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Estimated changes of drought tendency 
in the Carpathian Basin

Judit SÁBITZ, Rita PONGRÁCZ and Judit BARTHOLY1

Abstract

Drought conditions are oft en characterized by various drought indices. In this paper diff er-
ent types of indices (i.e. standardized precipitation anomaly index, Thornthwaite’s aridity 
index, and Ped’s drought index) are used to estimate the future changes in drought condi-
tions in the Carpathian Basin. For this purpose 25 km horizontal resolution gridded outputs 
of several regional climate models are used from the project ENSEMBLES covering the 
period 1951–2100 and taking into account the A1B emissions scenario. The results suggest 
remarkable drying in the region, especially, in summer, which emphasize the importance 
of developing appropriate adaptation strategies addressing this issue. 
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Introduction

Climatic conditions evidently aff ect the biosphere as well as the human so-
cieties. Anthropogenic activity infl uences the biosphere through land use 
change and agriculture (e.g. cultivating selected crops and thus decreasing 
biodiversity) for several centuries. Moreover, the 250 year long industrial ac-
tivities (especially, fossil fuel combustion) resulted in increasing atmospheric 
concentration of greenhouse gases. As a consequence, global and regional 
warming has been detected (IPCC, 2013), which intensifi ed drought condi-
tions in many regions including Central and Southern Europe (IPCC, 2012). 
Hungary is certainly aff ected by this potential risk since it is located in the 
continental Central European zone. In the recent years, the entire continent 
was hit by a severe drought event in 2003, which included Hungary as well, 
as the whole Carpathian Basin (Tallaksen, L.M. et al. 2011). On the basis of 
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the measurement recorded by the Hungarian Meteorological Service the an-
nual precipitation of the country was only 75 percent of the climatic mean (for 
the period 1971–2000). In 2011 the annual precipitation in Hungary was even 
smaller, only 72 percent of the normal value. Parts of the country were aff ected 
by drought events in 2002, 2007 and 2012.

Due to the recent increasing frequency of unusual years, it is essential 
to assess the possible future conditions in the country using regional climate 
model (RCM) simulations. These tools are widely used to estimate the primary 
climatic conditions, i.e. temperature and precipitation. Projected changes are 
summarized for Hungary in Pongrácz, R. et al. (2011), according to which re-
gional warming is very likely to continue and increase in this century. Projected 
precipitation changes are varying throughout the year. RCMs clearly estimate 
summer drying for this century, however, in the other seasons diff erent RCMs 
estimate diff erent tendencies both in intensity and sign. Drought conditions 
are not determined only by precipitation conditions but also by temperature 
changes, this bivariate dependence can be assessed by drought indices.

In this paper fi rst, the diff erent types of drought indices are summarized 
and the three indices used in this paper are presented in details. Then, data 
outputs of RCM simulations available from project ENSEMBLES are described, 
followed by the discussion of the results. Finally, the conclusions are drawn.

Drought indices

Several aspects of the climatic system are directly or indirectly aff ected by pre-
cipitation defi ciency, i.e. drought events. Therefore diff erent scientifi c commu-
nities use diff erent approaches to defi ne drought itself and measures to charac-
terize it. For instance, atmospheric science defi nes meteorological drought as a 
long period of time with considerably less precipitation amount than climatic 
mean. Other aspects may highlight the agricultural consequences, and defi ne 
agricultural drought when the soil moisture is inadequate, and yields are 
considerably less than average because of the water shortage. Furthermore, 
hydrological drought refers to a period of below normal stream-fl ow, thus, 
focusing on the hydrological impacts of the lack of precipitation, such as re-
duced groundwater levels. Finally, economic drought considers the monetary 
value of drought-related damages, which can happen when the water shortage 
has an eff ect on human activity and on economy.

One of the most oft en used measures of drought includes the defi ni-
tion of several drought indices, which are able to quantify the temporal and 
spatial range of dry periods. The can be classifi ed into diff erent categories. 
Typically, there are four main groups of indices, which are widely used: the 
precipitation, the water balance, the recursive and the soil moisture indices 



367

(Faragó, T. et al. 1988). Table 1 summarizes the traditional classifi cation of 
drought indices, whereas Table 2 lists most of the well-known drought indices 
according to Dunkel, Z. (2009). 

Precipitation indices are suitable for the separation of wet and dry 
periods, as well as for the determination of variability. They are simple and 
do not require large datasets. Water balance indices are more complex. In ad-
dition to precipitation they also take into account temperature, which is used 
as the main factor of evaporation from the output side of the water balance. 
Recursive indices consider cumulative eff ects of precipitation shortage since 
they use data from the preceding period and hence characterize longer time 
periods. Soil moisture indices are able to estimate crop loss and agricultural 
water shortage. The main advantage of the indices based on remotely sensed 
information is the good spatial coverage for large areas.

In order to keep a reasonable length of this paper, standardized precip-
itation anomaly index (SAI), Ped’ s drought index (PDI) and Thornthwaite‘s 
aridity index (TAI) are used to estimate the projected trends of dry climatic con-
ditions by the end of the 21st century in the Carpathian Basin (Thornthwaite, 
C.W. 1948; Ped, D.A. 1975). 

One of the most simple indices is SAI (Katz, R.W. and Glantz, M.H. 
1986). The main advantage of this dimensionless index that it can be calculated 
only from precipitation time series. In addition, SAI is a standardized measure 
for seasonal diff erences and for precipitation in diff erent climatic areas. Based 
on the defi nition the negative/positive trend of SAI implies drier/wett er climatic 
conditions. The drought classifi cation using SAI values is shown in Table 3.

TAI is widely used in agrometeorological studies (Thornthwaite, 
C.W. 1948). For calculating TAI temperature time series are also used in ad-

Table 1. Classifi cation of drought indices

Index types Examples

Precipitation indices

Relative anomaly index
Standardized precipitation anomaly index
Relative precipitation anomaly index
Precipitation anomaly index 

Water balance indices
Lang’s rainfall index
De Martonne aridity index
Thornthwaite index

Recursive indices Foley’s anomaly index
Palmer’s drought index

Soil moisture indices Ped’s drought index
Relative soil moisture index 

Remotely sensed indices Vegetation index
Normalized diff erence vegetation index 
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dition to precipitation (Kemp, D. 1990). 
Decreasing/increasing trend of TAI 
means drier/wett er climatic conditions. 
Table 4 shows the diff erent drought cat-
egories according to TAI. 

For complex studies it can be 
useful to compare standardized values 
of temperature and precipitation in or-
der to obtain a more accurate result. PDI 
(Bagrov, N.A. 1983; Ped, D.A. 1975) is a 
soil moisture index, which trends are op-
posite to SAI or TAI, namely, decreasing/
increasing trend indicates wett er/drier 
conditions. PDI values close to zero (be-
tween –1 and +1) implies neutral states. 
Drought classifi cation using PDI values 
is shown in Table 5.

Data 

To assess uncertainty due to natural and 
anthropogenic forcing factors, future cli-
matic conditions are estimated with an 
ensemble of climate models. For Europe 
the fi ve-year-long project ENSEMBLES 
studied the projected climate changes 
(van der Linden, P. and Mitchell, J.F.B. 

2009). The regional climate models (RCMs) run at 25 km spatial resolution 
for 1951–2100 used the SRES A1B emissions scenario, which estimates the 
atmospheric carbon-dioxide level to 532 ppm and 717 ppm by 2050 and 2100, 
respectively (Nakicenovic, N. and Swart, R. 2000). 

The necessary initial and lateral boundary conditions were provided 
by outputs of global climate models (GCMs). Here we use 9 RCM experiments 
driven by ECHAM5 (Roeckner, E. et al. 2006) and HadCM3Q (Gordon, C. 
et al. 2000; Rowell, D.P. 2005) GCMs. These global models were run at the 
Max Planck Institute in Hamburg Germany, and the Hadley Centre of the UK 
MetOffi  ce, respectively. 

For the analysis of drought conditions in the Carpathian Basin gridded 
monthly mean temperature values and monthly precipitation amounts of the 
RCM outputs (Table 6) were used for the end of the 21st century (2071–2100). 
As a reference period 1961–1990 was selected. 

Table 3. Drought categories defi ned on 
the basis of SAI values

SAI values Category
> 2.0
  1.5 to   2.0
  1.0 to   1.5
–1.0 to +1.0
–1.0 to –1.5
–1.5 to –2.0
< –2.0

extremely wet
severely wet
moderately wet
near normal
moderately dry
severely dry
extremely dry

Table 4. Drought categories defi ned on 
the basis of TAI values

TAI values Category
> 6.4 
  3.2 to 6.4
  1.6 to 3.2
< 1.6

wet
semi-arid
arid
extremely dry

Table 5. Drought categories defi ned on 
the basis of PDI values

PDI values Category
< –3
–3 to –2
–2 to –1
  1 to   2
  2 to   3
> 3

extremely wet
severely wet
moderately wet
moderately dry
severely dry
extremely dry
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Results

In order to investigate the future change of the Hungarian drought condi-
tions seasonal mean drought index values have been calculated for the last 
three decades of the 21st century using the gridded outputs of each RCM, and 
compared to the reference period. For the spatial analysis the diff erences are 
mapped in Figures 1, 2 and 3 using SAI, TAI and PDI, respectively. The four 
columns represent the diff erent seasons. 

The maps in the upper four rows show the results from the RCM simula-
tions driven by HadCM3Q GCM, whereas the lower fi ve rows contain the results 
from the ECHAM5-driven RCM simulations. Yellow and red colors of the scale 
indicate drier conditions, while green and blue colors suggest wett er climate. In 
case of SAI (standardized precipitation index) and TAI (Thornthwaite‘s aridity 
index) decreasing trends imply drying. Opposite to these indices, increasing 
PDI (Ped’s drought index) values indicate drier conditions. 

From the maps the drying tendency in summer is clearly seen in us-
ing any of the three indices. The other three seasons are also dominated by 
drying tendencies, however, winter is likely to become wett er according to 
SAI (Figure 1), which can be explained by the defi nition of this index, namely, 
it is based only on precipitation amount, whereas TAI and PDI also consider 
temperature.

The average seasonal projected changes are summarized in Tables 7, 8 
and 9 for Hungary using the grid-cells located within the country. Besides all 
the individual RCM results, the averages and the standard deviations of the 
9-member-ensemble are calculated. The larger projected changes are indicated 
by italic characters. Since the scales of the three indices are diff erent therefore 
diff erent thresholds are used: in case of SAI, TAI and PDI large changes are 
defi ned as exceeding 0.3, 2.0 and 0.4 in absolute value, respectively. Again note 
that the signs of the PDI changes are opposite to those of SAI or TAI changes. 

Table 6. Used regional climate model simulations, their running 
institutes, and the driving global climate models

RCM Institute, country Driving GCM
HadRM3Q
CLM
RCA3
RCA

METO-HC, United Kingdom
ETHZ, Switzerland
C4IR, Ireland
SMHI, Sweden

HadCM3Q

RegCM
RACMO2
REMO
HIRHAM

ICTP, Italy
KNMI, Netherlands
MPI, Germany
DMI, Denmark

ECHAM5
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Fig. 1. Projected seasonal changes of SAI by 2071–2100 relative to the 1961–1990 reference 
period using 9 diff erent RCM simulations
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Fig. 2. Projected seasonal changes of TAI by 2071–2100 relative to the 1961–1990 reference 
period using 9 diff erent RCM simulations
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Fig. 3. Projected seasonal changes of PDI by 2071–2100 relative to the 1961–1990 reference 
period using 9 diff erent RCM simulations
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Table 7. The average projected seasonal changes by 2071–2100 relative to the 1961–1990 
reference period for Hungary in case of SAI using 9 diff erent RCM simulations*

RCM DJF MAM JJA SON Driving GCM
HadRM3Q
CLM
RCA3
RCA

0.21
0.18
0.37
0.19

-0.10
-0.18
0.05

-0.09

-0.37
-0.34
-0.08
-0.50

0.05
-0.16
-0.19
0.39

HadCM3Q

RCA
RegCM
RACMO2
REMO
HIRHAM

0.19
0.22
0.29
0.18
0.29

-0.05
0.09

-0.12
0.02
0.10

-0.15
-0.07
-0.19
-0.48
0.09

-0.04
-0.18
0.00

-0.15
-0.03

ECHAM5

Ensemble-average
Standard deviation

0.24
0.07

-0.03
0.10

-0.23
0.20

-0.03
0.18

* Changes exceeding 0.3 in absolute value are indicated by italics.

Table 8. The average projected seasonal changes by 2071–2100 relative to the 1961–1990 
reference period for Hungary in case of TAI using 9 diff erent RCM simulations*

RCM DJF MAM JJA SON Driving GCM
HadRM3Q
CLM
RCA3
RCA

-1.92
-1.88
-1.64
1.71

-1.91
-2.20
-1.66
-1.72

-6.17
-11.80
-2.18
-6.79

-1.80
-1.76
-1.11
-1.92

HadCM3Q

RCA
RegCM
RACMO2
REMO
HIRHAM

-0.57
-0.87
-0.17
-0.93
-0.58

-1.02
-1.16
-1.79
-0.71
-1.19

-1.89
-2.14
-1.95
-2.01
0.08

-1.73
-1.72
-1.76
-1.87
-0.40

ECHAM5

Ensemble-average
Standard deviation

-0.76
1.11

-1.48
0.48

-3.87
3.69

-1.56
0.50

* Changes exceeding 2.0 in absolute value are indicated by italics.

Table 9. The average projected seasonal changes by 2071–2100 relative to the 1961–1990 
reference period for Hungary in case of PDI using 9 diff erent RCM simulations*

RCM DJF MAM JJA SON Driving GCM
HadRM3Q
CLM
RCA3
RCA

0.16
0.10

-0.04
0.14

0.31
0.32
0.28
0.16

0.74
0.63
0.44
0.72

0.30
0.28
0.36

-0.11

HadCM3Q

RCA
RegCM
RACMO2
REMO
HIRHAM

-0.13
-0.01
-0.14
0.11

-0.19

0.14
0.18
0.23
0.17
0.12

0.38
0.39
0.48
0.71
0.01

0.19
0.25
0.19
0.28
0.23

ECHAM5

Ensemble-average
Standard deviation

0.00
0.13

0.21
0.08

0.50
0.23

0.22
0.13

* Changes exceeding 4.0 in absolute value are indicated by italics.
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The values suggest that the largest drying in Hungary is projected for 
summer. Compared to the summer changes less intense drying tendencies are 
likely to occur in spring and autumn. Winters may result more precipitation 
in the future (Table 7. – SAI), however, due to the warming trend TAI and PDI 
suggest overall drier winters in the late 21st century compared to the reference 
period (Tables 8 and 9, respectively). This can be explained by the increasing 
evaporation in the warmer environment.

Conclusions

Precipitation and temperature gridded monthly outputs of 9 RCM simulations 
(available from the ENSEMBLES project) were used to calculate diff erent type 
of drought indices (SAI, TAI, PDI) for the Carpathian Basin considering the 
A1B emissions scenario. Based on the analysis presented in this paper the fol-
lowing conclusions can be drawn:

(i) Summers of the late 21st century are clearly projected to be substan-
tially drier than the 1961–1990 reference period. 

(ii) Winter precipitation tends to increase in the future. However, be-
cause of the regional warming and the consequent increase of evaporation 
climatic conditions are projected to become drier in winter, too.

(iii) Springs and autumns tend to become also slightly drier by 2071–
2100 relative to the 1961–1990 reference period.

The overall drying tendency in the region highlights the necessity to 
develop the appropriate strategies to adapt to the regional climate change. 
This is especially important for end-users and decision-makers related to 
agriculture, food and drinking water security.
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Spatial analysis of groundwater level monitoring network in 
the Danube–Tisza Interfl uve using semivariograms
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Abstract

Over the last thirty years water-scarcity has been the main factor restraining agricultural 
activity and the size of the nature reserve areas of the Kiskunság National Park in the 
Danube–Tisza Interfl uve. Fluctuation of water resources aff ecting the plain areas in general 
is indicated by the decrease of the groundwater level, summarizing the eff ects of all the 
infl uencing phenomena. Aft er that, the decreasing trend of groundwater level has been 
realized, studies aiming to determine the causes and the extent of the phenomenon have 
been carried out. Contrary to previous investigations, the present study does not analyze 
the diff erent groundwater levels as time series. Instead, it deals with the spatial relationship 
of the measurements at certain moments of time using spatial semivariogram analysis on 
hydrographs of shallow groundwater data, in order to (i) analyse the spatial structure of 
the groundwater level monitoring well system and (ii) to recalibrate it. The results indicated 
a very strong, periodically changing correlation between groundwater level and elevation. 
Furthermore it was shown that the spatial variability of groundwater-level variations can 
be observed with half as many, more optimally arrenged stations as the existing ones.

Keywords: geostatistics, groundwater level, range, variogram analysis

Introduction

In the last thirty years, water-scarcity has been the main factor restraining 
agricultural activity and the size of the nature reserve areas of the Kiskunság 
National Park in the Danube–Tisza Ridge. This phenomenon has led to total 
or partial drying up of wetlands and degradation of certain habitats (Biró, 
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M. et al. 2013a,b; Ujházy, N. and Biró, M. 2013). Fluctuation of the volume of 
water resources aff ecting the plain areas is indicated by the decrease of the 
groundwater-level. This process summarizes the eff ects of all the infl uencing 
phenomena. The tendency of decreasing groundwater-level was fi rst detected 
in hydrographs at the beginning of the 1980s. Aft er that, several studies aiming 
to determine the causes and the extent of the phenomenon have been carried 
out (Major, P. and Neppel, F. 1988; Major, P. 1993; Szodfridt, I. 1993; Ladányi, 
Zs. et al. 2009, 2010).

Hydrographs are time series consisting of trend periodicity and noise, 
which are commonly analyzed separately. The study of smaller and larger 
decreases of ground water level and their spatial extension (e.g. mapping the 
groundwater level diff erences at certain moments of time) is a possible way of 
analyses (Pálfai, I. 1994, 1996; Rakonczai, J. and Bódis, K. 2002; Szalai, J. et al. 
2008, 2011). A major part of this research-approach is the analysis of annual and 
multiannual periods of groundwater level fl uctuation. Examples on the analysis 
of the former ones can already be found from the 1950s (Ubell, K. 1953; Szabó, 
Gy. 1959, 1960; Rétháti, L. 1974; Rónai, A. 1985; Kovács, J. et al. 2011a). 

The peculiarity of the phenomena showing periodic changes is that the 
expected annual period may not recur, i.e. certain periods may not turn up. 
Annual periods are extremely important from an agricultural point of view, 
since the yield depends on precise planning. Therefore groundwater level data 
should be assessed by methods that are capable of determining the existence 
and the possible non-existence of a period. Wavelet spectrum analysis is a reli-
able method to estimate the precise temporal fl uctuation of periods (Kovács, 
J. et al. 2004, 2010.)

Some researchers applied multivariate data analysis techniques in or-
der to determine the groundwater level fl uctuation patt ern of the studied area 
and the spatial distribution of the fl uctuations (Szalai, J. et al. 2011; Kovács-
Székely, I. and Szalai, J. 2009; Ladányi, Zs. et al. 2009, 2010; Rakonczai, J. 
2011). According to the new research trend of the last decade, groundwater 
level fl uctuation is associated with subsurface fl ow systems (Mádlné Szőnyi, 
J. et al. 2005).

