determined with 
three different proceedings: 

- hydraulic conductivity determined with 
pumping test 

- hydraulic conductivity calculated on the 
basis of particle size distribution, and 

- hydraulic conductivity determined with 
soil sample and estimated according to 
soil description 

The data has been qualified in the previously 
established order. I assumed that the hydraulic conductivity calculated on the basis of particle size 
distribution contains an error of the order of one. I regarded the error of the hydraulic conductivity 
estimated with surveying to be of the order of two. In that, I accomplished the interpolation on 
uncertain data with ordinary kriging.  

Publications used 
1.  Bárdossy, A., Molnár, Z. (2003): Statistical and geostatistical investigations of the effects of the Gabcikovo 

hydropower plant on the groundwater resources of North-West Hungary. Hydrological Sciences Journal 
49(4), pp. 611-623. 

2.  Bárdossy A., Molnár Z. (2003): Kisalföld vízjárásának geostatisztikai értékelése. Hidrológiai Közlöny 
2003/4. pp. 214-220. 

 
THESIS 4:  STATISTICS-BASED COMPLETING AND PRECISING OF 

BOUNDARY CONDITION TIME SERIES FOR SUBSURFACE 
WATER MODELLING  

I carried out the selection of time period required for hydrodynamic modelling of 
subsurface waters by the analysis based on different extreme value statistics. I 
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Figure 3.: The depth map of an aquifer layer [m] 
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Figure 4.: The hydraulic conductivity map of a aquifer layer [m/d] 
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demonstrated that reliable data can be produced for the modelling with this procedure. 
This way the most reliable boundary condition parameters can be created referring to 
the modelling area. I could simultaneously demonstrate the improvement of the 
reliability of the hydrodynamic model set up in such a way. 

Investigating of the water course creating a dominant supplier to the groundwater table, has a great 
significance for us to be capable of illustrating precisely the effects of the river that plays the biggest 
role in the supply of the bank-filtered areas. During the examination, I determined the low water level 
durability, because while examining the bank-filtered wells under extreme conditions, the value 
significantly affects the capacity of the wells. 

Publications used 
1.  Bárdossy A., Molnár Z. (2002): Nagymaros vízállás és vízhozam id sorainak statisztikai vizsgálata. ő

Hidrológiai Közlöny 2002/6. pp. 333-335. 
 

THESIS 5:  OPTIMAL IMPLEMENTATION AND OPERATION OF 
OBSERVATION NETWORK SUPPORTED BY ORDINARY 
KRIGING OF GEOSTATISTICS 

With a series of investigations I proved that the development and operation of an 
extended groundwater table observation network can be developed in an optimal way 
within the given technico-economic conditions by an ordinary kriging analysis of the 
available measured data. In the given 
conditions, one is capable to gain largely 
improved information from the data on 
the state and changes of the studied 
groundwater. The location of different 
hydrogeological explorations can be 
optimized by taking the error in the 
ordinary kriging into consideration in the 
given conditions. In such a way we can 
assure the maximum extraction of 
information expected from the data from 
a statistical viewpoint. 

The installation and operation of an observation 
network that is developed for measuring, 
following all changes and estimating the state 
of subsurface water requires a huge amount of 
money. A network with the size that satisfies 
not only the precision of the description of 
environmental state required by legal 
regulations and professional claims, but also 
the claims of the determination of the 
parameter set of a hydrodynamic model could 
be set up by taking all the opportunities into 
consideration. 
With the same procedure, the optimization 
process of planting the hydrogeological 
explorations and/or groundwater level 
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Figure 5.: The estimated error map of the operation network [m2] 
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Figure 6.: The estimated error map of the suggested, optimized network 
(similar number as original) [m2] 
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observation networks in an adequate way could be carried out. 
The estimated error map of the operation network can be observed on Figure 5, while on Figure 6 the 
suggested, optimized estimated error map can be seen which is similar in number to the original. 

Publications used 
1.  Bárdossy A., Molnár Z. (2003): Observation Network Design for Groundwater Parameters. IHP/OHP 

Koblenz, 2003. október 22-23., pp. 123-132.  
2.  Molnár, Z. (2003): Talajvízszint észlel  hálózatok méretének és eloszlásának meghatározása geostatisztikai ő

módszerek segítségével. XXI. Országos Vándorgy lés. CDű -ROM kiadvány, Magyar Hidrológiai Társaság, 
Budapest. 

3.  Bárdossy A.,  Molnár Z. (2004): Felszín alatti víz észlel hálózatának optimalizációjának módszere, ő
Hidrológiai közlöny, 2004/1. pp. 53-63. 