Previous approaches used a shallow groundwater monitoring network 
as data source. It should be noted that samples taken from a monitoring sys-
tem at a given point of time only represent one sample realization. A proper 
sample should refl ect all the important characteristics of the statistical popula-
tion and to allow the approximation of the unknown z parameter’s value in 
the x,y coordinates of the sample area with adequate accuracy (Kovács, J. and 
Kovács-Székely, I. 2006a, b). Besides the above-mentioned conditions, it is re-
quired that the functioning of the monitoring system should be as economic as 
possible. The higher the variability of z is within an h distance, the denser the 
sampling should be. Variability can be described by means of several functions. 
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In this particular work the semivariogram range is to be used for estimating 
spatial sampling range. Range is one of the main characteristics of the semi-
variogram, which is derived from the basic function of geostatistics, the vari-
ogram (Matheron, G. 1965). In the Hungarian technical literature this function 
has been primarily used to determine the temporal sampling range of water 
chemistry parameters in order to estimate the adequate frequency of sampling 
(Kovács, J. et al. 2011b; 2012; Hatvani, I.G. et al. 2011, 2012a). Nevertheless, 
there are examples for spatial variogram analysis as well (Kovács, J. et al. 2005; 
Hatvani, I.G. et al. 2012b, 2014).

In the view of these studies, the main aim of the present research 
has been to not just analyse the diff erent groundwater levels as simply time 
series; instead, it deals with the spatial relationship of the measurements at 
certain moments of time, in order to (i) analyse the spatial structure of the 
groundwater level monitoring well system and to (ii) recalibrate it, based on 
the results of the study.

Materials and method

Location and characteristics of the studied area

The study area is bordered by the Danube and Tisza rivers, the southern 
state border and Gödöllő Hills, so it is nearly 10,000 km2  area with featuring 
diversifi ed landforms. The entire area consists of four geographical units: (i) 
an alluvial plain along the Danube, (ii) Danube–Tisza Ridge and (iii), Bácska 
Plain and (iv) Lower Tisza Plain (Hajdú-Moharos, J. and Hevesi, A. 1999; 
Mezősi, G. 2011a,b) (Figure 1).

The western border, the Danubian Plain is an alluvial cone fl atland 
with a length of 240 km and a width of 20 to 25 km, the former fl ood area of the 
river. The most complex landforms in the region can be found in the vicinity 
of Budapest. The higher areas feature terrace remnants, while the lower-lying 
parts were truly fl ood plains. 

The terraces are made up by silty sand and aeolian sand, while the 
fl ood plains are made of fi ne-grain fl uvial sediment. The southern part of the 
area is a perfect fl atland intersected by microforms. The lower fl ood plains 
are covered by impermeable muddy-clayey sediment, while the higher fl ood 
areas are covered by overbank deposits and in some parts remobilized aeolian 
sand. Saline lakes are unique characteristics of the area. These were formed in 
the abandoned river beds partially fi lled with sediment without any outlets. 
A 10–20 m thick layer of gravel is located underneath the surface formations 
in the North, which continuously thickens toward to the South, and comes to 
the surface at the Kalocsa Plain (Kalocsai Sárköz) (Mezősi, G. 2011a,b).
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Fig. 1. The location and borders of the Danube–Tisza Interfl uve and the shallow ground-
water monitoring network
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The Bácska Loessy Plain located separately on the south-western part 
of the Danube–Tisza Interfl uve, with an altitude varying between 100 to 175 
m asl.. The area breaks off  towards the west over the valley of the Danube 
with a steep edge, while in the west, towards the Danube–Tisza Ridge the 
transition is gradual.

The eastern border section of the Danube–Tisza Interfl uve is called 
the Lower Tisza Plain featuring a very low-lying area of 79 to 85 m asl. with a 
Holocene alluvial fl atland. Towards the east, its surface is diversifi ed by loop 
lakes, ox-bow lakes and formations created by wind activity with eroding 
edges.

According to Biró, M. et al. (2009) the centre of the Danube–Tisza 
Interfl uve is the Danube–Tisza Ridge with an altitude of 100 to 130 m asl., 
stretching from Gödöllő Hills to Bácska Plain covering a total area of 7,400 km2. 
The surface forms have been mainly created by the wind and only secondly 
by water. The curved formations located in the western part of the region have 
been formed by the side branches of River Danube. These areas were fl ooded 
by the river and were fi lled up by fi ne-grain sediment. Diversifi ed sand forms 
were formed owing to the aeolian surface-forming activity. The extensive fl at 
or slightly undulating plains are broken up by island-like sand-dunes. In 
general, these sand dunes are only a few km wide, but some of them have a 
diameter of over 10 km. 

The areas covered by aeolian sand are characterized by mesoforms 
such as: wind grooves, hummocks and remnant ridges, and even parabola 
dunes (Kiss, T. and Tornyánszki, É. 2006). Wet and boggy areas oft en without 
outlets, lakes and meadows – temporary covered by water – were formed in the 
grooves between the sand dunes (Lóki, J. 1999; Mezősi, G. 2011a). Underneath 
the boggy areas very oft en limestone deposits were formed with a total thick-
ness of 20 to 30 cm.

The geological characteristics of the Danube–Tisza Interfl uve 
and the lack of water

The Neogene sediments of the area do not form a cohesive aquitard, thus the 
region is characterized by a unifi ed water fl ow system. Two fl ow regimes can 
be distinguished: (i) gravity driven fl ow regime with precipitation as main 
water source and (ii) over pressured saline fl ow regime (Mádlné Szőnyi, J. et 
al. 2005). In the ridge region of the Interfl uve (i.e. recharge zone) the infi ltrated 
water fl ows towards the Danube and Tisza valleys (fl ow regions) due to dif-
ferences in the altitudes of the two regions. Gravity driven meteoric waters are 
“hydraulically supported” by deep waters, but the latt er are upwelling locally 
through migration routes such as faults on the Ridge.
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Water resources coming from the Ridge through the gravity driven 
fl ow reach the surface at discharge areas, as they move towards the Danube 
valley. The major part of these waters are hydraulically trapped or accumu-
lated in groundwater reservoirs. (Mádlné Szőnyi, J. and Tóth, J. 2007). The 
local and intermediary fl ow systems are hierarchically structured on the re-
gional water fl ow system of the Danube–Tisza Interfl uve. In the case of the 
local water fl ow systems, the direction of water fl ow is determined by the 
geomorphological characteristics of the region. In the case of sand dunes, in-
fi ltration of rainwater can be observed, while the gaps between adjacent sand 
dunes are characterized by water discharge. On a local level these processes 
can be considered a system.

In the Danube–Tisza Interfl uve precipitation surplus was experienced 
up to the middle of the 1960s, followed by a stagnation period until the middle 
of the 1970s. As a result of the surplus waters the ground water level has been 
increased. Saline fl at areas and defl ation coves were inundated very oft en. At 
this time (i) the drainage water channel system construction was completed, 
and (ii) larger areas were planted with tree species with high water demand, 
mostly with poplar.

From the beginning of the 1970s to the middle of the 1990s the precipi-
tation level dropped below the climatic mean, a shortage of nearly 1000 mm 
in precipitation was experienced in the area. 

As a result, ground water level started to drop, signifi cant portion of 
the former lakes and boggy areas dried up (Major, P. 1994; Liebe, P. 1994). 
During this time extensive ground water exploitation took place mostly for 
irrigation purposes, which also contributed to the further reduction of ground 
water level.

The exact amount of water exploited in the territory of the investigated 
area is unknown. The shortage of rainfall was mitigated by the middle of the 
1990s, as a result the intensity of ground water level dropping slowed down 
and in certain areas the water table started to rise (Szalai, J. 1996). Besides the 
lack of precipitation, the fl uctuation of the groundwater level is infl uenced 
by the exploitation of artesian water, too. At the beginning of the 2000s, with 
the decrease of the exploitation of artesian water, the pressure heads began 
to rise (Liebe, P. 1994).

Preparation of groundwater-level data

Four Water Management Directorates have a system for detecting ground-
water level comprising 398 groundwater wells. The database contains data 
from shallow-groundwater wells that have ceased their activity for diff erent 
reasons. One of the reasons can be the drop of groundwater-level in the vicinity 
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of a given groundwater well, when the water level reached the bott om screen-
ing section, the well theoretically aridifi ed and it became useless for regular 
measurements (Szalai, J. and Nagy, Gy. 2006).

Data preparation was conducted on groundwater level time series 
with diff erent lengths and quality. Besides fi ltering the data, hydrographs 
have been derived which helped to spot clearly incorrect or incomplete data 
(obvious typos, date entry mistakes etc.). Some hydrographs had to be modi-
fi ed since their pipe rim was changed. If such mistakes could not be corrected 
in an obvious way, the data sets were discarded.

Besides GIS-based solutions, the visual presentation of the data sets 
had an important role too. The fi rst step of spatial error fi ltering comprised 
visual presentation. Using Golden Soft ware Surfer 11 and Scripter isoline maps 
were created by linear interpolation for 60 months. The isoline maps showed 
the outstanding values of the data sets. The values corresponding to the given 
values were identifi ed in the data source.

Aft er the visual interpretation, the rasters were interpolated from the 
remaining points and cross validation was carried out. In cases where the 
diff erence between estimated and measured values were outstanding, further 
investigations were carried out to determine whether they were due to extreme 
values or measurement errors. 

Measurement errors were corrected when it was possible or the sam-
pling sites were omitt ed from further analysis. Aft er correcting and fi ltering 
the data, 321 groundwater level monitoring wells were left  for analyses (Figure 
1). The spatial distribution of the groundwater monitoring wells is uneven. 
The distance between the closest groundwater monitoring wells is 3.61 m 
while the largest distance is 12 km. The average is 8,186.56 m and the standard 
deviation is 2,645.74 m.

Sixty sample realizations were chosen from the monthly averages of 
the measurement period between 1980 and 2010 to form the basis of the vari-
ograms to present the spatial correlation between the data sets. Data measured 
for every January, April, July and October from every second year were chosen, 
in order to achieve the 60 sample realizations. 

Thus, the annual periods could be followed, which is a key character-
istic of groundwater level. Moreover, it is known that analysing every second 
year is enough to observe the fl uctuation of time series (Shannon, C.E. 1949). 
In the period of 2002–2004 the highest number of wells reached 289, but until 
the 1990s this number was less than 200, with a minimum of 188 functioning 
wells. As an average it can be stated that the time series of only 234 wells 
could be used.

An average of 44 months was available out of the total 60. 53 monitor-
ing stations (16.5%) had complete data sets. The median  and standard devia-
tion wer 51 and 16.87, respectively.
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The variogram function and its characteristics

Semivariogram function derived from the variogram  are the most suitable 
function to analyze the spatial dependence of the groundwater level data. 
The function can be described the following way (Füst, A. 1997; Molnár, S. 
and Füst, A. 2002; Molnár, S. et al. 2010): Let Z(x) and Z(x+h) be the values 
of a parameter sampled at distance |h| from each other. The variance of the 
diff erence of Z(x) and Z(x+h) is 

In the case of samples taken from the same population (stationarity) 
we could assume that 

                              , so that

The function 2 γ(h) is called the parameter’s variogram, while γ(h) is its 
semivariogram. If we introduce the simplifi ed notation D2[Z(x)] = D2(x), and 
COV[Z(x), Z(x+h)] = g(h), then γ(h) = D2(x)–g(h). The semivariogram could be 
calculated by the Matheron algorithm (Matheron, G. 1965): where N(h) is the 
number of pairs within the lag interval h. 

In practice, Z(xi) ≥ 0 (i = 1, 2, …, n) and D2[Z(x)] ≥ g(h) ≥ 0, so that theo-
retically the semivariogram can only take values from the 0 ≤ γ(h) ≤ D2[Z(x)].

The most important properties of the function are the follows (Figure 2):
(i) If the function does not start from the arbitrary point of the coor-

dinates (C0>0), it will be called “nugget eff ect”. The value C0 of the semivari-
ogram at the origin provides information of the sampling error.

(ii) If the semivariogram does not have a rising part, the points of the 
semivariogram will align above the abscissa parallel to it. A semivariogram 
such as this is called of a nugget eff ect type. In this case no range can be esti-
mated, i.e. the sampling frequency is insuffi  cient.

(iii) The level at which the variogram stabilizes is the sill (C+C0); it is equal 
to the variance for stationary processes. The value C itself is the reduced sill.

(iv) Range is the distance within the samples still have an infl uence on 
each other (Webster, R. and Oliver, M.A. 2007).

If γ(h) is an increasing function (if h → ∞ then γ(h) → ∞), the parameter 
is non-stationary Kovács, J. et al. 2012).

Empirical semivariograms can be approximated by many theoretical 
functions. (Deutsch, C.V. and Journel, A.G. 1992; Wackernagel, H. 2003). The 
estimation of sampling frequency using variograms is based on the range.
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Samples that are outside the range are uncorrelated. If we want to fi nd 
adequate information about the circumstances and processes that led to the 
depletion of the groundwater, the sampling network should be optimized in 
a way so that is unifying spatial ranges (i.e. areas defi ned by ranges around 
the sampling points) we could cover the whole sampling site (Füst, A. and 
Geiger, J. 2010; Füst, A. 2011). If the range of a studied parameter is undirec-
tional, then the phenomenon is isotropic and the spatial range will be circular. 
Otherwise anisotropy is produced and the special range will be of an elliptic 
nature. If parameters are isotropic, the sampling points should be placed in 
a grid composed of squares or equilateral triangles, while if parameters are 
anisotropic sampling points, they should be located in a grid composed of 
isosceles triangles.

In order to gain information referring/covering to the whole area, it is 
insuffi  cient to only have a square grid with an edge length that is twofold of 
the estimated range. On the contrary, the edge length should be a√2  (Figure 
3., a) in case of square grid and a√3 (Figure 3., b) in case of triangular grid. In 
the case of an ellipse range area the same values can be approximated by an 
edge length of a√2 and b√2  in the case of a rectangular grid, while a√3 and b√3 
in the case of an isosceles triangular grid.

Fig. 2. The properties of the semivariogram
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Two adjacent equilateral triangles form a rhombus while two adjacent 
isosceles triangles form a parallelogram (Figure 3., c). It is clear that these net-
works are much more favorable than the ones formed of squares or rectangles, 
as using these networks a larger area can be covered with the same number 
of sample points. Thus the number of sampling points necessary to cover the 
sample area is 23% less.

In case of rectangular and rhomboid grids the side lengths of the cells 
should be adjusted to the direction of the smallest and largest ranges of the 
parameter analysed (Füst, A. 1997).

Preliminary data analysis, representative examples from 
the empirical semivariograms of the sample area

Variogram analysis was carried out on the pre-processed data series. As the 
same operation had to be performed sixty times in the case of each chosen 
point in time, therefore a script was writt en in Scripter in order to batch the 
operation sequence. The script generated n variograms based on the x, y, z1, z2, 
… zn structured ASCII type input fi les and on the set parameters. The following 
parameters were adjustable: maximum lag distance, number of lags, direction 
of pairs, tolerance, the detrend type, the *.dat fi les comprise the x, y coordinates 
of the variograms (h, γ), while the *.jpg fi le includes graphic representation of 

Fig. 3. The relationship between range and sampling network in the case of square grid 
(a); between range and sampling network in the case of triangular grid (b); Comparing the 

confi guration of the sample networks (c) (based on Füst, A. 1997)

a) b)

c)
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the n variograms (htt p://gis.elte.hu/geostat). First, the program was compiled 
using the default sett ings of the Surfer, specifi cally the maximum lag distance 
was set to 68,000 m, the number of lags 25, the direction of pairs is 90° (undirec-
tional). In this case trend has not been removed. Each of the obtained functions 
reached the sill at a 40 km long range and a variance of 200 m2.

Since area is part of a ridge and the surface of the groundwater more-
or-less adjusts to the topographic surface, therefore the anisotropy of the pa-
rameters is assumed. As the number of elements in the sample realisations 
is high enough to calculate directional empirical semivariograms, these were 
computed in the four main directions (W–E, NW–SE, N–S, NE–SW). The script 
was computed with the following modifi ed sett ings: the tolerance was set to 
30° and the direction was set to 0° (W–E). Then the operation was carried out 
with the same tolerance (0°) and the direction being 45° (NW–SE), 90° (N–S) 
and 135° (NE–SW). Studying the obtained 240 functions the previous assump-
tions have been proved to be correct.

The preliminary variograms were calculated from the data of October 
2006 to explore whether the functions have diff erent ranges and diff erent vari-
ances (anisotropic structure). The most peculiar semivariogram was related to 
the N–S direction, as it showed a monotonic increase that can be traced back 
to trend-like changes.

If the trend subtraction proved to be successful, then – aft er subtracting 
an adequate order trend – the semivariogram of the residuals will be station-
ary and the variance can be determined and thus the range, too (Füst, A. 1984). 
Therefore as a next step, linear trend was subtracted using the same sett ings. The 
results were the same, thus in the following step the quadratic trend was subtracted. 
Unlike the linear trend, the X and Y direction trends provide a model with an 
adequate approximation to the general inclination of the Danube–Tisza Ridge. 
Thus aft er the subtraction of the quadratic trend we could determine the range 
in each of the four directions. This was automatically carried out onwards.

Aft er these steps, the directional semivariograms were merged to facili-
tate the recognition of the anisotropy and the defi nition of the range. Moreover, 
a semivariogram surface was created for the same reason (Figure 4). Based on 
the above mentioned semivariograms, the anisotropy direction is NNE–SSW 
while the range is approximately 20 and 30 km.

Results and discussion

Determining the smallest spatial structure

To examine the phenomena – describable with the smallest spatial structure 
– governing the groundwater level, the distance among the monitoring wells 
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has to be shorter than the characteristic action radius of the monitored process. 
Therefore, the smallest range has to be estimated from the empirical semivari-
ograms.

In order to recognize the assumed smallest ranges, the resolution of 
the semivariogram has to be increased. To achieve this either the maximum 
lag distance could be decreased or the number of lags could be increased. 
Hence, the script was modifi ed in the following way: maximum lag distance 
was decreased to 34,000 m while the number of lags remained 25; thus the 
achieved resolution doubled compared to the original situation. At this resolution 
more than one range became noticeable (Figure 5., a).

The presence of multi-sill structures can be explained by diff erent 
processes building up on one another. In such cases fi tt ing of the multiple sill 
semivariograms should be carried out. However, the currently available appli-
cations do not facilitate this process. Therefore the smallest range could only be 
determined by manually fi tt ing a theoretical model to the empirical semivari-

Fig. 4. Regional semivariogram-surface derived for the groundwater level data measured 
in October 2006 visualized by colour ramp
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ogram. Moreover, the direction of the anisotropy has changed, too. While on 
the regional level, the direction of the major axes was NE, on a local level its 
direction has changed to SE (Figure 5., b). In the case of the sample realizations 
with data available from a minimum of 250 ground water level monitoring 
wells, the smallest range appeared at a lag distance of 3,000 meters.

However, in the case of such a small search radius, the number of pairs 
was insuffi  cient from a statistical point of view. Therefore, in the case of this 
particular semivariogram (Figure 5., b) the smallest range was determined at 
the second sill with a value of 6 km in the NE direction, while in the SE direc-
tion the smallest range was 14 km.

Applying this method, the data measured in other years gave the same 
results with a standard deviation was 16.6%, consequently the range was reduced 
with the value of the standard deviation, to ensure the full coverage of the area. 
In the forthcoming analyses, the range value of 5 and 11.67 km were used.

Outlook on the diversity of relief and shallow groundwater

The example of the Fülöpháza sand dune region is presented to show explic-
itly that the shallow groundwater fl uctuation is the main governing factor 
regarding the fi rst sill.

Fig. 5. The four directional empirical semivariograms based on data measured in October 
2006 with doubled resolution (a); Spherical theoretical semivariograms visualised together 
with the semivariograms indicating the smallest range at ~ 2,500 m and the ones signifi cant 
base on the number of pairs at ~ 6,000 m and ~ 14,000 m (b). The colours of the semivari-

ograms correspond to the direction in the inset pie-chart

a) b)
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The proportion and the direction of the axis basically overlap, while the 
ranges are smaller than parameters defi ned in the case of groundwater (Figure 
6). It can be assumed that the smaller ranges exist in the case of groundwater 
levels, too, but especially in these areas with a variable relief, the distance 
between data pairs is larger than the assumed minimal range. Based on the 
above-mentioned observations, it is assumed that in the 1980s and in the fi rst 
part of the 1990s, in certain areas, the sampling network was not dense enough 
to enable tracing of the groundwater changes determined by the meso-forms. 
In other areas it was too dense. In the subsequent years more groundwater 
level detection wells were established, so blank spots disappeared but at the 
same time the proportion of overrepresented areas increased.

Fig. 6. The four directional empirical semivariograms of the Fülöpháza dune region in the 
four main directions corresponding to the colours of the inset pie-chart (upper left ) and 

the surface of the variogram (bott om right)
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Spatial range analyses

Using the coordinates of groundwater level monitoring wells that disposed 
of data in the studied period (1981–2010), the previously determined spatial 
ranges (ellipses) were plott ed. It helped to determine the extent of optimal 
groundwater level monitoring well network with adequate accuravy in the 
Danube–Tisza Interfl uve in the diff erent periods. By this way, it became pos-
sible to fi nd out that there were unmonitored areas that had not been covered 
by the spatial ranges of any of the existing groundwater monitoring wells, thus 
information was lacking regarding these areas. Additional important aspects 
regarding the present and future monitoring plans are (i) whether the existing 
groundwater level monitoring well network fully covers the area of the Ridge, 
and (ii) which are the areas where the network is too dense.

October 1982 was the month when the smallest number of monitoring 
stations were available (Figure 7., a), while the most favourable case occurred 
in October 2010 (Figure 7., b) with the highest number of wells operating in 
the system. It is clear that the coverage was much sparse in 1982.

On the one hand the most outstanding patt ern is the extent of the 
areas with incomplete data sets, the so called blank spots. The most predomi-
nant is the white spot in the Kéleshalom, Jánoshalma and Borota regions, 
where the reduction of the groundwater level is the most signifi cant up to 

Fig. 7. The number of overlapping spatial range ellipses in the Danube–Tisza Ridge in 
October 1986 (a), and in October 2010 (b)



394

this day. Moreover, signifi cant blank spots exist in the Baja, Bátmonostor and 
Fülöpjakab, Bugac regions as well. On the other hand the network is need-
lessly dense around Kömpöc and Balástya, where some areas are covered by 
the spatial ranges of 14 monitoring stations.

The map of October 2010 (Figure 7., b) shows a situation similar to the 
present conditions. The number of blank spots is negligible in the area of the 
Kiskunsági sand region, which is important from the point of view of ground-
water level depletion. In the case of this sample realization the only area with 
incomplete data sets is that of Mórahalom. On the contrary, the number of ar-
eas that are covered by multiple monitoring wells increased. Furthermore, the 
number of monitoring stations around Kecskemét and Dabas has increased. 
Figure 7 indicates the two extreme values, but it can be generally stated that 
if the available data is scarce then the spatial density of the network will be 
insuffi  cient and vice versa. This was mainly true for the 1980s and the fi rst 
half of the 1990s. From the second half of the 1990s, with the increase of the 
monitoring stations that could be used in the analyses, the number of blank 
spots has minimalized, and the proportion of the areas that were covered by 
10–14 monitoring points has increased.

An idealised groundwater level monitoring well network has been 
obtained on the bounding box of the Kiskunság sand region (Figure 8) based 
on the relationship between the ranges determined using the multiple sill 
directional empirical semivariograms and the research network described 
above. This network can be established with a minimal number of wells. The 
network functioning at the end of 2010 is generally much denser than the ideal 
measuring network plott ed based on the ranges, while there are still areas 
characterized by the absence of data, as shown before.

Obviously, this is a theoretical, geometric model, optimized to the 
higher areas of the Danube Tisza Interfl uve mainly aff ected by aridifi cation. 
The state border had to be taken into consideration while other objective re-
straining factors (e.g. paved roads, gravel pits) were not considered.

In order to expand the model to the lower areas bordering the Ridge, 
further intermediate points need to be determined, so that each intersection 
would lie on the territory of the Danube–Tisza Interfl uve and the spatial range 
ellipses placed around these points would fully cover the territory between 
the two rivers. Thus the ideal location of the monitoring points cannot be 
determined only by a geometric model.

Conclusion

The main purpose of the study was to estimate the minimal number of monitoring 
wells that are necessary to track the spatial processes that can be followed with 
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Fig. 8. The relationship between proposed sampling network and the monitoring wells in 
October 2010 in EOV projection
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the existing network, given that the monitoring wells are located in an adequate 
way. The spatial structure of groundwater was analysed with the aid of directional 
empirical semivariograms at the Danube–Tisza Interfl uve (1981–2010).

The conclusion has been reached that the multiple sill structure indi-
cated by the semivariograms originates from the geomorphological units with 
diff erent scales (Kiss, T. and Tornyánszki, É. 2006).

In the largest regional structure characterized by a range around 20 
and 30 km and anisotropy with a direction of NNE–SSW. The direction of the 
axis linking the highest parts of the Ridge was determined, while the ranges 
refl ect the variability related to the alluvial cone. The smallest ranges identi-
fi ed, were at the second sill with a value of 5 and 11.67 km.

The correlation between the groundwater level and the elevation is 
periodically changing, but it is very strong. The more variable the relief of the 
area, the higher the variability of the groundwater level will be. Thus, if one 
wants to determine the smallest spatial structure of the groundwater level 
fl uctuation during monitoring network recalibration, the geomorphological 
characteristics of the area have to be taken into account.

According to the results, the spatial variability of groundwater-level 
variations can be observed with half as many stations as the existing network 
if they were optimally arranged. By establishing a couple of new detection 
wells or repositioning a few of the existing ones, even fi ner spatial processes 
could be monitored, thus the progression of the depletion could be interpreted 
in a more profound way.
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Abstract

The availability of global coverage digital surface models (DSMs, like ASTER GDEM or 
SRTM) and the variation of fused models based on these (like EU-DEM) still has a great 
impact on scientifi c researches, as they provide a fairly good base dataset with a low pro-
duction time and expenses. However, validation reports of the initial DSMs convinced dif-
ferent characteristics and errors, thus it is essential to examine these height datasets prior 
to application. A verifying process for EU-DEM is more important, because it has been 
published without a formal validation. Although the base of the EU-DEM was a corrected 
ASTER GDEM dataset, the visual assessment and the error statistics suggest more similar-
ity to the SRTM DSM. This study goes further than just identifying the errors, it att empts 
to correct the height diff erences. For this reason altering the false values of the land cover 
and fi ltering the occurring noise was implemented. The geomorphometric analyses carried 
out as part of the verifi cation methods propose each improved model as potential base for 
geomorphological studies, if they meet the certain eff ective resolution requirements. 

Keywords: EU-DEM, ASTER GDEM, SRTM, denoising, geomorphometry, open source GIS

Introduction

In the past decade the general availability of SRTM and ASTER GDEM ver-
sions provided public domain digital height datasets2 for a growing number 
of earth science studies (Bolch, T. et al. 2005; Bubenzer, O. and Bolten, A. 
1 Department of Physical and Environmental Geography, Institute of Geography, University 
of Pécs, H-7624 Pécs, Ifj úság u. 6. E-mails: edina.j0zs4@gmail.com, smafu@gamma.tt k.pte.
hu, monyi5@vipmail.hu

2 The SRTM and ASTER GDEM datasets are considered as digital surface models, although as 
stated by Takeda, R. and Takeuchi, W. (2010) DSM and digital elevation model (DEM) are not 
distinguished precisely in these models, because they include the height of the vegetation 
and buildings, but the resolution is much larger than the size of these surface elements.



402

2008; Drăgu , L. and Eisank, C. 2012; Gichamo, T.Z. et al. 2012; Grohmann, 
C.H. and Sawakuchi, A.O. 2013; Seres, A. and Dobos, E. 2009; Siart, C. et al. 
2009). The models are potential data sources for geomorphological researches 
due to the reasonable information content about the surface topography and 
acceptable spatial resolution, although multistep pre-processing work might 
be necessary (Guth, P.L. 2010; Hengl, T. and Reuter, H. 2011).

Aft er the acquired data was distributed, several att empts were made 
to create a fused digital surface model (DSM) product in order to improve 
the reliability and applicability by taking advantage of the complementary 
nature of the optical and radar remote sensing technologies (Kääb, A. 2005; 
Karkee, M. et al. 2008; Robinson, N. et al. 2014). Recently, a continent-wide 
fusion dataset has been published, only for the European Union, called EU-
DEM (Bashfield, A. and Keim, A. 2011; EU-DEM Metadata). Assuming that 
the dataset is accurate and reliable enough, it might fi ll a data gap in this fi eld. 
Diff erent characteristics of the applied source models and the steps of the data 
compilation signifi cantly aff ect the quality of the fi nal DSM product, so this 
paper focuses on exploring these eff ects and the applicability of the EU-DEM. 
It is necessary to reveal the specifi cations of the DSM and also analyse the 
most commonly occurring errors, in order to be clear about how accurate the 
results obtained using this model could be. 

While the data gathering was carried out in two weeks for the SRTM, 
the creation of satellite images for the ASTER GDEM required years. Therefore 
only the former model provides well-defi ned, immediate snapshot of the 
Earth’s surface. Furthermore, the quality of the GDEM varies in each region, as 
the quality of the source images and the number of available scenes for the ele-
vation data preparation can be diff erent (ASTER GDEM Validation Team 2009; 
Farr, T.G. et al. 2007; Frey, H. and Paul, F. 2012; Urai, M. et al. 2012). Another 
known issue of the models is the overall negative bias for ASTER GDEM and 
positive bias for SRTM in bare surface areas (ASTER GDEM Validation Team 
2009, 2011; Forkour, G. and Maathuis, B. 2012; Mukherjee, S. et al. 2013). An 
appearance of the artefacts – ‘residual clouds’, ‘bumps’, ‘pits’, ‘mole runs’ on 
GDEM, voids due to radar shadow on SRTM – is also a well-known problem of 
the models. All these were taken into consideration during the fusion process 
of EU-DEM by carefully removing the data with possible error and applying 
a terrain slope-dependent, weighted averaging method for the compilation 
(Bashfield, A. and Keim, A. 2011).

Although, GDEM and SRTM versions have been studied in diff erent 
regions of the Earth (e.g. Hirano, A. et al. 2003; Jacobsen, K. and Passini, R. 
2009; Li, P. et al. 2012; Reuter, H.I. et al. 2009; Szabó, G. and Szabó, Sz. 2010; 
Szabó, G. et al. 2013; Winkler, P. et al. 2006; Zhao, S. et al. 2011), as a part of 
this study a quality assessment and comparison of the ASTER GDEM V2 and 
SRTM V4.1 is also applied to review the specifi cations of the models over the 
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Eastern Mecsek Mountains. Previous papers reported bett er results for the 
SRTM (Frey, H. and Paul, F. 2012; Suwandana, E. et al. 2012), but the validation 
report and newer studies convinced the improvements of GDEM V2 (ASTER 
GDEM Validation Team 2011; Sadeq, H. et al. 2012; Urai, M. et al. 2012). As the 
DEM-based automated or semi-automated landform classifi cation, geomor-
phometric analysis is a prosperous subdivision of geomorphological research-
ing (Drăgu , L. et al. 2011; Drăgu , L. and Eisank, C. 2011; Saadat, H. et al. 
2008; van Asselen, S. and Seĳ monsbergen, A.C. 2006), thus it is necessary to 
obtain proper data sources. If the DSMs are corrected with certain pre-process-
ing steps, it is assumed that they could become a potential elevation database 
for further geomorphological researches in this area.

Study area

The study is carried out on a 350 km2 large part of the Eastern Mecsek Moun-
tains and its northern and southern foreland, located between 591,000; 800,00 
(SW) and 605,000; 105,000 (NE) EOV coordinates (Figure 1). 

From a geomorphological point of view, the area is divided into a 
low mountainous and hilly and a piedmont region, the elevation ranges from 
approx. 139 m up to 682 at Zengő as the highest peak. Landforms of the in-
vestigated area are determined by geological structure and palaeoclimatic 
conditions. Thus, before the GIS-based analyses it is required to overview the 
general geologic sett ings and landform evolution.

Within geological structure of the study area three main units can be 
distinguished. The central part of the study area is a low mountainous region 
builted up by Mesozoic marine, fl uvial and lacustrine sediments and crossing 
rift -type volcanic rocks. The Upper Triassic Karolinavölgy Sandstone is the 
oldest formation that can be found on the western boundary of the area. It is 
overlain by Liassic fl uvial–lacustrine–palustrine sediments with interbedded 
paralic coal-swamp deposits (Mecsek Coal Formation). The opencast coal min-
ing aff ected the elevation values over the study area therefore it was taken into 
consideration during calculations. The rapid subsidence of Mecsek half graben 
in Early and Middle Jurassic indicates increasing carbonate content and marl 
with limestone intercalations become characteristic (e.g. Hosszúhetény Marl 
F.). Siliceous and carbonate deep-sea sedimentation developed in the second 
half of the Jurassic. The Early Cretaceous basaltic magmatism penetrated the 
Jurassic layers and a basalt–tephrite–phonolite series occurs (Mecsekjános 
Basalt F.). It is covered by conglomerate and sandstone deposits (Haas, J. 2012). 
A radial horst range is dominant in this part of the study area and it has been 
dissected by a complex, dense erosional valley network due to the erodibility 
and impermeability of Mesozoic rocks (Ádám, L. et al. 1981).
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The second main unit built-up by Miocene alluvial, marine and lacustrine 
sediments that encompasses the higher central part. Northern side of this unit 
is characterized by chiefl y older (Szászvár Formation), while the southern by 
younger (Leitha Limestone F.) Miocene strata. As the Mecsek was an island in the 
Late Miocene, and the long-life Lake Pannon developed its sediments, which can 
be observed on both sides of Mecsek Mountains. (Nagymarosy, A. and Hámor, G. 
2012). These parts of the study area are characterized by a lower hilly surface. 

The third unit consists of a young aeolian loess series intercalated by pale-
osoils (Lovász, Gy. 1977; Pécsi, M. et al. 1988) on the top of the interfl uves and prolu-
vial deposits in the dry valleys and on the slopes. The Mecsekalja region is character-
ised by fragmented, lowering hills with general gentle sloping to south, while steeper 
slopes and deeper valleys can be found on Mecsekhát (the northern section). 

The landscape and landform evolution of the study area was described 
as a classical pedimentation process that formed a typical piedmont surface. 
This piedmont sensu Pécsi, M. (1963) is generally younger than the Pannonian 
layers that were cut with a gentle plain, but older than Quaternary erosional 

Fig. 1. Location of the study area (also showing the boundaries of micro regions* and Natura 
2000 SCI areas**) and its EU-DEM image (A) overlying highlighted reference DEMs and 
the aggregated land cover categories of CLC2006 (B). – 1 = urban and associated areas; 
2 = areas considered as bare surface; 3 = forests; 4 = permanent crops, shrub, semi natural 

and agricultural area, dumpsites; 5 = mineral extractions; 6 = water bodies
* htt p://www.novenyzetiterkep.hu/?q=magyar/node/407

** htt p://www.eea.europa.eu/data-and-maps/data/natura-4#tab-gis-data
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valleys with fl uvial terraces. On the southern slopes of Mecsek Mountains. 
diff erent pre-pedimentation denudation levels were observed (cf. Figure 7 in 
Pécsi, M. 1963 p. 199 and Figure 3a in Pécsi, M. et al. 1987, p. 42) that was for-
merly described as Middle and Late Miocene abrasion terraces or etchplains 
(Kovács, I.P. et al. 2013). Formation of the Mecsekalja piedmont surface started 
aft er retreating Lake Pannon approx. 7 Myr ago (Magyar, I. et al. 1999) and 
continued in Early Pliocene under arid steppe climate (Schweitzer, F. 1997; 
Sebe, K. et al. 2008). On Mecsekalja a dislocation zone (neotectonic fault system) 
developed that results a subsidence from Okorág towards Pécs, Ellend and 
Bóly, where basins were evolved as tectonic subsidence moved eastward. On 
Western Mecsekalja Pécs basin dissected the original piedmont surface thus it 
changed the valley and water network considerably. Obsequient valleys slop-
ing to North have cut deep into Upper Miocene and Pliocene beds (Fábián, 
Sz.Á. et al. 2005; Sebe, K. et al. 2008), while subsequent valleys captured conse-
quent streams. These river captions characterize the eastern and east-southern 
part of Pécs basin, and Eastern Mecsekalja is also aff ected by the processes.

The study area consists the last remain of original piedmont surface on 
the western section of Eastern Mecsekalja, however the traces of neotectonic 
subsidence (e.g. river captures, valley asymmetry) have already appeared 
(Kovács, M. 2013). Beyond main goal of this paper, a GIS-based geomorpho-
logical analysis was also att empted to identify these relict, hardly modifi ed 
classical piedmont surfaces.

Nowadays, the area has only a sparse sett lement network because of 
the large nature reserves and Natura 2000 areas of the Mecsek Mountains re-
gion. As a result of the strict protection, a wide forested area of about 145 km2 
is present in the study site, infl uencing the elevation values of the DSMs. The 
extensive agricultural fi elds represent the other relevant land cover category.

The low mountainous and piedmont topography completed with land 
cover conditions mentioned above seems appropriate for the chosen study 
showing the typical challenges related to the application of satellite-based 
DSMs (Vágó, J. and Hegedűs, A. 2011).

Methods and materials

The components are organized into a fl ow chart for a bett er perspicuity, as 
the quality assessment process and the att empted error correction consist of 
several steps (Figure 2).

Since the topic of satellite-based DSMs has been studied, it is essen-
tial to review the available offi  cial validation reports and other papers be-
fore further examinations. In addition, for the GDEM a QA fi le (NUM fi le) is 
also available, which provides information about the amount of stereo image 
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pairs used for the determination of the elevation values3. The ASTER GDEM 
Validation Team (2011), Urai, M. et al. (2012) proved that a higher number of 
‘stacks’ resulted in bett er height values, and the concept of the EU-DEM crea-
tion is also based on this characteristic.

During the pre-processing the elevation datasets were converted 
to a common projection and cell size, the horizontal misfi t (ASTER GDEM 
Validation Team 2011; Frey, H. and Paul, F. 2012) was corrected and the cells of 
mineral extraction sites were reinterpolated to avoid their misleading errors. 

The data analysis included computing the eff ective resolution of the 
models (Guth, P. L. 2010), and visualizing the representation of the surface and 
errors. An important task was the thorough examination of the vertical accu-
racy. According to Mukherjee, S. et al. (2013) the assessment of the models based 
on a few sample points is not a proper method. Similar to the cited research 
surface-to-surface comparisons of the satellite based DSMs and the contour-
based DEMs were performed and the error statistics were calculated. Based on 

3 This is also called ‘stacks’ and it is understood as the number of valid elevation data.

Fig. 2. The fl ow chart of the study
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previous studies (Frey, H. and Paul, F. 2012; Szabó, G. et al. 2013; Zhao, S. et al. 
2011) the correlation of height errors with terrain characteristics and land cover 
types was assumed and therefore examined. An att empted method was applied 
to improve the DSMs. The outstanding errors were corrected and the whole 
dataset was modifi ed according to the topography and land cover, in order 
to make the models more representative regarding the real surface. Finally, a 
denoising algorithm was implemented (Stevenson, J.A. et al. 2010).