4.  Molnár Z. (2004): Optimisation of the scheme of hydrogeology exploration with geostatistic method. Proc. 
II. Ph.D. Civilexpo, Budapest, 2004. január 29-30. (Poster and abstract) 

 
THESIS 6:  CONSIDERATION OF WATER TEMPERATURE OF THE 

SURFACE WATER SUPPLYING THE SUBSURFACE WATER IN 
ITS  HYDRODYNAMIC MODELLING 

The importance of the temperature of the surface water has been investigated and 
revealed in case of the effect a boundary surface water, which is connected to a bank-
filtered area. The quantification of the surface-subsurface water interaction can be 
largely improved by taking this effect into account through temperature-dependent 
parameters. 
From the results of the research it can be seen that if the temperature change of the 
surface water is taken into consideration in the hydrodynamic modelling then the ratio 
of the background flow and the inflow coming from the surface water can be estimated 
more precisely, as a factor influencing also the quality the bank-filtered waters. 
It can also be seen that model parameterisation dependent on the temperature of the 
boundary surface water definitively influences the determination of the so-called 
protection area and the flow routing of the bank-filtered water bases through the 
modification of the velocity field. 

A huge proportion of Hungary’s water supply is provided by bank-filtered water producing places. The 
supply in the bank-filtered water producing places is provided by the water infiltrating from the 
boundary surface water. The factors that mostly influence the amount of water infiltrating from the 
surface water are the following: 

- the quality of the riverbed of the surface 
- the temperature of the surface water 

One of the most decisive parameters of 
hydrodynamic modelling of the transient 
groundwater flow is the resistance of the 
riverbed, which highly influences the 
degree of relationship between surface 
and subsurface water with the help of 
hydrodynamic model (Figure 7. and 8.). 
The consideration of the change of the 
infiltration conductivity caused by water 
temperature is not regulated during water 
base defence works and the 
determination of water base defence 
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Figure 7.: Infiltration conductivity for summer period  
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territories. As the change of water temperature 
influences the infiltration conductivity of the 
riverbed, the system of subsurface water flow 
changes. This can have an effect on the size of 
the water base defence territory. 

Publications used 
1. Józsa J., Molnár Z. (1999): Vízh mérséklet ő

szerepe parti sz rés  víztermelésben, XVII. ű ű
Országos Vándorgy lés kiadványa, Magyar ű
Hidrológiai Társaság, Budapest, pp. 616-621. 

2. Molnár Z. (2000): A parti sz rés  víztermelés ű ű
vizsgálata, Hidrológiai Közlöny 2000/4. pp. 
215-228. 

3.  Molnár Z. (2001): Aktív beszivárgási felület 
vizsgálata partisz rés  víztermelésnél a ű ű
hidrodinamikai modellezés paraméter meghatározása céljából. XIX. Országos Vándorgy lés, CDű -ROM 
kiadvány, Magyar Hidrológiai Társaság, Budapest. 

4.  Molnár, Z.  (2002): On the Temperature Dependence of Surface Water Infiltration Processes. Proc. I. Ph.D. 
Civilexpo, Budapest, 2002. november 21-22., pp. 119-124.  

 

Application 
I have applied the procedure not only by the data upload of the Kisalföld territory model, but also by 
the construction of the Szentendre Island, Csepel Island, and Mohács Island hydrodynamic model, 
because the hydrogeological data of the aquifers of all three territories cannot be regarded as 
homogeneous. Furthermore, a significant part of water supply is provided by the boundary river. 
The network that has been introduced in the essay and has been determined with the observation 
network optimization process in the Central-Kisalföld territory, has been accepted by the 
Transdanubian KÖVIZIG. In addition to this, the construction of the optimized network is continuously 
carried out in relation to raising of the money needed. Beyond the surface water observation network in 
Szigetköz, I also applied the process with great success in similar areas; for example, in the Raab 
Valley territory (between Marcal and main channel in Hanság) and in the plains alongside Danube 
(between Gy r and Pilismarót)ő . 
I have successfully applied the before mentioned network optimization solution that consists of 
hydrogeological explorations and the installation of new observation wells, not only in the Ráckeve 
water base diagnostic works, but also during the Tát-Nyergesújfalu water base diagnostic examination. 
 
 

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Mederágy beszivárgási tényez je [m/d]ő

M
ér

t é
s 

sz
ám

íto
tt 

ví
zs

zi
nt

 k
ül

öm
bs

ég
 [m

]

Figure 8.: Infiltration conductivity for winter period  

Infiltration conductivity of the riverbed [m/d] 
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