Due to the modifi cations the accuracy of the resulted models required 
retesting. For the validation both error statistics and characteristics of the 
digital surface relevant to geomorphological researches were examined. 
The geomorphometric maps of the study area were generated based on the 
Topographic Position Index of Weiss, A. (2001).

It is important to emphasize that all steps were carried out using GNU 
GPL (General Public License), open-source soft ware including GRASS GIS 
6.4.3 (htt p://grass.-osgeo.org/), SAGA GIS 2.1.0 (htt p://saga-gis.org) to create 
and process the datasets and R (htt p://www.r-project.org) to perform the statis-
tical analyses. The spgrass6 package (Bivand, R. 2013) provided the R – GRASS 
interface, making it available to analyse the maps’ statistics with the built-in 
and user-defi ned functions of R, and create graphs representing the results.

The EU-DEM V1 dataset

The EU-DEM is a middle-precision surface model with a horizontal resolution 
of about 25 m, published in October 2013. It was created by an automated data 
fusion of improved ASTER GDEM data with SRTM data, using a weighted 
averaging approach. Substantial steps of the data preparation was the removal 
of the GDEM’s elevation values where the number of scenes was less than 
5, cloud cover caused errors or extremely diff ering height values occurred, 
and the fi lling of the voids with SRTM data. The concept of the model was to 
combine the advantages of both digital surface models with additional im-
provement by a new hydrography dataset and NEXTMap data (Bashfield, A. 
and Keim, A. 2011). The DSM is a realisation of the Copernicus programme, 
managed by the European Commission, DG Enterprise and Industry. The 
EU-DEM is available in 5°×5° tiles from the website of the European Environ-
ment Agency4 (EEA) or the European Commission5. As the data was provided 
without a formal validation, prior information about the horizontal and verti-
cal accuracy has not been available yet (EU-DEM Metadata).

4 htt p://www.eea.europa.eu/data-and-maps/data/eu-dem#tab-european-data
5 htt p://epp.eurostat.ec.europa.eu/portal/page/portal/gisco_Geographical_information_

maps/geodata/digital_elevation_model
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The SRTM V4.1 dataset

The Shutt le Radar Topography Mission acquired interferometric radar data for 
approx. 80 percent of the Earth in February 2000, using dual radar antennas 
(Farr, T.G. et al. 2007). The Consortium for Spatial Information (CGIAR-CSI) 
of the Consultative Group for International Agricultural Research (CGIAR) 
made available a post-processed, seamless, void-fi lled and complete elevation 
dataset for download6 as 5°×5° tiles with 90 m (3”) horizontal resolution7. The 
vertical error of the SRTM DSM is reported to be less than 16 m, although ac-
curacies are varying by continent and region (Rodriguez, E. et al. 2005; Farr, 
T.G. et al. 2007).

The ASTER GDEM V2 dataset

The Ministry of Economy, Trade and Industry (METI) of Japan and the Na-
tional Aeronautics and Space Administration (NASA) developed GDEM 
jointly that covers 99 percent of the land surface (ASTER GDEM Validation 
Team 2009). The basic diff erence from SRTM is that the ASTER GDEM was 
produced by extracting elevation values from a large amount of scenes col-
lected between 2000 and 2010 by the Advanced Spaceborne Thermal Emission 
Refl ection Radiometer (ASTER) on NASA’s Terra spacecraft  using nadir- and 
aft  looking infrared cameras (ASTER GDEM Validation Team 2011; Urai, M. 
et al. 2012). The dataset is available from multiple websites (e.g. Japan Space 
Systems ASTER GDEM webpage8) as 1°×1° tiles, with 30 m cell size. The valida-
tion studies provide diff erent accuracy values in diff erent regions of the globe 
using diff erent ground truth data, but in all the absolute vertical accuracy is 
reported to be approx. 17 m (ASTER GDEM Validation Team 2011).

The reference DEMs

The contour-based DEM of two sites over the study area was interpolated 
in SAGA GIS using the Triangulation method with 10 m cell size. The extent 
of these areas is approx. 130 km2. The created elevation models were used 
to represent the ground-truth values for the error estimation methods aft er 
downsampling to 30 m in GRASS. Manually digitising the contour lines and 
elevation points from the EOTR (Unifi ed National Map System) topographic 

6 htt p://srtm.csi.cgiar.org/SELECTION/inputCoord.asp
7 htt p://www.cgiar-csi.org/data/srtm-90m-digital-elevation-database-v4-1
8 htt p://www.jspacesystems.or.jp/ersdac/GDEM/E/index.html
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maps in scale of 1:10,000 provided the most accurate database at the lowest 
cost for the area. As stated by Engler, P. and Mélykúti, G. (2000) and Winkler, 
P. et al. (2007) the terrain information contents of the maps meet the accuracy 
requirements of the T.1. Regulation, thus the accuracy of created DEMs is 
considered adequate to provide an acceptable quality assessment of the above-
mentioned satellite DSMs and the fused EU-DEM dataset.

The CORINE Land Cover 2006 database

The seamless vector database of CLC2006 (Büttner, G. et al. 2012) was down-
loaded from the EEA’s site9 and converted into a 30 m resolution raster dataset. 
Analysing the impact of the land cover on the elevation models was executed 
on 6 aggregated categories (Figure 1b), that was based on the height of the 
features (vegetation, buildings) or the potential error of the elevation values 
(mineral extraction, water bodies).

Results and discussion

Data preparation

All analysed satellite-based DSMs were projected to the Hungarian Unifi ed 
National Projection (EOV) from lat/long (SRTM and ASTER GDEM) and ETRS-
LAEA (EU-DEM) projections10. For the comparison the models were upsampled 
or downsampled from their native resolutions to the common 30 m cell size – ei-
ther as part of the reprojection process, or using the resample tool in GRASS. The 
univariate statistics (minimum, maximum, mean, standard deviation) confi rmed 
that the resampling did not aff ect the data content signifi cantly (Table 1).

9 htt p://www.eea.europa.eu/data-and-maps/data/clc-2006-vector-data-version-2#tab-metadata
10 It has to be noted that the models were created using diff erent vertical datums and geoids, 

that also causes the deviation of the elevation values, but based on previous information 
(Kenyeres, A. et al. 2010; Winkler, P. et al. 2006) the height diff erences are much smaller 
than the reported vertical accuracy of the models.

Table 1. The univariate statistics of the models before (OR) and aft er resampling (RS)

Indicator
Minimum (m) Maximum (m) Mean STDDEV
OR RS OR RS OR RS OR RS

ASTER GDEM
SRTM
EU-DEM
ref. DEMs

73.0 
123.0 
123.4 
138.8 

83.0 
124.8
123.7
138.8 

690.0 
680.0 
677.4
680.0 

689.2
680.0
677.4 
679.8 

259.4
257.4
269.5
273.2

272.0
269.8
270.0
273.4

92.8
91.9
94.6

101.7

95.6
94.8
94.6

101.8
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The location of three peaks – Zengő, the middle peak of the Hármashegy 
and Dobogó was compared to check the horizontal misfi t of the models. Using 
the displacement values the DSMs were moved, and the height errors for every 
new location were calculated by subtracting the models from the reference 
DEMs. The suitable horizontal off set was determined by checking spatial 
distribution of the errors that still suggests horizontal shift , and examining the 
absolute mean error and standard deviation of the errors. The diff erence in the 
East–West direction was similar – around 70–80 m to the East, while the shift  
in the North–South direction varied from 12 to 42 meters to the North.

Quality assessment

The ASTER GDEM Validation Team (2011) reported that the error values decrease 
signifi cantly as the ‘stack’ number increases between 1 and 10 and there is only 
litt le improvement over 15. According to Bashfield, A. and Keim, A. (2011) the 
cells with less than 5 ‘stacks’ were removed from the EU-DEM during the prepa-
ration process. The examination of the QA fi le showed that over the study area 
the cells with ‘stacks’ less than 10 is not reaching 1 percent of the total area, and 
91.6 percent of the values were determined from more than 16 ‘stacks’.

The mentioned validation reports and independent studies 
(Guth, P. L. 2010; ASTER GDEM Validation Team 2009, 2011) revealed that 
although the GDEM V2, GDEM V1 and the full-resolution SRTM has ap-
proximately 30 m spacing of postings none of the DSMs have 30 m horizontal 
resolution. This also suggests that the EU-DEM fused model has a lower hori-
zontal resolution as well. The eff ective resolutions (Table 2) were determined 
using the method of Guth, P.L. (2010). The reference DEMs were resampled 
to 10 diff erent resolutions (10 to 100 m) and the mean slope values derived 
from every model were compared.

The shaded relief maps (Figure 3) and 2.5D visualization (NVIZ) are 
simple but eff ective tools to obtain preliminary information about the quality of 
the datasets. The EU-DEM looks well-smoothed in NVIZ, which was expected 

Table 2. The eff ective resolution of the DSMs

Indicator Spacing 
(m)

Resolution (former 
studies*) (m)

Resolution (in this paper) 
(m)

ASTER GDEM
SRTM
EU-DEM

30
90
25

~71
~97
..

~56
~92
~68

* There are diff erent values published. The values presented were calculated based on the 
standard deviation of downsampled non-LiDAR DEMs and the DSMs over test areas in 
Japan and West Virginia (ASTER GDEM Validation Team 2011). .. means no data.
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according to the production method. However, the strong smoothing resulted 
in a loss of surface details, as it is shown on the ‘blurry’ shaded relief map. 

The noise of the ASTER GDEM is conspicuous on the 2.5D map and on 
the shaded relief map also, suggesting necessary denoising. The 2.5D view of 
SRTM visually indicates a relatively correct representation of the surface, which 
is confi rmed by the hillshading, too. The subtraction maps provided the numeri-
cal data for the further error analysis, but they were useful to check the spatial 
distribution of positive and negative errors with the proper colour table (see fi g-
ures at the validation). As expected, generally the DSMs are above the reference 
datasets in the forested low mountainous parts and in the valleys (Paul, F. 2008), 
while under or near to the real surface on the piedmont. Although, the error 
values on the subtraction map of the ASTER GDEM show a higher variation.

First of all the analysed models were compared to each other by de-
termining their correlation. From the satellite-based DSMs the SRTM and 
EU-DEM shows the strongest correlation, while compared to the reference 
DEMs the SRTM has the highest and the ASTER GDEM the lowest value. The 
correlation of the height diff erences (Figure 4) show a strong positive associa-
tion, the highest value occurs between the SRTM and EU-DEM.

The error statistics11 – with no respect to terrain parameters or land 
cover types – give a general overview for the study area. The mean absolute 
error (MAE), the standard deviation of errors (SD) and the root mean square 
error (RMSE) are the highest in case of the ASTER GDEM, although the range 
of errors is the lowest. This indicates that higher number of cells has vertical 
error. The range of errors is the highest for SRTM, suggesting that outstanding 
errors are present in the model. Aguilar, F.J. et al. (2007) declare that outliers 
can corrupt the true statistical distribution of errors, thus the ‘3σ rule’ i.e. three 
times the standard deviation was applied to remove errors. The 3σ RMSE 

11 Height diff erences were determined by subtracting the reference DEMs from the satellite-
based DSMs, thus negative values represent areas where the reference models have higher 
elevation values.

Fig. 3. Shaded relief maps of the models showing the Zengő and the upper parts of the 
Vasas-Belvárd stream’s valley
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suggests the signifi cance of outstanding errors, but as it is shown by the new 
RMSE values the outlier correction method was not able to remove these er-
rors (Table 3). Despite an expected consequence of the applied corrections, the 
EU-DEM has not got the lowest error statistic values.

Examining the frequency of errors also showed that the GDEM has more 
cells with error. The high kurtosis of SRTM and EU-DEM proves that outliers 
and signifi cant vertical errors aff ect a small percentage of the cells. The positive 
‘skewness’ indicates that the models are overall above the ground truth DEMs.

The accuracy assessment was also implemented by segmenting the 
models based on land cover types to analyse the diff erence of errors in bare 

Table 3. The change in RMSE values

Indicator Initial 
RMSE (m)

Initial 3σ 
RMSE (m)

Outliers corr. 
RMSE

Final corr. 
RMSE

ASTER-GDEM
SRTM
EU-DEM

10.1
7.3
7.8

8.9
5.8
6.6

10.1
7.3
7.8

6.1
5.3
6.0

Fig. 4. Simple scatt er plots between the errors of the satellite-based DSMs
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surfaces and forested areas. The correlation of the errors to terrain parameters 
(elevation, slope, aspect) was also checked.

Over the forested area the range of errors is the same as the overall 
value, while in the case of the bare surface it is much smaller, suggesting that 
the outliers appear in the forested parts. This is also convinced by the small 
diff erence between the RMSE and 3σRMSE of the bare regions.

Looking at just the error statistics of the bare surface the ME of the ASTER 
GDEM is positive, showing that the GDEM have a signifi cant number of values 
above the reference DEMs, while the negative ME of the SRTM and EU-DEM 
indicates that these models slightly underestimate the elevation values. This dif-
ference can also be observed in the forested areas, as the MAE and ME of ASTER 
GDEM is higher with 2–3 metres. Although, in the latt er case it is also related to 
the acquiring method, as the SRTM represent the elevations within the vegeta-
tion and the GDEM provided ‘fi rst return’ data from the canopy top (Hofton, 
M. et al. 2006; Li, P. et al. 2012). The absolute relief on the reference DEMs’ area is 
only 542 metres, thus signifi cant correlation of the errors was neither expected 
nor found. The same was determined in case of the slope gradiens.

Former studies suggest that the slope aspect can aff ect the accuracy 
of elevation values (Frey, H. and Paul, F. 2012; Szabó, G. 2011; Szabó, G. et al. 
2013). The proportion of aspect categories was approx. equal for the forested, 
low mountainous regions. However, as the land cover types representing bare 
surface occur over the piedmont area southern slopes are dominated, and 
because of the almost meridional valleys the eastern and western directions 
are also signifi cant. Figure 5 shows a slight fl uctuation of the error values in 
diff erent directions, thus the eff ect of the aspect is considered negligible. On 
the other hand, in the forested areas the fl uctuation is more noticeable: the 
highest diff erences occur in the northern directions.

Error correction

The fi rst step was to remove the outlier errors, which could degrade the re-
sults of the further corrections. Before any complex correction algorithm the 
r.fi ll.dir command was used to remove the depressions from the models. The 
aft erwards implemented method12 was published by Neteler, M. (2005) and 
adopted to the characteristics of the models. The mean and standard devia-

12 MAP=ASTER GDEM/SRTM/EU-DEM g.region rast=$MAP – p r.neighbors $MAP 
out=$MAP.mean3 meth=average size=3 r.neighbors $MAP out=$MAP.mean5 meth=average 
size=3 r.neigbors $MAP out=$MAP.stddev3 meth=stddev size=3 r.neigbors $MAP 
out=$MAP.stddev5 meth=stddev size=3 r.mapcalc „$MAP.fi lt=if($MAP >= 280, if(abs($MAP 
– $MAP.mean3) > 1.5 * $MAP.stddev3, $MAP.mean3, $MAP), if(abs($MAP – $MAP.mean5) 
> 1.5 * $MAP.stddev5, $MAP.mean5, $MAP) (Neteler, M. 2005).
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tion values were used to determine whether a cell deviates ‘enough’ to be 
considered as outlier, and, if so, the method replaces it with the mean value. 
Major changes in the original method were the use of lower standard devia-
tion limit and diff erent neighbourhood sizes based on the elevation. In the 
case of the ASTER GDEM ~22,500 cell values were involved in the correction, 
while less than 4,000 cells were modifi ed on the other two models. However, 
removing the outliers aff ected the SRTM the most, as the ME, STDDEV, range 
of the errors and the diff erence between the normal and 3σ RMSE were also 
reduced.

Fig. 5. The connection between the values of error and slope aspect over bare surfaces and 
forested regions
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To eliminate the eff ect of the land 
cover categories mean diff erence values, de-
termined over the reference DEMs region, 
were subtracted from the DSMs. This was 
possible because the distribution of the dif-
ferent categories is almost identical for the to-
tal study area and the reference DEMs (Figure 
6), so the values were considered representa-
tive. According to the previously stated cor-
relation results the continuous forest areas, 
in regions with higher slope values, were 
subdivided based on aspect categories.

For smoothing the noises, residual errors on the models, Sun’s denois-
ing algorithm (Sun, X. et al. 2007; Stevenson, J.A. et al. 2010) was applied. The 
executable fi le runs from command line and manages the models out of GRASS 
GIS, as a ‘xyz’ dataset. Sett ing the parameters (threshold and number of itera-
tions) give a good control over the method to produce an acceptable result. The 
parameter values (7 iterations and 0.98 threshold value) were determined based 
on the recommendations of the above mentioned studies. Although it should 
be mentioned, that tuning the values more precisely could lead to even bett er 
results. The 2.5D view of the DSMs shows a much smoother image. The most 
outstanding change was experienced on the ASTER GDEM.

As the last modifi cation the models were smoothed with an average 
fi lter (by 3×3 neighbourhood matrix) in order to avoid steps at the border of 
the land cover categories.

Validation

The repeated visual assessments confi rmed the reduction of errors, noise on the 
models. The shaded relief map of ASTER GDEM shows that the stronger smoothing 
algorithm aff ected the information content of the model. The subtraction maps also 
show a signifi cant improvement (Figure 7. A, B). The ridges and valleys remained 
erroneous, as a result of the earlier mentioned characteristics of the models.

The RMSE (Table 3), MAE and ME values decreased the most in the 
case of the GDEM, while the STDDEV shows signifi cantly lower values for 
the GDEM and SRTM. A notable change, related to the correction of outliers, 
is that the range of errors on the SRTM decreased by 25 percent. The cells with 
less than 1 m error are 41 percent on the SRTM, 37 percent on the EUDEM and 
only 27 percent on the ASTER GDEM.

The accuracy of slope and aspect as terrain derivatives was checked. 
The slope values were reclassifi ed according to the agricultural suitability 

Fig. 6. Distribution of land cover 
categories. – 1 = urban and associated 
areas; 2 = areas considered as bare sur-
face; 3 = forests; 4 = permanent crops, 
shrub, semi natural and agricultural 

area, dumpsites
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(Pécsi, M. 1985). Generally, all of the DSMs derivatives look similar to the ones 
created from the reference DEMs. The slope and aspect categories overlap best 
on the ASTER GDEM and EU-DEM, although the mean slope value of SRTM is 
closer to the reference DEMs’. The diff erences are partly related to the smooth-
ing used at the production of the DSMs, and the original cell sizes.

As a validation step the stream network for at least 1 km2 watersheds 
of the study site was computed with GRASS GIS (Figure 7. C). Although the 
length – based on the cell numbers – and location of the streams is almost 
identical, the correlation between the diff erent stream networks is low. 77 
percent of stream cells from SRTM stream lines, 71 percent from EU-DEM and 
64 percent from GDEM stream line cells are within a 100 m buff er zone of the 
reference DEMs stream lines.

Geomorphometric map

The geomorphometric analysis had two purposes. First, it can be considered 
as a method to validate the corrected EU-DEM, but it also provides additional 
information for the geomorphological issues of the study area.

Fig. 7. The subtraction maps of the EU-DEM before (A) and aft er (B) the corrections and 
the derived stream network of the reference DEMs and the EU-DEM (C). – 1 = stream line 

on reference DEMs, 2 = stream line on EU-DEM



417

The geomorphometric map was generated by the TPI method, fol-
lowing the steps described by Weiss, A. (2001) and Jennes, J. (2006). This ap-
proach classifi es the cells of the DEM based on the average elevation of their 
neighbourhood. It is calculated by subtracting the averaged models of diff erent 
neighbouring cell matrices from the original. For the geomorphometric map 
two versions (averaged on 11×11 and 33×33 cells) of standardized TPI maps 
were combined, and the landforms were classifi ed based on the standard de-
viation and slope values. The latt er was set as 2.5 degrees, based on the fi nd-
ings of Pécsi, M. (1963). The map is generalized containing only 10 landform 
types, but it fi ts the resolution of the input elevation dataset.

Figure 8 shows the valley network, mountain top region and the pied-
mont-like surfaces to get a bett er view of these more important forms. The 
plain surfaces between 180–280 meters were selected as potential parts of the 
Eastern Mecsek Mountains’ piedmont region. The elevation level was also 
defi ned according to the previous results of Pécsi, M. (1963). 

The TPI-based landform classifi cation verifi ed the radial horst ranges 
surrounding the highest mountain top regions (Dobogó, Hármashegy and 
Zengő). The narrow, dense valley network of the central part of the study area 
fi ts the geological sett ings. The sharp bendings of the Völgységi Stream are 
clearly visible on the calculated landforms map, showing a strong correlation 
with the geological structures and tectonic lines.

The relict landforms of the Mecsekalja piedmont region were also 
found on the geomorphometric map. Stretching the patches of the piedmont-

Fig. 8. The valley network and ridge lines of the Eastern Mecsek Mountains (A), and the 
piedmont-like surfaces stretched on the shaded relief map of EU-DEM (B) based on the TPI 

map. – 1= valleys; 2 = mountain tops, high ridges; 3 = piedmont-like surfaces
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like surfaces on the shaded relief map it can be declared that these are in a good 
agreement with the former piedmont forms, that were fragmented into lower 
interfl uves by the consequent streams. Evolution of the piedmont region can 
be also explained using the calculated landform map: basins and submountain 
depressions (Bogád, Ellend and Pécsvárad) aff ected by Mecsekalja dislocation 
zone and transversally dissected piedmont surfaces are also detected.

Conclusions

The EU-DEM and the two other satellite-based DSMs had diff erent elevation 
error over the study area, so analysing the error statistics and distribution is 
recommended before applying. Then the horizontal misfi t of the models was 
confi rmed and corrected by comparing the location of peaks. The calculated ef-
fective resolution showed that the models horizontal spacing is over-estimated, 
resulting greater storage capacity requirements. The eff ective resolution, visual 
comparison and correlation between the elevation datasets suggest that the 
EU-DEM has more similarity to the SRTM, probably because of the smoothing 
used for the fusion method.

Lowering elevation data or uplift ing the surface according to mean er-
rors of the categories treated the height diff erences caused by the land cover. 
Based on the results, it seems to be a time-saving solution to alter a larger study 
area with values determined for smaller, but representative reference sites. The 
used denoising method also improved the models, and it is suggested even 
for just visualizing goals.

The visual and statistical validation process showed that there are 
still some errors that need to be corrected, and the parameterization of the 
denoising method could be more precise, but in all the models are suitable for 
geomorphologic studies. This was tested by creating the TPI-based geomor-
phometric map and analysing the results connected to the geomorphic issues 
of this particular area. Dissected piedmont-like surfaces and the radial horst 
ranges and the tectonic valley network were recognized.
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Abstract

In recent decades both physical modelling and computer simulation of fl uvial processes has 
undergone rapid progress. The paper summarizes the achievements of both international 
and Hungarian laboratory experiments in fl uvial geomorphology. Then, the new auto-
matically governed fl ume facility, called PTETHYS (Project for Tectonical and Hydrological 
Simulations) recently set up at the Faculty of Natural Sciences, University of Pécs, is pre-
sented. Finally, some of the new opportunities it off ers for research in fl uvial geomorphology 
are briefl y demonstrated: the identifi cation of geomorphological thresholds; modelling the 
generation of (fl ash) fl oods and its application for the reconstruction of the architectural 
elements and geomorphic evolution of fl oodplains. Some important channel parameters can 
be quantitatively investigated: channel cross-section change, amount of bedload infl uencing 
braiding, current velocity distribution etc. The novelty of the facility is the easy adjustment of 
channel slope and continuous experimenting (no need for interruption as in the case of laser-
scanned experiments). The scaling necessary for quantitative analyses is also tackled. 

Keywords: physical modelling, fl ume, channel patt erns, fl ood generation, fl oodplain re-
habilitation, scaling

Introduction

In recent decades monitoring has been launched in many instrumented 
catchments all over the world and numerous computer models have been 
elaborated for the explanation of some of the “eternal” questions of fl uvial 
geomorphology. At the same time, the weaknesses of the fi rst (a labour and 
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time-consuming activity involving high expenses) and the second approach 
(e.g. magnifi cation of errors springing from incorrect parametrisation or lim-
ited applicability to real-life situations) have also been recognized. 

Observing the scaling rules, the small-scale physical models, long es-
tablished in water engineering, seem to be capable to bridge the gap between 
the two approaches. If the results of experimentations could be quantifi ed, 
physical modelling may also be helpful for the theoretical foundation of vari-
ous water management tasks (including dam constructions, designing fl ood 
control alert and warning or river rehabilitation).

The aim of the project is to apply quantitative methods for the model-
ling of braided (and in the future meandering) channel evolution. Hopefully, 
the results can be used in designing river restoration, too. The experiment also 
helps students to combine their knowledge in laboratory studies, experimental 
geomorphology and remote sensing.

Previous fl ume experiments

Reaching back to the end of the 19th century, physical modelling has a long 
tradition in water management. It is particularly frequently applied in river 
channel studies for diverse purposes. The largest hydraulic model ever built 
in the world replicates the Mississippi River and its major tributaries (the Ten-
nessee, Arkansas and Missouri Rivers) in ca 170 hectares’ area near Clinton, 
Mississippi. Meant to aid fl ood control planning, it was built by 3,000 German 
and Italian prisoners of war for the US Army Corps of Engineers in 1944 (Fos-
ter, J.E. 1971). (It still exists now but in a neglected condition.)

In the United States smaller-scale laboratory studies on river channels 
began by the US Army Corps of Engineers in Vicksburg, Mississippi, in 1929. 
The fi rst experiments, however, only modelled the origin of a meandering 
thalweg instead of a meandering channel (a famous example being Friedkin, 
J.F. 1945). A later recognition that patt ern changes occur rather abruptly in 
rivers in the course of a punctuated evolution and are driven by channel gra-
dient and the mode of sediment transport (Leopold, L.B. and Wolman, M.G. 
1957; Schumm, S.A. and Khan, H.R. 1972; Miall, A.D. 1996). These led to 
experiments where gradient and sediment supply were changed, while wa-
ter discharge was kept constant, and parameters like channel width/depth 
ratio, mean current velocity, bedload discharge and concentration, shear and 
Froude number were recorded (Schumm, S.A. 1973). The morphodynamics, 
particularly the depositional activity of braided rivers have been intensively 
studied in experiments (e.g. Ashworth, P.J. et al. 1994). 

In fl uvial geomorphology the second half of the 20th century was a 
period of identifi cation of important thresholds. Such are the critical channel 
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gradient values which separate straight, meandering and braided channel 
patt erns – a major issue in fl uvial geomorphology of the 1970s (Schumm, S.A. 
and Khan, H.R. 1972; Schumm, S.A. 1973; Brotherton, D.I. 1979). 

The importance of bank strength was also recognised in determining 
channel patt ern (Kleinhans, M.G. 2010), rivers with stronger (oft en vegetated) 
banks being narrower and deeper, and alternate bars common in their chan-
nel. Although it is widely accepted that bank-erosion rate and fl oodplain 
sedimentation, infl uenced by more complicated factors than just channel fl ow 
and sediment transport (Friedkin, J.F. 1945; Fraselle, Q. et al. 2010), are ex-
tremely diffi  cult to scale (Ashworth, P.J. et al. 2004), it is also noted that even 
small-scale experiments adequately reproduce spatial patt erns and the natural 
system dynamics (Paola, C. et al. 2009).

The importance of sediment transport was also recognised internation-
ally (Ferguson, R.I. 1987) and in Hungary, too. In 1951 László Kádár began to 
set up a fl ume at the Kossuth Lajos University of Debrecen, Hungary, to study 
fl uvial geomorphological processes and drew att ention to the part sediment 
transport plays in the (trans)formation of channel patt erns. On the basis of the 
visual observations made in the fl ume, he published papers (Kádár, L. 1954, 
1955, 1969), where he presented a geomorphologically more consistent picture 
of meandering than it was usual at the time when the “theory of types of river 
reaches”, borrowed from Germany, prevailed (Sipos, Gy. and Kiss, T. 2008). 

In Hungarian water engineering model experiments started in 1928, 
when Sándor Rohringer installed a hydraulic laboratory of 670 m2 area at the 
Department of Water Construction, Budapest Technical University. The aim of 
the fi rst experiment was to investigate the hydraulics of the Danube channel 
at the artifi cial cut-off  of Bogyiszló (Sárköz, South Hungary) (Fejér, L. 2001). 
In 1967 the Research Institute for Water Resources Management (VITUKI) 
established a hydrological model at the village Nick (Pannonhalmi, M. 2004). 
A fl ume of 40 × 6 m size supplemented with a glass channel 15 m long and 
0.5 m wide was built to model a section of the Rába River. The experiments 
were conducted with the purpose of modelling meander shift s and the im-
pacts of river regulation and served the basis for 48 river regulation proposals. 
However, the modelling of sediment transport was not satisfactory. Aft er 2007 
the facility was not used. 

The largest physical model in Hungary served the checking of the 
rehabilitation plans for the Danube fl oodplain in the Szigetköz aft er the con-
struction of the Bős (Gabčíkovo) Barrage and diversion of the main chan-
nel in 1992. The upper Szigetköz section of the Danube (from Dunakiliti to 
Dunaremete) was modelled at 1:500 scale, while the lower (from Dunaremete 
to Medve) at 1:700 scale in the Ecopark of Dunasziget. The impacts of river 
regulation are also reconstructed through the use of physical models (see e.g. 
Kornis-Akantisz, Zs. 1977).
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Flume parameters

The new fl ume of the University of Pécs is intended both for educational and 
research purposes (Photo 1). It was designed by experts of the Department of 
Physical and Environmental Geography, Institute of Geography, and the De-
partment of Mechanical Engineering, Pollack Mihály Faculty of Engineering 
and Informatics, University of Pécs, in 2012. The technical documentation, 
manufacturing and installation was the responsibility of the CsavarKON-
TROLL 2004 Ltd.

The versatility of the fl ume is demonstrated by its technical param-
eters, which are the following:

size: 4.2 × 2.5 m;
maximum fi ll weight: 2,500 kg (wet sediment in 150 mm depth);
maximum tilting: around longitudinal axis: ±7.5, around transversal 

axis: +10;
adjustable parts: 6 sections can be moved vertically ±120 mm at 10–200 

mm per day speed;
lateral deformation: possible through the displacement of 4 push-

blades to the extent of 100 mm; 
closed equipment, water and sediment can only leave it through the sink.

–
–
–

–

–

–

Photo 1. View of the PTETHYS fl ume before installation
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All motions in the fl ume are executed by computer-governed electro-
engines. The speed of movements allows the modelling of both very slow and 
rather rapid changes. The rate of motions is checked by Leica Disto D3a BT 
laser meters (automatic feedback through Bluetooth). 

Discharge is regulated through a 1-m-high water column, adjusted au-
tomatically to the position of the table. Water is recycled by a pump system. 

The processes are detected through two devices. On the one hand, de-
tailed picture information is collected and all physical parameters of the proc-
esses taking place in the fl ume are recorded by the use of eight Canon EOS 1100D 
cameras (Photo 2). The cameras are fi xed on a system of cantilevers at 30 cm dis-
tance from each other and at 1.2 m height above bed. At 18 mm focal length the 
overlap between photographs is ca 80%, which allows 3D imaging. The cameras 
are connected to the PC and governed by a soft ware of author’s design.

In addition to the photographic cameras, a VarioScan 3021 ST type 
thermal camera is also used to establish the actual position of fl owing water, 
the confi guration of active channels, current velocity and the horizontal dis-
tribution of sediment fi ll saturation. The observation province of the thermal 
camera is between 8 and 12 μm and its thermal resolution is ±0.03 K.

Since the moisture content of the modelling medium (sediment) of the 
fl ume is of utmost importance from the point of view of fl uvial processes, the 
moisture content is recorded at several depths by sensors of Decagon 10HS 
TDR system and the data are stored by Decagon EM50 data loggers.

Photo 2. The cameras installed to record geomorphic processes
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The material used for the sediment fi ll is also carefully designed and 
manufactured particularly for this purpose. The colours of grains indicate 
grain size and density: coarse grains (1.0 and 0.8 mm diameter) are ground 
basalt and andesite of grey and black colour, while the 0.6 mm diameter grains 
are of red marble and those of 0.2 mm diameter are of beige limestone.

The functions of governing fl ume position on the one hand and imag-
ing and data logging on the other are shared between diff erent computers. For 
imaging an Asus P9X79 PRO computer with Intel Core i7–3820 processor and 
nVidia GTX 660 Ti video card is applied. The operating system and processing 
is based on two Samsung 250 GB SATA3 2.5″ Basic (MZ–7TD250BW) SSDs, 
while data are stored by Seagate Barracuda 3 TB 64 MB 7,200 rpm SATA3 3.5″ 
(ST3000DM001) HDDs.

Image processing of stereo pairs and the representation of topography 
is performed by Agisoft  StereoScan program. For the interpretation of the DEM 
and detection of processes ArcGIS 10.2.1 soft ware is available.

Possible applications

The objective of the fi rst experiment with the new fl ume was to fi nd out how 
reliably the development of channel patt erns can be modelled. The fl ume was 
fi lled with material of 8 cm depth and tilted at 5 degrees (~0.087). Imaging 
interval (both photographic and thermal) was set to 30 seconds. 

Preliminary wett ing was applied to reach 40 percent of the saturation 
moisture content all over the experiment area. In order to trigger and accel-
erate the process of channel incision a longitudinal groove of ca 2 cm depth 
was “burned” into the sediment surface. Previous observations showed that 
in lack of such an intervention, no collection of runoff  into a channel would 
take place within an acceptable time span.

To identify active channel fl ow and current velocities, boiling water 
was conducted in pulses into the fl ume and its motion was detected by the 
thermal camera. The resulting channel cross-sections and sediment transport 
were studied in 3D images.

Braided channel evolution

Since Schumm, S.A. and Khan, H.R. (1972) found that channels above 0.016 
gradient form a braided patt ern, it was expected that such patt ern will be the 
outcome from the fi rst experiment (Figure 1). 

In the non-cohesive material increasing discharge led to gradu-
ally broadening channels, providing space for more and more bifurcations 
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and the building of bars of various types. Thus, all the main morphological 
requirements for braiding were fulfi lled. Since the banks are easily erodible, 
channel width remarkably fl uctuates, but the width/depth ratio remains high 
throughout. During the experiment the following partial processes could be 
visually identifi ed:

channel widening through bank erosion;
lateral bar accumulation;
transverse bar accumulation and the resultant diversion of the thalweg;
occasional reduction in the plan curvature of the thalweg, resulting 

in channel widening;
emergence of bifurcations and mid-channel bars at regular distance 

from each other in broader channel sections;
alternating cut and fi ll along the thalweg, which leads to a continuous 

displacement of braids, a dynamic rearrangement of patt ern.
The observed channel evolution corresponds to the observations by 

Bertoldi, W. et al. (2001). The braided sections were locally replaced by anasto-
mosing reaches, where the following partial processes were clearly visible:

with widening channel and lowering water level, some bars rise above 
the general surface as more stable “islands”;

the distributary channels bordering islands are very shallow just down-
stream the bifurcation and only convey water at high water stages (“fl oods”);

–
–
–
–

–

–

–

–

Fig. 1. The braided channel patt ern generated in the fi rst experiment
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bifurcations are gradually 
replaced by avulsions (more perma-
nent displacements of channel) where 
sediment accumulation is rapid, the 
distributary channels will acquire a 
slightly convex longitudinal profi le;

avulsions are concentrated 
where bank erosion is not particu-
larly efficient since the banks are 
relatively stable but breach abruptly 
when reaching a threshold.

Comparing these observations 
with some descriptions of fi eld studies 
(e.g. Miller, J.R. 1991), remarkable re-
semblances are seen. The development of 
avulsions is of great practical signifi cance 
as far as fl ood hazard is concerned. 

Due to the tilting function of the 
fl ume, the adjustable channel gradient al-
lows the experimental establishment of 
further thresholds, e.g. between meander-
ing and braided river behaviour (Parker, 
G. 1976; Püspöki, Z. et al. 2005). Its sig-
nifi cance is underlined by recent papers, 
where the challenge of physical modelling 
of meandering river behaviour is pointed 
out (van Dĳ k, W.M. et al. 2012). 

Delta formation

Another experiment proves that the 
equipment is suitable for the mod-
elling of delta formation (Photo 3). 
Flume observations show that delta 
accumulation is composed of the fol-
lowing partial processes: 

the surface of the fan is con-
tinuously raised by accumulations by 
the main channel, which is continu-
ously wandering and deposits large 
amounts of sediment;

–

–

–
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the main channel is aff ected by repeated avulsions and shift s to the 
lowest-lying zone of the delta fan;

if water discharge increases, vertical accretion also raises the level of 
inter-channel surfaces.

Similar channelisation, avulsion and backward sedimentation proc-
esses on deltas of homogeneous material were found during experiments in 
the Netherlands (Van de Lageweg, W. 2013). 

Flood modelling

In addition to in-channel geomorphic processes, overbank erosion and depo-
sition can also be included among the objectives of physical modelling. This 
presupposes of creating an exact replica of the fl oodplain surface. The previ-
ously applied GIS-based modelling of fl ood hazard (e.g. Czigány, Sz. et al. 
2011) can be supplemented by fl ume experiments locating the potential sites 
of dyke breaches and avulsions as well as the predictable extent of fl oodplain 
inundation. If the boundary conditions leading to river fl ooding are exactly 
defi ned during the experiment, fi rst of all, local fl ood hazard (Lóczy, D. et al. 
2009) can be precisely determined. The morphometric indices derived from 
the experiments are useful for estimating local fl ood hazard along channelized 
rivers and designing the necessary fl ood-control measures.

Floodplain rehabilitation planning

Through modelling channel migration and the related deposition processes, 
fl ume experiments are a potentially useful tool for reconstructing historical 
fl oodplain evolution under natural and human-induced conditions. Their 
advantages over fi eld data are the opportunity to set both initial and bound-
ary conditions and the much faster operation of processes. With appropriate 
monitoring technology, morphological changes and the resultant architectural 
elements can be recorded without intervention into the processes. 

Channel evolution observations may be the starting point for the re-
construction of long-term fl oodplain evolution (Pizzuto, J.E. 1987; Bathurst, 
J.C. et al. 2002; Sellin, R.H.J. et al. 2003; Van Dĳ k, W.M. et al. 2013). In the fl ume 
the rate of sediment exchange between the main channel and distributaries 
can be measured and deposition patt erns on the fl oodplain demonstrated. 
From data on natural fl oodplain evolution and human-infl uenced processes 
in the fl oodplain, the measures necessary to create conditions under which 
the ecosystem functions of fl oodplains are optimally fulfi lled (i.e. fl oodplain 
rehabilitation) can be derived.

–

–
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Similarity scaling

Until very recently physical models had been treated as analogue systems in com-
parison to real-world fl uvial systems. Thus, the results of the experiments only al-
lowed qualitative analyses of processes and the resultant landforms. Modern tech-
nology developed for the documentation of experimentation outcomes (e.g. DEM 
representation of high spatial resolution and digital photography of high temporal 
resolution) makes measurements and quantitative assessment possible.

A major problem in the quantitative interpretation of the processes re-
corded in fl ume experiments is seen in the spatial and temporal scaling. For scaling 
a set of rules have been established but not yet convincingly checked (Kleinhans, 
M.G. et al. 2010). The complexity of scaling to achieve similarity is addressed by 
numerous authors (see Paola, C. et al. 2009). Hydraulic scaling involves similar-
ity in fl ow criticality (Froude number), current velocity, turbulence (Reynolds 
number), surface tension eff ects and bed roughness, while sediment-transport 
similarity refers to sediment mobility (Shields number), shear stress, particle size 
(Reynolds particle number) and suspended sediment (which is again the function 
of turbulence). We can also mention morphological similarity, i.e. the cumulative 
eff ect of width-to-depth ratio, channel bar dimensions and wavelength, transverse 
bed slope and other morphological parameters. Most of the above scaling factors 
have a temporal aspect, too, which also has to be considered. 

A task of future research is to further develop the scaling rules in order 
to produce realistic and meaningful morphodynamics and stratigraphy (Van 
de Lageweg, W. 2013).
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The rehabilitation of former Soviet military sites in Hungary
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Abstract

This paper focuses on the current status and future possibilities of the regeneration of 
former Soviet military sites in Hungary. As part of our research a nationwide survey was 
conducted in order to determine the location, size and present function of such military 
sites. In addition, empirical research was carried out in six selected medium size cities 
(county seats). Aft er the introduction of our methodology, the paper briefl y presents the 
state-of-the-art of research on brownfi eld sites in Hungary, subsequently, the results of our 
survey are introduced. On the basis of the analysis, we discuss the following aspects: factors 
of successful rehabilitation and factors that – against the expectations – did not contribute 
to the quick and successful renewal of these urban sites. 

Keywords: brownfi eld regeneration, rehabilitation of military sites, Soviet military sites, 
functional conversion, Hungary 

Introduction

Similarly to other post-socialist countries, aft er the change of regime, industrial 
and military sites have become excessively underused in Hungary (Wood-
ward, R. 2004; Spyra, W. and Katzsch, M. 2007). This was caused by vari-
ous reasons e.g. by the fall in industrial production, the restructuring of the 
military system and the withdrawal of the Soviet troops. These areas have 
oft en become brownfi elds, and only a few of them have been converted to 
permanent use until most recently. Even though the Hungarian Academy of 
Sciences has already conducted general brownfi eld researches in Hungary, 
litt le information has been made available so far regarding the civil use, the 
new functions and the rehabilitation of Soviet military sites.

In the last twenty years, the transformation of military sites in Hungary 
remained limited, not least because the rehabilitation of these sites did not 

1 State Audit Offi  ce of Hungary, H-1052 Budapest, Apáczai Csere J. u. 10. 
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have high priority in urban regeneration policies. This can be partly explained 
by the fact that EU and Hungarian policy documents for regional and urban 
development apply a relatively narrow interpretation of brownfi eld territories. 
The category of brownfi eld includes mainly urban areas previously utilised 
for industrial and mining purposes, whereas former military sites and areas 
abandoned by traffi  c are generally not included. The EU has supported the 
utilisation of former industrial (mining) and military brownfi elds by various 
initiatives and programs (Ferber, U. et al. 2006; Grimski, D. and Ferber, U. 
2001; Kádár, K. 2009; Kälberer, A. 2005). However, Hungary could not es-
sentially receive funds from the sources for the conversion of military areas. 

In this study the conversion of Soviet military sites in Hungary and its ob-
stacles are discussed. First we briefl y introduce our research methodology and the 
problems related to brownfi elds. Then the history of the occupation of Hungary by 
Soviet troops and their withdrawal is summarised. In the analytical part the typical 
types of the former Soviet military sites and the results of our empirical research 
conducted in six Hungarian county seats are presented. On the basis of empiri-
cal research we want to highlight the new functions that the former military sites 
gained aft er the withdrawal of Soviet troops and their underpinning factors. 

Research methodology

Information on military sites is diffi  cult to acquire even today as there was 
no systematic data collection in the fi eld and authorities possessing such in-
formation are diffi  cult to approach. Therefore, a signifi cant number of former 
Soviet military sites have been omitt ed from Hungarian documents aiming 
at mapping brownfi elds and analysing their utilisation. Similarly, documents 
of urban development (e.g. ICDS – Integrated City Development Strategy, 
economic development programs, e.g. Euró-Régió 2008. – HHP Contact, 2008) 
list only some of the former Soviet and Hungarian military sites. 

The information about the exact location and size of former Soviet sites 
in scientifi c publications or internet websites is also quite poor. Either incomplete 
information or only data on special segments of the problem are available (e.g. 
Nagy, Á. 2003; IUCN 1996). Therefore, during our research fi rst we had to perform 
own data collection through fi eldwork, interviews and analysis of secondary data 
derived from archives and scientifi c literature (Altman, J. et al. 1998; Barta, Gy. 
2007; Csapody, T. 2000; Csendes, L. 1998a,b; Győri, R. 2006; Nagy, Á. 2003; Ránki, 
Gy. 1976; Sági, J. 2006). Aft er the careful analysis of available publications we carried 
out empirical research in the county seats using diff erent types of questionnaires. In 
addition we made interviews at the local government offi  ces with the senior architect 
or his/her fellow-workers. Through questionnaire survey we could collect informa-
tion about the rehabilitation of military barracks in the Hungarian county seats. 
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Due to the lack of necessary information some sites were assessed 
through on-site surveys. Based on the acquired data a map was prepared il-
lustrating the locations of the Soviet garrisons all over the country. We also as-
sessed the changes in the use and functions of the former Soviet sites, which is 
the fi rst comprehensive analysis of all former Soviet military sites in Hungary. 
As a part of our research, another type of questionnaire was sent out to all 
concerned local municipalities. The questionnaire survey revealed that infor-
mation is available only for about 55 percent of all the sites. It is not surpris-
ing that diff erent institutions and organisations lack relevant information in 
Hungary since the location, the capacity and the functions of Soviet (and also 
Hungarian) military sites were top secret before the change of regime. 

Challenges of brownfi eld areas in Hungary

Due to deindustrialisation a signifi cant amount of brownfi eld lands have been 
produced in Europe since the 1960s and 1970s. Aft er the collapse of commu-
nism deindustrialisation also speeded up considerably in post-socialist cities 
as part of economic restructuring (Photo 1). Problems of brownfi eld areas have 

Photo 1. Brownfi eld area in the Hajógyár Island, Budapest. Source: internet
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been aggravated by former military and transport properties becoming empty 
both in Western and Eastern Europe (Oliver, L. et al. 2005; Lux, G. 2009; Barta, 
Gy. 2002; Erdősi, F. 2009; Kádár, K. 2011a). 

The Centre for Regional Studies of the Hungarian Academy of Sciences 
defi ned in a seminal volume that brownfi elds are ex-industrial areas that are not 
used effi  ciently (underutilised) and are occasionally vacant (Barta, Gy. 2004). 
Also the under-utilised or abandoned railway areas and the vacated military 
sites fall under this defi nition. Brownfi eld areas have negative eff ects on their 
environment, the surrounding communities, and their utilisation is also dif-
fi cult. Their successful rehabilitation may contribute to increasing urban com-
petitiveness, the improvement of the quality of urban life and it can decrease 
the crowding of cities (Barta, Gy. 2003; Janin, C. and Andres, L. 2008).

The EU does not have exact data on the size of brownfi eld areas inside 
the European Union, basically due to the lack of consistent terminology. The 
Eurostat has not either published any information concerning the topic (until 
the end of 2010), although several programmes have been initiated in the last 
decades to handle the problem. Even though we do not have exact data, the 
survey of Ferber, U. et al. (2006) has revealed that approximately 1 million 
hectares of brownfi eld lands are to be found in 11 EU countries.

Since the change of regime new enterprises in Hungary have primarily 
preferred greenfi eld investments, meaning that the investments were most-
ly realised on vacant areas withdrawn from agricultural production (Győri, 
R. 2006). This is due to the fact that greenfi eld investments have been more 
cost-eff ective in Hungary than brownfi eld investments, since in the latt er case 
some surveying, environmental release, demolition, cleaning and renovation or 
preservation of the existing buildings (e.g. having industrial historical signifi -
cance) are necessary. 

Successful brownfi eld regenerations of the last twenty years have been 
concentrated mainly in inner city areas in Hungary (Barta, Gy. 2002). The 
demand for land has been lower in the countryside, in former industrial or 
suburban areas. The analysis of greenfi eld and brownfi eld investments in re-
gional centres shows that the possibilities of brownfi eld area development 
were not at all exploited by cities mainly due to the nearly unlimited amount 
of greenfi eld lands (Győri, R. 2006). However, in order to promote sustainable 
development, reutilisation of brownfi elds must be coupled with incentives, 
land-use policies and regulations that encourage investors to choose brownfi eld 
areas over greenfi eld locations. The goal is to maintain compact city land-use 
by enhancing the recycling of run-down and unused areas within cities and 
retaining green spaces that prevent sett lements from urban sprawl. The un-
regulated development of greenfi eld sites decrease the share of green areas 
and other recreational functions and may decrease the ratio of areas that can 
be utilised in the future. 
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Former Soviet military sites in Hungary

The aim of this study is to present the state of the art of rehabilitation of the 
former Soviet military areas in Hungary, as special segments of brownfi eld 
areas. The main diff erence between military brownfi eld areas and others is 
that their functional change does not stem from economic reasons or structural 
changes, but from political reasons. Aft er the Cold War large scale military 
areas became evacuated and abandoned both in the countries of the NATO 
and the Warsaw Pact, as a consequence of the change in the global geopoliti-
cal system, and the subsequent the withdrawal of the American and Soviet 
troops. The evacuation was not only the consequence of consolidation and 
arms reductions: in some countries also the accession to the NATO resulted 
in the closure of several military and strategic facilities used previously by 
the national armies (Altman, J. et al. 1998). Some of them were passed into 
the ownership of local municipalities; others became the propriety of public 
institutions or churches, and the remaining part, whose renovation was the 
fastest, got into private ownership. 

The rehabilitation of unused military areas caused a problem not only 
in countries of the former communist bloc, struggling with the lack of fi -
nances, but also in the wealthier Western European states. That is why more 
initiatives were launched in the EU in the last decade focusing especially on 
the rehabilitation and functional change of brownfi eld territories including 
military areas. 

In the literature and internet sources we mainly fi nd information about 
the conversion of former military sites of NATO member states. Information 
regarding the transformation of Soviet military sites in former state-socialist 
countries is scarce. Rare exceptions are the Soviet military sites in the former 
GDR, and especially in Brandenburg region, which was severely aff ected by 
the occupation of the Soviet army. Aft er the withdrawal of Russian troops 
Brandenburg had to deal with the rehabilitation of several hundreds of pol-
luted and abandoned sites (Kádár, K. 2009; Ganser, R. and Williams, K. 2007; 
Vogt, R. 2006; Millar, K. 2003; Kälberer, A. 2005).

The geographical distribution of Soviet troops in Hungary before 1991

Soviet troops invaded Hungary during World War II in autumn 1944 
(Photo 2) and they left  the country aft er 47 years in June 1991. Very litt le infor-
mation is available about the military and political reasons for placing Soviet 
military sites into certain cities in Hungary. Data are mostly available about 
the Hungarian army and its restructuring, and these are to be found in the 
Institute and Archives of Military History.
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In the fi rst phase of withdrawal the Soviet Army withdrew 22 troops from 
Hungary: an armoured troop, a descent storming batt alion, a chemical protec-
tion batt alion, a military offi  cer training school and other units (Homor, Gy. 2009; 
Horváth, M. 2003; Kádár, K. 2011b). The number of soldiers stationed in Hungary 
was decreased by 10,000 soldiers and 4,000 civilians also left  the country. 

Aft er this fi rst step 11 garrisons and several accommodation buildings 
got into Hungarian ownership. According to the information by colonel-general 
Burlakov, the accommodation buildings measured 950 hectares overall. Besides 
this, there were 850–900 fl ats, 19 military quarters, 13 canteens, 200 vegetable 
stores, depositories and other areas. 400 sites out of these had been built by the 
Southern Group of the Red Army (Veszprém Megyei Napló, 1989).

On Figure 1 we indicated the sett lements where Soviet military sites 
were operating between 1945 and 1990 according to the available documents. 
Every sett lement is indicated by a point independently from the number of 
sites and the size of the garrison. The number of garrisons whose activity had 
been ceased before 1990 is 30. Altogether there are at least 108 known sett le-
ments in the country where Soviet soldiers have stationed up to the change of 
regime (Homor Gy. 2009; Institute and Archives of Military History 2006)2.

2 If we take into account neighbouring sett lements where the boundaries of Soviet garrisons 
expanded, 13 more sett lements can be added to the list. 

Photo 2. Soviet troops crossing the Tisza river in 1944. Source: internet
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The map clearly shows that the presence of Soviet military forces af-
fected most intensively Central Transdanubia and Central Hungary (Budapest 
and Pest county) and it was least dominant in Southeast Hungary. The border 
zones with former Czechoslovakia and the Soviet Union (Ukraine) in Northern 
Hungary, with Romania in Eastern Hungary, and with Yugoslavia in the South 
were also sparsely sett led by the Soviet Army. However, higher concentra-
tion of Soviet military sites could be recorded around Debrecen. In Southeast 
Hungary the Soviets troops stationed only in four cities, in Kecskemét, Szolnok, 
Békéscsaba and Szeged. Other large areas like the Jászság or the region around 
the Lake Tisza remained vacant. 

The occurrence of Soviet garrisons and sites is surprisingly dense in 
other areas of Hungary, for example in the area of Balaton Highlands and 
Székesfehérvár and its surroundings, around the middle part of the Danube (e.g. 
Dunaföldvár, Paks and Kalocsa), the Western part of Pest county and the environs 
of Gerecse and Vértes mountains (e.g. Komárom, Tata, Tatabánya, Oroszlány etc.) 
The Soviet forces appeared in several sett lements along the Danube, whereas 
their presence concerned far fewer sett lements in the Eastern part of the country, 
i.e. the region between the Danube-Tisza Interfl uves than in Transdanubia.

The surveying and the estimation of environmental damages left  be-
hind by the Soviet troops had started before the complete withdrawal of all 
Soviet troops (Nagy, Á. 2005). Experts considered soil and water pollution by 
carbon-hydrogen the most severe. Furthermore, the amount of communal, 
operational and constructional waste stored up in accommodation build-
ings could be regarded signifi cant. More surveys and environmental tests of 
former Soviet properties have been conducted since 1990 (IUCN 1996, VITUKI 
2005). For the sake of damage elimination and the installation of the planned 
monitoring systems, a list of liabilities for environmental remediation was 
made regarding the properties belonging to State Privatization and Holding 
Company (ÁPV Rt.). 

Based on government decrees, the environmental status surveys of 
former Soviet sites were conducted by the state. Within the scope of a midterm 
programme for eliminating the caused environmental damages, the most 
signifi cant damages had to be prevented. As a result of the ÁPV Rt. launched 
“Former Soviet Real Estate Programme” as part of the National Environmental 
Remediation Programme, there were examinations on 9 sites and there was 
technical intervention on 25 sites, while 3 sites were subject to monitoring 
(Almássy, E. 2002). Summarising the damage caused by the Soviets, the en-
vironmental and natural damage amounted to HUF 66 billion. 171 garrisons 
with 6,000 buildings, occupying 46,000 hectares of land in 340 sett lements were 
claimed to be contaminated (Photo 3).

Diff erent sources provide diff erent statistics about the evacuated 
Soviet sites. According to Csapody (2000) the Soviet Army was stationing with 
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around 55,000 soldiers and approximately 10,000 civilians on 288 sites, in 104 
sett lements of Hungary. Based on the research of the National Environmental 
Remediation Programme made by VITUKI Kht. (Nagy, Á. 2005) 171 former 
Soviet sites were found in the country. Homor (2009) mentions in his book that 
100,380 Soviet citizens left  the country, including 44,668 soldiers, leaving 94 
garrisons vacant. In these garrisons 328 properties were used by the Soviets. 

Based on our research it can be stated that the Soviet army used at least 
342 sites during their stay between 1945 and 1990, in at least 108 sett lements. 
13 more sett lements can be added to the list, which are smaller sett lements neigh-
bouring the core sett lements of the garrisons, like Somogydöröcske near Igal, or 
Fertőendréd near Fertőd etc. Thus, the number of sett lements where Soviet Army 
stationed may reach 121, which exceeds the data published so far.

The reutilisation of former Soviet properties

In 1990 new directives for utilisation of Soviet properties becoming vacant were 
worked out in Hungary, which was sent out to the presidents of the councils 

Photo 3. Former Soviet military fl ats in Szolnok (Photo: Kádár, K.)
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in each concerned sett lement. Later in this year the committ ee supervising the 
withdrawal of Soviet troops and the committ ee coordinating the distribution of 
sites were contracted, and the new committ ee started the utilisation project ac-
cording to the recommendations of the councils. Decision was made that those 
properties which were no subject of demand could be reutilised by the state. 
In these cases the Ministry of Interior negotiated with the Ministry of Welfare 
and the Ministry of Environmental Protection about the way of utilisation. In 
March 1991 the government announced that the reutilisation of the former 
Soviet properties would start in 14 sett lements and the properties would be 
transferred to local the municipalities free of charge (Homor, Gy. 2009). 

Utilisation was regulated by a government decree in 1992, which 
stated that utilisation became the responsibility of the Hungarian Property 
Management Organisation. The form of utilisation included the sale, the hand-
ing over free of charge, the leasing, the hypothecation and the passing over of 
the real estate to a company on the basis of the regulation. In the case of selling 
or leasing, the local municipality had the right of pre-emption or pre-leas-
ing, however, the law stipulated that in the case of properties utilised by the 
Hungarian Property Management Organisation, the new owner was liable for 
environmental remediation, reutilisation and mapping. The properties could 
be utilised through an application or as a handing over free of charge. Plans for 
utilisation usually concerned the building of fl ats. This could be easily realised 
in the case of properties occupied by the Soviets but built by the Hungarians, 
however, properties built by the Soviets could be sold only following the sign-
ing of an intergovernmental agreement. Approximately 5 percent of Soviet 
sites got into the ownership and use of the Hungarian Army, and another part 
of them got into private ownership shortly aft er the evacuation – these were, 
on the one hand, buildings in adequate conditions that could be easily sold 
and cost-effi  ciently occupied, and on the other hand, areas that could be easily 
utilised for economic purposes. Based on their original functions the Soviet 
military sites could be divided into three groups (Table 1).

First the concerned sett lements were contacted with a questionnaire in 
autumn 2011 in order to fi nd out reuse of former Soviet site(s). Local munici-
palities could potentially give three answers concerning utilisation:

1. utilisation has already been fi nished, 
2. it has partly been implemented, 
3. it has not started yet. 
The survey provided the following results: 61 local municipalities re-

turned the sheet out of the 108 (56%). Based on the answers we could obtain 
information about 188 sites out of the 342. The answers partly showed that 
some of the municipalities did not even know about the fact that once a Soviet 
site was located on their territory. The reuse was already fi nished in 32 percent 
of the 188 sites; it was partly fi nished in 26 percent and was not started in 18 
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percent of them. Local 
authorities had no infor-
mation about 24 percent 
of the sites. The latt er in-
cluded mostly training 
areas, bomber shooting 
fi elds, airfi elds and se-
cret sites (e.g. bomb de-
positories). 

Summar i s ing 
the results, only about 
half of the municipali-
ties taking part in the 
survey was able to han-
dle properly the issue 
of reusing the former 
Soviet sites, in one way 
or another e.g. using 
them for public purpos-
es, or selling them/hand-
ing them over to compa-
nies that could develop 
new functions for the 
sites. Large part of the 
former Soviet military 
sites did not go through 
any reutilisation, and 
the local municipality 
did not have among its 
priorities the functional 
change of these areas 
(Photo 4). However, it 
should also be noted 
that the latt er category 
included mostly smaller 
sett lements (villages or 
smaller towns) with ex-
cessive greenfi eld areas 
for new developments 
and limited financial 
resources for urban re-
generation.

Ta
bl

e 1
. T

yp
es

 o
f f

or
m

er
 S

ov
iet

 m
ili

ta
ry

 si
te

s a
cc

or
di

ng
 to

 th
eir

 p
re

vi
ou

s f
un

ct
io

ns

Fe
at

ur
es

Ty
pe

s
1.

 R
es
id

en
tia

l b
ui

ld
in

gs
, 

offi
  c

es
, s

er
vi

ce
 fa

ci
lit
ie
s

2.
 T
ra
in
in

g,
 te

ch
ni

ca
l a

nd
 

st
or
ag

e 
ed

ifi 
ce
s

3.
 S

ho
ot
in

g 
fi e

ld
s,

 e
xe
rc
is

e 
ar

ea
s,

 
ai
rfi

 e
ld
s

Pu
bl
ic

 u
til
iti

es
Ye
s

D
ep

en
di

ng
 o

n 
fo
rm

er
 

fu
nc
tio

ns
N

on
e

C
he

m
ic
al

 c
on

ta
m
in
at
io

n 
or

 c
on

-
st
ru

ct
io

n 
de

br
is

N
o

Ye
s, 

bu
t t

o 
a 

lim
ite

d 
ex
te

nt
. 

C
on

ta
m
in
at
io

n 
is

 k
no

w
n.

M
ai

nl
y 

ye
s 
an

d 
th

er
e 

ca
n 

be
 u

nd
is

-
co

ve
re

d 
co

nt
am

in
at
io

n.
G

ua
rd
in

g
Ye
s

Ye
s

N
on

e
C

om
m

un
al

 w
as
te

In
 tr
ac

es
In

 tr
ac

es
Ill

eg
al

 d
is

po
sa

l –
 in

 la
rg

e 
qu

an
tit

y
Lo

ca
tio

n
Ce

nt
ra

l o
r w

ith
in

 ci
ty

 li
m
its

W
ith

in
 c
ity

 li
m
its

Pe
ri

ph
er
al

In
fr
as
tr

uc
tu
ra

l f
ac
ili
tie

s*
G

oo
d

G
oo

d,
 s

uffi
  c
ie

nt
M

od
er
at

e
Ex

te
nt

 o
f d

is
or

de
r a

nd
 d

er
el
ic
tio

n
A

ve
ra

ge
A

ve
ra

ge
G
re
at

O
pp

or
tu

ni
tie

s 
fo
r i

nv
es
tm

en
t a

nd
 

ut
ili
sa
tio

n
A

ve
ra

ge
Li

m
ite

d
In
si

gn
ifi 

ca
nt

C
os
ts

 o
f i

nv
es
tm

en
t*

*
A

ve
ra

ge
A

ve
ra

ge
Lo

w
**

* o
r h

ig
h*

**
*

*P
av

em
en
ts

, r
oa

ds
, p

ub
lic

 li
gh

te
ni

ng
. *

*I
n 
th

e 
ca
se

 o
f r

en
ov

at
io

n 
an

d 
re

co
ns
tr

uc
tio

n 
co

m
pa

re
d 
to

 o
th

er
 p
ro

pe
rt
ie
s 

on
 (n

on
-b
ro

w
n-

fi e
ld

) a
re
as

. *
**

N
o 

co
st
s 

of
 d

em
ol
iti

on
 a

nd
 r

en
ov

at
io

n,
 th

e 
ar

ea
 c
an

 b
e 

ob
ta
in

ed
 a
t p

us
he

d 
do

w
n 

pr
ic

e.
 *

**
*I

n 
so

m
e 

ca
se
s 
th

e 
co
st
s 

ar
e 
in

cr
ea
se

d 
by

 p
ub

lic
 u
til
iti

es
, i

ns
ta

lla
tio

n 
of

 in
fr
as
tr

uc
tu
re

 a
nd

 c
le
an

si
ng

. S
ou

rc
e: 

C
om

pi
le

d 
by

 th
e 
au

th
or

.



448

The estimated overall territory of the former Soviet military sites

On the basis of available information regarding the size of the former Soviet 
properties, we made estimations on their overall territory. Our results show that 
the overall territory of the 342 sites was approximately 27,000 hectares (some of 
these sites were divided into more parts with diff erent functions) (Table 2).

Based on the data collected from local municipalities, 32 percent of all sites 
had been reused until 2011. Multiplying this data with the mean size (45.5 hectares) 
of the Soviet military sites calculated on the basis of the surveyed 122 sites, we can 
conclude that a total area of 5,551 hectares has been rehabilitated in the past 22 
years. We identifi ed 96 properties in Budapest and the county seats, which mean 
30 percent of all sites. Most of them are located in Budapest (25), whereas Eger, 
Tatabánya, Kaposvár, Békéscsaba and Salgótarján had no Soviet military proper-
ties, while in Pécs, Miskolc and Szekszárd the former Soviet sites were transferred 
to Hungarian use at the time of the withdrawal of Soviet troops 

According to available data and our estimations, around 30 percent 
(95–100) of the former Soviet military sites are located in the county seats in 

Photo 4. The ruins of a former Soviet kindergarten in Székesfehérvár (Photo: Kádár, K.)
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Hungary. Half of 
these sites (47) are 
located in the county 
seats that were se-
lected for further in-
vestigation (Szeged, 
Székesfehérvár, Deb-
recen, Szolnok, Győr 
and Kecskemét). The 
reasons for selecting 
these county seats 
are related to the 
dynamics of their 
development, the 
presence of com-
plex urban develop-
ment programmes, 
competences  and 
– ideally – fi nancial 
resources for urban 
regeneration pro-
grammes (Kádár, K. 
and Kozma, G. 2011). 
All types of Soviet 
military sites sum-
marised in Table 1 oc-
cur on their territory 
and a great number 
of new functions (in-
stitutional, cultural, 
commercial, resi-
dential, etc.) has ap-
peared as an outcome 
of regeneration. This 
provided an excel-
lent basis for a com-
parative analysis of 
several factors con-
tributing to rehabili-
tation e.g. economic, 
social, architectural, 
and functional. 
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Factors determining the success of rehabilitation

Urban brownfi eld policy and its infl uence on regeneration

The question comes to the fore if the regeneration of Soviet military sites in the 
selected cities was infl uenced by the cities’ brownfi eld policies aft er 1990. Three 
out of the six investigated cities (Szolnok, Szeged and Debrecen) have a strategy 
for decreasing the weight of greenfi eld investments and increasing the role of 
brownfi eld regeneration. However, the commitment to regeneration did not start 
immediately aft er the withdrawal of Soviet troops, but many years later, usu-
ally in the period of the elaboration of integrated urban development strategies. 
Therefore, it is utt erly diffi  cult to defi ne how strong the infl uence of brownfi eld 
strategies on urban development policy was in the earlier period. Every city 
– independently from its brownfi eld policy – sold the major part of former Soviet 
military areas on favourable prices or supported the functional changes by other 
tools which fi nally led to the renewal of these areas. However, in the majority of 
cases re-investment was not resulted by the intervention of the local government, 
but by the favourable location of the area or the existing infrastructure. 

Chances of residential and non-residential utilisation

In this section we focus on the residential and other, non-business utilisation 
of Soviet military sites. 18 percent of the Soviet military sites located in the six 
investigates cities have been reused for residential purposes. The question can 
be raised if these areas were transformed into residential function because of 
the growing population fi gures and new demand for accommodation, or due 
to other aspects related to economic and social reasons. The average population 
number of the six analysed cities was 131,887 in 1990, and 133,221 in 2011. Thus, 
the number of population did not change signifi cantly in these cities during the 
last 21 years. The population number of Szeged, Kecskemét, Győr and Debrecen 
grew by a few thousands (mainly in Kecskemét, where the number of residents 
increased by 11,000, which means a 10% of growth). The population of Szolnok 
and Székesfehérvár decreased by a couple of thousands: in Székesfehérvár the 
population fi gure dropped by 5.4 percent and in Szolnok by 4.9 percent. 

In the light of these fi gures it is strange enough, that the greatest 
amount of sites used for residential purposes (40%) is located in Szolnok, 
which is followed by Győr (35%). The changes in the number of population, 
therefore, does not seem to be related to the intensity of residential regenera-
tion, which was more infl uenced by the growing demand for cheaper apart-
ments for rent, fl ats with small fl oorspace (i.e. for young couples), and the 
suburban locations (e.g. in Szolnok, Debrecen, Kecskemét). 
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The demand for upmarket fl ats has grown since 2000, consequently some 
part of the old, tarnished buildings previously used for Hungarian military pur-
poses have been converted to luxury fl ats in or close to the city centre locations 
(e.g. in Győr, which has the highest income per capita among the county seats). 
The area of demolished sites oft en proved to be suitable for new single family 
homes or villas (e.g. in Szolnok or Kecskemét) and subdivisions (e.g. in Győr) 
provided the area was not located far from the centre of the city. In Debrecen, the 
second largest city in Hungary, only 5 percent of the former sites were converted 
to housing, mostly some apartments located in the centre of the city. This could 
be the result of the fact that Debrecen has the greatest size of Soviet military areas 
and the largest part of it is the former Soviet military airport.

Besides entrepreneurial (commercial and manufacturing) and residen-
tial functions, the role of educational, recreational, administrative or public 
services in the regeneration of Soviet sites was also analysed. Considering the 
average value of the cities, 13 percent of the total area was converted to educa-
tional (cultural) functions and 21 percent to administrative-institutional func-
tions. The educational-cultural function reached its peak in Kecskemét (16% of 
the sites) and the administrative-institutional function in Debrecen (30.7%). 

Based on these fi ndings we can draw the conclusion that the ratio of 
public institutions and educational-cultural functions on former military es-
tates is high especially in those cities where the interest of private sector is low 
(Kecskemét and Debrecen). Secondly, in these cities there is a huge amount of 
other (non-brownfi eld) investment opportunities with lower investments costs. 
Thirdly, the intervention of private capital was also hampered by the fact that 
the sites of these cities comprised mainly large building complexes some of them 
with monument status which limited the possibilities of reuse and renovation. 

Economic performance as factor of regeneration

According to economic indicators (e.g. foreign capital infl ow, GDP per capita, 
number of economic organisations etc.) we set the following rank order among 
the six selected cities: 1. Győr, 2. Székesfehérvár, 3. Debrecen, 4. Szeged, 5. 
Kecskemét and 6. Szolnok. Based on our list one would presume that cities 
with stronger economic performance and more developed industry achieved 
bett er results regarding the regeneration of former Soviet military sites, and 
the utilisation of these sites for economic purposes is also more frequent. 

In Győr and Székesfehérvár, the two most developed cities, the share 
of re-utilised sites is indeed high (100% and 90% respectively), however, in the 
latt er case the share of the areas rehabilitated by the local government reaches 
33.5 percent, which is only 4.8 percent in Győr and 18.2 percent in Debrecen. 
The major part of the rehabilitation projects was implemented during the 
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initial period (between 1990 and 1995) only in Székesfehérvár, the majority of 
successful functional changes was realised in Győr in the beginning of 2000s 
and in Debrecen in the middle of the 1990s. 

Out of the new functions the ratio of commercial, industrial and entre-
preneurial functions reaches the highest ratio in Debrecen (62%), while in Győr 
and Székesfehérvár this ratio is lower (35% and 50%). Győr’s good economic 
performance and favourable location in the country makes the city a favour-
able destination of international and domestic migration, contributing to a 
higher level of residential utilisation of former Soviet sites. On the other hand, 
the ratio of areas utilised for economic purposes is signifi cant in Szolnok and 
Kecskemét (40% and 41%), which nearly reaches the fi gures of Székesfehérvár 
and Debrecen. In these two cities commercial utilisation plays a more important 
role (new functions as department stores, shopping malls and retail stores) than 
the reuse for industrial goals. Therefore, it has not been justifi ed that the success 
of rehabilitation is mainly determined by the economic power. 

The eff ects of EU funds obtained for urban rehabilitation and brownfi eld 
development between 2004 and 2011

All selected cities in our study received fi nancial resources for urban rehabilita-
tion from the EU during the previous and the present budget period, however, 
none of them received EU funds for the functional change of brownfi eld areas. 
Thus, considering the ratio of reutilising Soviet sites and the diff erences among 
the cities we could not take it in account as an advantage. EU funds for reha-
bilitation of Soviet sites either stem from an earlier period (e.g. in Szolnok and 
Debrecen funds from the PHARE program), or from other EU resources, e.g. 
from the European Social Fund. Accordingly, we draw the conclusion that EU 
resources for brownfi eld rehabilitation have not contributed to the renewal of 
any of the sites: fi rstly because the sites did not meet the conditions of applica-
tion3 secondly, the country could not even apply for monetary instruments for 
the rehabilitation of military sites4.

Location within the city

According to our hypothesis sites with the best regeneration possibilities are 
located in the centre of the city and they are successfully reused. This is the 
3 In the Regional Operative Program 2.2. (2004–2006) the minimum size of territory for the 
application should have att ained 40 hectares.

4 Hungary could not apply for EU funds aiming at the conversion of military areas (CONVER, 
PERIFRA)
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consequence of the increasing demand for both residential and business space 
in the inner neighbourhoods of larger cities. At the same time sites categorised 
as Type 1 and Type 2 in our Table 1 are relatively easy to regenerate without 
signifi cant previous cleaning and arrangement of the area (or demolition of 
the buildings located there). We suppose that the farther the territory is located 
from the centre of the city, the less intense its utilisation could be. These sites 
are hard to regenerate not only due to their location but also their malefi cent 
and poor infrastructure, inadequate condition of buildings.

Available data confi rm our initial hypothesis, as unutilised sites situ-
ated within the city borders makes up on average only 11 percent of the total 
territory of Soviet military sites. In three of the cities (Győr, Szolnok, Szeged) 
there are no unutilised sites, in the other cities their share is between 15 and 
20 percent. Altogether 20 sites are located in the suburbs or outside the city 
limits and the intensity of their reuse varies greatly among the cities (0% in 
Szolnok, 15% in Szeged, 45% in Debrecen, 76% in Kecskemét and 75% in 
Székesfehérvár). (Győr does not have such sites.) The high value is striking in 
Kecskemét and Székesfehérvár as a great number of former Soviet sites are 
situated in the suburbs (8 and 4), which makes their utilisation more diffi  cult 
according to our initial hypothesis – if there are other green- and brownfi eld 
investment possibilities within the city limits. 

Based on our fi ndings we can confi rm that the utilisation of sites in 
the centre of the city was enhanced by their location, while the location did 
not hamper the utilisation of sites situated in the suburbs or outside the city 
limits. In the case of the latt er not the favourable location, but other factors 
(such as suffi  cient infrastructural features, adequate condition of the build-
ings, the opportunity to start a profi table business enterprise) determined 
their transformation. 

Conclusions

Former military sites of the Soviet Army became abandoned in large number in 
Hungary aft er 1991. As our study demonstrated a number of factors determine 
the success of rehabilitation of such sites and the role of these factors varies 
greatly in space and time. According to economic aspects, Győr and Székesfe-
hérvár the two economically most successful cities in Western Hungary are 
leading the list while the lowest values were found for Szolnok and Kecskemét. 
But if we handle separately the factors used for analysing economic perform-
ance, some of them prove to be able to aff ect the success of rehabilitations (e.g. 
the number of functioning enterprises in the city, or the volume of investment 
in the given region). Diff erences and similarities in brownfi eld policy of cities are 
not relevant. 
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Greenfi eld protection policy is only present in the development docu-
ments of Szolnok, Szeged and Debrecen. Based on our analysis, the increase 
or decrease in population did not infl uence the ratio of reuse of former Soviet 
premises for residential function (e.g. Szolnok has the highest ratio of reuse 
for residential purposes with the greatest decrease of population). In con-
nection with sites used for other than commercial or residential purposes, it has to 
be highlighted that the ratio of such utilisation (e.g. for public institutions, 
foundations and cultural purposes) had the highest value in Kecskemét and 
Debrecen, where private investors showed litt le interest in utilising these 
sites. Our survey also revealed that geographical aspects played a greater role 
in determining the success of rehabilitation. The location within the city or in the 
inner city was strongly determining the success of regeneration; however EU 
funds did not contribute considerably to the success of the process.
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L I T E R A T U R E
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Stanilov, K. and Sýkora, L. (eds.): Confronting Suburbanization. Urban Decentralization 
in Postsocialist Central and Eastern Europe. Wiley Blackwell, Chichester, 360 p.

The book focuses on the process of suburbanization that has been perhaps the most spec-
tacular spatial phenomenon of urban restructuring in post-socialist countries. It provides a 
detailed overview about the migration from core cities to suburbs, the reasons and conse-
quences of suburbanization, and the common features and distinctive characteristics of the 
process in the post-socialist cities. In addition, it explores the impact of the globalization, 
the EU-enlargement, the fi nancial crisis and the role of local authorities, investors, and 
inhabitants. Although single papers have been excessively published on suburbanization 
in individual cities in post-socialist Central and Eastern Europe, however, this is the fi rst 

attempt to evaluate subur-
banization from a comparative 
perspective in the region. 

The structure of the book 
follows the traditions: an in-
troductory and two summariz-
ing chapters were writt en by 
the two editors, Kiril Stanilov 
and Ludek Sýkora. In be-
tween the reader fi nds seven 
case studies about the capital 
cities of Central and Eastern 
Europe. The introductory 
chapter argues that the main 
factors of rapid suburbaniza-
tion were the privatization of 
state assets, the deregulation 
of economic activities, and 
the decentralization. These re-
forms (implemented right aft er 
the change of regime) created 
favourable conditions for the 
rapid sprawl of population, 
services, and commerce.

The concluding chapters 
and the case studies equally 
emphasize the importance of 
national policies (e.g. privati-
zation) and local authorities. 
In the early phase of transi-
tion suburbanization was trig-
gered by the mass provision of 
land by suburban municipali-
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ties causing substantial population loss in big cities. The EU-enlargement brought about 
signifi cant changes because the countries had to establish their regional authorities and 
environmental policies and regulations had to be developed in line with EU standards. 
The eff ects of the urban sprawl, however, did not always reach an alert line on behalf of 
public authorities; therefore, policy responses were either late or completely missing. The 
authors claim that if suburbanization is lessening, it is mainly due to market forces, like 
the fi nancial crisis or the urban rehabilitation programs that increased the supply of high 
quality inner-city dwelling stock. 

The case studies were prepared according to a common methodology. The authors 
fi rst put the suburbanization in its historical context, summarizing the pre-socialist and 
state socialist periods. This is followed by an introduction of the post-socialist processes. 
Not only the suburbanization of population, but of trade, services and other functions are 
analyzed. The role of the diff erent actors like public authorities, urban developers, planners 
and the market is also explored. The common structure makes the individual chapters very 
transparent and comparable.

The case example of Ljubljana presented by Pichler-Milanović, N. demonstrates that 
the deregulation, the lack of coherent strategy, and the inadequate cooperation of local 
governments have a lot of negative eff ects. Despite the negative consequences of the urban 
sprawl, suburbanization has proved to be sustainable in Ljubljana. This is explained by the 
dispersed patt ern of the sett lement system, the spread of energy-effi  cient construction, and 
the improvements in sewage facilities.

The metropolitan area of Prague is highly fragmented (more than 200 sett lements) 
which would require greater cooperation among the suburban localities. However, dur-
ing the transition period, a competition began among the local governments for att racting 
new jobs and residents. The lack of competence at higher administrative levels resulted in 
negative consequences as far as the authors of the case study, Ludek Sýkora and Ondrej 
Muliček claim. The priorities in Prague’s metropolitan region were the improvement of 
transport connections and the construction of roads, while the environmental issues were 
completely neglected.

The heterogeneity of the agglomeration zone is one of the main characteristics of the 
Sofi a Metropolitan Area. According to the authors, Kiril Stanilov and Sonia Hirt, the at-
tractive natural environment of the Vitosha Mountain close to the southern border of the 
city determines the direction of suburban migration. 

The mobile middle class people tend to move to this southern area, while the northern 
suburbia has remained a deteriorated industrial zone inhabited mainly by lower class 
people. The process of suburbanization started around Sofi a in the 2000s and dramatically 
slowed down aft er the fi nancial crisis; the price of newly built houses has decreased by 40 
percent since 2008.

The Budapest Metropolitan Area is similarly divided but the heterogeneity of the zone 
is explained not only by its physical geographical features but also by the direction of the 
main roads, and the characteristics and functions of the suburban sett lements. The authors 
of the chapter – Zoltán Kovács and Iván Tosics – have identifi ed three economic growth 
poles around Budapest each having logistics, commerce or industry as a driving force 
behind. Authors also point out that in the mid-2000s the outfl ow of population lessened, 
while the city itself started to grow again. This was partly the consequence of the urban 
rehabilitation programs that resulted in a steady growth of newly constructed dwellings 
inside the city boundaries. Budapest was the fi rst case among post-socialist cities where 
national legislation intervened and prevented limitless land conversion in the suburban 
belt by a law in 2005.
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The main characteristic of the Estonian capital is that in Tallinn suburbanization was 
driven by the cheaper housing due to an oversupply of fl ats in the periphery. This supply 
was partly created by the Russian-speaking residents who left  Estonia aft er the country 
became independent, thus their apartments and summer homes became vacant at a rela-
tively low price level. The authors (Leetmaa, K., Kährik, A., Nuga, M. and Tammaru, T.) 
claim that the main period of suburbanization in Tallinn was also in the early 2000s like in 
all other postsocialist countries.

Warsaw is the only large capital city in Central and Eastern Europe which has con-
tinuously increased its population during the last 25 years, while the suburban periphery 
also experienced increasing population growth rates. Authors (Lisowski, A., Mantey, D. 
and Wilk, W.) pay special att ention to the confl icts between the old and new residents of 
the suburban sett lements caused by their diff erent lifestyles, att itudes and development 
preferences. 

Moscow is the most special case among the analyzed cities, not only because of its size, 
but also because the very nature of urban development is diff erent. The major sources of 
metropolitan growth are not suburbanizing residents arriving from the core city, but the 
newcomers from other parts of the country and from Post-Soviet states. Despite the large 
scale housing constructions over the last two decades the agglomeration of Moscow is still 
very heterogeneous; it maintains a strong agricultural character. The authors (Brade, I., 
Makhrova, A. and Nefedova, T.) claim that the proportion of unregistered inhabitants and 
informal economic activity is extremely high.

The editors’ conclusion is that the conditions of suburbanization were set by the new 
capitalist system implemented aft er 1990, and its ideological platform, the neoliberal state. 
Aft er the crisis this doctrine must be revised because the uncoordinated urban sprawl 
contradicts to the principles of sustainable development. This is a very readable book and 
a successful trial to set the suburbanization of post-socialist cities in a global context.

Balázs Szabó
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Lozovanu, D., Delinschi, A., Kahl, T. and Prishchepov, A. (eds.): Gagauziya (Gagauz 
Yeri) Avtonom Bölgesi Atlasi / Atlas of ATU Gagauzia (Gagauz Yeri). Editura PROART, 
Chişinău, 2014, 72 p.

The atlas of Gagauzia (or formally Autonomous Territorial Unit of Gagauzia) is an att empt 
to present the general characteristics of this relatively small autonomous region of the 
Republic of Moldova established 20 years ago. Gagauzia covers only 1848 km2, where 156 
thousand people lived in 2004, whose majority was Gagauzian. Gagauzians are Orthodox 
Christians who speak Gagauzian which belongs to the Turkic language group.

According to the authors’ introduction, this is the fi rst thematic atlas about Gagauzia 
(and also the fi rst in the broader region), which serves as “a model of the regional Atlases 
in Republic of Moldova and abroad” (p. 9). Moreover, based on the outfi t of high standard, 
the diverse content and the involvement of governmental institutions in the preparation of 
the atlas, this collection of maps looks more a national atlas of Gagauzia than a “simple” 
regional atlas. Naturally, labeling the atlas of an autonomous territory as ‘national’ would 
lead to political confl icts particularly in a country which still faces territorial confl icts with 
the de facto sovereign Transnistrian state. 

The atlas is addressed not only to scholars but everyone who is interested in Gagauzia’s 
geography, economics, ecology, history and ethnography. The authors intend this issue 

on the one hand as a scientifi c 
basis for development pro-
grams, and on the other as a 
source of information about 
Gagauzia. Contrary to the 
above mentioned specifi c tar-
get, the reason for creating this 
atlas sounds rather vague, as 
it is “due to the spirit of times, 
perception of something new 
…” (p. 9).

Looking into the atlas one 
can fi nd 77 maps on 72 pages. 
The maps do not accompanied 
and explained by texts (only 
by short additional informa-
tion in some cases), except the 
introductory words and dedi-
cations by the managing edi-
tor, the governor of Gagauzia 
and the main sponsor. Both 
the texts and the legends are 
available in four languages 
(Gagauzian, Moldavian, 
Russian and English) to reach 
not only local and Moldovan 
readers but also the outside 
world. Place-names are writt en 
in Moldovan, Gagauzian and 
Russian in the autonomous 
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territory and without Gagauzian names outside Gagauzia. Regarding the place-names, two 
inconsequences can be found on page 14 and 15 where Gagauzian names are missing.

The autonomous territory’s current conditions are depicted in 14 topics. Out of the 
77 maps, only 47 are limited to Gagauzia itself. The weight of the topics does not refl ect 
the general structure of the international traditions in atlas cartography. Some issues are 
underrepresented or even missing, which is probably due to the hard-to-access statistical 
data, while some topics are overrepresented, which reports on the local importance of these 
issues (e.g. ethnic structure). Analyzing the structure of the atlas, we identifi ed only one 
map which does not meet the logic chain of the atlas at all: this is the map of the central 
part of Comrat, the seat of Gagauzia (p. 52). But overall, except this case, the atlas’ structure 
satisfi es the criteria of a regional atlas.

The number of maps by categories clearly shows the topics with high local interest. 
Among demographic maps, ethnicity is presented in four maps and two diagrams, while 
only one map is dedicated to natural increase and migration which strongly aff ect the 
country’s demographic, economical and social circumstances. Similarly, 17 maps focus on 
issues related to the agriculture, while other parts of economy presented only in 5 maps. 
Most of the topics representing the Gagauzian society (e.g. education, culture, health care, 
religion, sport, tourism) are approached from an infrastructural perspective: for instance 
education maps concentrate on the number of the institutions rather than the educational 
att ainment of the population.

The last two maps before the historical maps depict the distribution of Gagauzians in the 
broader region based on offi  cial and estimated data. Since the title of the book refers that the 
atlas’ content is about Gagauzia and not about Gagauzians, involving this issue reports on 
inconsistency. This highlights the mingled nation concepts (territorial or cultural) character-
izing the whole region. Similarly, the historical maps are probably involved to the atlas in 
order to strengthen local/regional/ethnic (Gagauzian) identity, otherwise their inclusion is 
meaningless. Both phenomena underpin that the book serves as a national atlas and thereby 
it is a cartographic tool for Gagauzian nation building (as all of the national atlases).

The design of the maps is generally harmonious. The maps refl ect a consistent editorial 
work with predetermined scale series. The symbols are easy-to-read and easily interpreted. 
The cartographic elements (title, scale bar, legend) are aesthetic. At the same time, the 
symbols of the map legend appear to be overcolored, which resulted in too vivid outlook. 
Colors with less saturation, precisely elaborated symbols would have eventuated in clear-
out, more readable maps.

Concerning the territory of Gagauzia, it is a striking phenomenon that the thematic 
content appears as a so-called “island-like map” (a map on which only a selected area is 
mapped fully) in most cases. Presenting such a small area it would have been a worth us-
ing contiguous thematics to fi ll in the emptiness among the isolated territories of Gagauzia 
(like on page 21). A positive but single example is found on page 30, where this defi ciency 
is compensated by the overview map of Moldova. But generally the “island-like map” 
phenomenon, especially spectacular in case of the physical geographical part of the atlas, 
reduces readability.

From cartographic point of view, the lack of the geographical grid is considered to be 
a fault, and, although scale bar is part of the maps, scale in numeric format should also be 
writt en on maps. Another problem is the crowding of the maps originated from applying 
too many diagrams and the multilingual legends, which makes map interpretation diffi  cult 
(e.g. on page 46).

More minor cartographic errors can be found throughout the atlas, but they are not 
decreasing the value of enjoyment of maps. Just to name some of the problems: map on 
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geology, climate and soils does not contain border of communes, therefore the localization 
of some phenomena challenges the reader. In addition, the soil map legend is constituted 
by eight categories but the summarizing cake chart includes only six ones. In several maps, 
contrary to the initial practice, the outlines of the sett lements are missing. In case of the 
maps with landscape orientation in the historical-administrative section, it would have 
been bett er to orient them in the same direction.

On the whole, we conclude, that despite the minor cartographic problems, the Atlas 
of ATU Gagauzia is a well-designed work of high quality, which is recommended for 
everyone who would like to be acquainted in depth with this region and its cartographic 
representation.

Zsombor Nemerkényi and Patrik Tátrai 

Warf, B. and Leib, J. (ed.): Revitalizing Electoral Geography. Burlington, Ashgate 
Publishing Company, 2011. 238 p.

Electoral geography has a long and complex history and once possessed a distinguished 
status within the discipline of political geography. This dominance decreased aft er 1980 
and the thematic coverage of electoral geography became partially obsolete. While so-

cial geography began to deal with more 
conceptual questions, electoral geography 
became utt erly positivist and sank into 
its own ‘moribund backwater’. Electoral 
geographers had to face the challenges 
of renewal, and this book is an important 
trial to revitalize electoral geography.

The book consists of three major parts 
and contains altogether twelve chapters. 
The fi rst part of the book sets the con-
ceptual background. Barney Warf and 
Jonathan Leib, who are the editors of the 
volume, describe the need for revitalisa-
tion and summarise the messages of the 
studies included in the book. The editors 
emphasize that the overall goal of these 
chapters is to show some conceptual, the-
oretical and methodological perspectives 
for electoral geographers.

In the second chapter Jonathan Leib 
and Nicolas Quinton discuss the current 
trends in electoral geography. Authors 
analyse 224 articles published mainly in 
English language journals (e.g. Political 
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Geography, Regional Studies and Professional Geographer) aft er 1990. They come to the 
conclusion that 39 percent of the articles deal with the United States, 20 percent with the 
United Kingdom, in addition to the Anglo-Saxon dominance a lot of studies focus on the 
electoral processes of the Post-Soviet states. The bulk of the literature concentrates on the 
analysis of voting patt erns, electoral systems, redistricting or pedagogic issues. Some of the 
major theoretical perspectives, e.g. spatial analysis, political economy, and post-structuralist 
interpretations also appear in the articles. As a reader, I found this chapter very informa-
tive and the comprehensive analysis of electoral geography publications provided a solid 
foundation for the book.

In the second part of the book case studies from the UK, Italy, Spain, Taiwan and Puerto 
Rico can be found. In the third chapter, Ron Johnston and Charles Pattie use the United 
Kingdom as a case study to describe the strengths and weaknesses of the wide varieties of 
electoral systems. They think that the geography is the core of most systems which use elect 
legislators to represent territorially-defi ned constituencies. There are no perfect systems 
but for the sake of social justice, it is necessary to examine the balance between advantages 
and drawbacks in electoral systems and geography plays a key role here.

The fourth chapter presents how geographic information systems and spatial regres-
sion methods can be used for electoral geography. Michael Shin and John Agnew focus on 
the objectivity of research methods in modern geography. Their case study is on the Lega 
Nord (North League) in Lombardy. Authors examine the diff erences between the statistical 
methods (territorial autocorrelation and geographical weighted regression) and the role 
of the scale. The anti-immigration and regional party has both positive (around Brescia 
and Sordio) and negative (east side of Milano) correlation with the rate of unemployment. 
This chapter can be perceived as a great methodological innovation regarding how spatial 
regression can be used to point out local diff erences behind the global correlations and 
regressions results.

Erinn P. Nicley focuses on the cultural political economy perspective of elections. He 
points out that the Bloque Nacionalista Galego regional political party fi rst rose and then 
fell between 1985 and 2005. Initially, the author restricts the terminology as the impact 
of the capitalist regulation on the identity of voters. The infl uences of the global political 
and economic shift s on voting behaviour are analysed, at the same time the eff ects of local 
cultural and ideological diff erences on political patt erns are emphasised. In my view, this 
article provides a new perspective for electoral studies because it contains critical parts 
behind the main analyses of the results.

Although English language publications focus predominantly on the elections of North 
America and Europe, Daniel McGowin provides a unique chapter because his case study 
is Taiwan. Analysing the historical, identical factors of voting behaviour author comes to 
the conclusion that in the past, the main diff erentiating factor of voting behaviour was 
the progeny of people (Chinese or native). Nowadays, the main cleavages between the 
Kuomintang and the Democratic Progressive Party are not so much based on ethnic issues 
but more on the att itudes towards mainland China.

In the seventh chapter, Luis D. Sánches-Ayala describes the problems and dilemmas of 
the extension of the voting rights in Puerto Rico. Could the electoral universe for a future 
referendum be limited only for those who have lived on the island or for those who were 
born on the island? These questions are hot because more Puerto Ricans live in the United 
States than in Puerto Rico. In recent decades, there have been three referendums and the 
voters were very much divided each time. The main cleavages in the Puerto Rican society 
are the att itude towards the United States, the diff erences between nationality and statehood 
and furthermore, the diff ering identities between the migrants and the islanders.
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The third part of the book focuses on the United States. Barney Warf, in the eights 
chapter, describes the impacts of class, ethnicity and religion on the presidential elec-
tions in 2008. The general stereotype about American voters is that working class people 
vote for the Democrats and the white and wealthier groups support Republicans. Author 
uses geographically weighted regression and shows why this class-stereotype is not ap-
plicable nowadays. Moreover, he notes that religion and ethnicity are more determining 
factors of voters’ behaviour. I found this chapter highly informative because the author 
also highlights the main political impacts of neoliberalism aft er 1970. For instance, lots of 
Democrats became Republican voters because the Democratic Party overemphasized liberal 
and multicultural values. Toby Moore, in his chapter, analyses the spatial dimensions of 
American voting in the 2008 elections, in the light of voter identifi cation laws and voting 
technologies. The way how voters cast their ballots shows enormous diff erences across the 
United States. For example some states allow voters to register and cast their ballots on the 
same day. In another states, many people cast their ballots through e-mail. These kinds of 
regional diff erences also infl uence the electoral results.

In the next chapter, Fred M. Shelley and Heather Hollen examine the geographical 
aspects of pre-elections, which is rather new topic in electoral geography. Authors use the 
presidential primaries in 2008 as a case study and emphasize the cleavages within one 
party throughout the United States. On the one hand, Obama att ract strong support in 
metropolitan areas, among ethnic minorities and highly qualifi ed people. On the other 
hand, Hilary Clinton is more popular among elderly, lower-class people and in rural areas. 
Republican candidates also create their own cleavages; Romney is popular in urban areas 
while McCain in rural areas. In the next chapter, Nicholas Quinton and Gerald R. Webster 
try to make connections between conceptual approaches and quantitative methods. They 
use spatial autocorrelations and factor-analysis and compute the data of the Local Indicators 
of Spatial Association, presidential elections and electoral outcomes of referendums. As 
they found North Alabama has a white, conservative, republican voting behaviour patt ern 
and the ‘black belt’ has a liberal, multicultural patt ern with democratic dominance. This 
study is an excellent demonstration how quantitative methods can successfully be applied 
in post-structuralism paradigm.

Finally, Thomas Chapman analyses the geographical features of the referendum about 
the same-sex marriage in Florida. This topic divided very much the population and fi nally 
the majority rejected it. However, there were several areas where the same-sex marriage got 
strong support, for example, in the neighbourhoods of the universities. The author describes 
the spatial patt erns of this referendum through the lens of cultural politics of sexuality.

To sum up, I found the twelve chapters of this book highly informative and thought-
provoking. I recommend this book for all those academics and researchers who are inter-
ested in electoral studies and would like to know more about the modern straits of electoral 
geography.

György Vida
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C H R O N I C L E

Hungarian Geographical Bulletin 63 (4) (2014) pp. 465–471.

Report on the 2014 Annual International Conference of the Royal 
Geographical Society 

(with the Institute of British Geographers)

London, August 27–29, 2014

The Annual International Conference of the Royal Geographical Society (RGS) was held 
at the London headquarters of the RGS and the nearby Imperial College in Kensington 
this year. The conference theme was ‘Geographies of co-production’. The title refers to the 
challenges that emerged in research and teaching activities as a result of a range of new 
encounters, such as commercialisation, engaged arts, open innovation, participatory social 
science and public engagement. The conference provided opportunities to analyse the 
challenges of multi-disciplinarity and the opportunities of creating new understandings 
by using diff erent perspectives.

Interior from the London headquarters of the Royal geographical Society
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The main panel session brought together leading scholars, among others Katherine 
Gibson, Uma Kothari, Patricia Noxolo, Nik Theodore, Wendy Larner, Keri Facer and Jane 
Wills to discuss what co-operation means for universities, academics and knowledge itself. 
The covered topics included the political economy of co-production; co-production and the 
politics of post-colonialism, feminism and anti-racism; issues of success, quality and legacy. 
The chair’s plenary lecture was given by Vinay Gidwani (one of the most prominent Marxist 
geographers working on issues like work, poverty, agrarian change in India) on the topic of 
‘Value struggles: ethno-geographic notes on waste work in urban India’. He analysed the 
importance of emerging informal need economies to urban livelihoods and urban living 
and he examined the poverty, injustice and struggle in neoliberal urban India.

These were only a selection of highlights - this year almost 1,800 participants contributed 
to over 380 panels and sessions. Several topics were discussed in these sessions, among 
others, issues of international development, climate change, transnational education, urban 
political ecology, the diff erent perspectives of (urban) sustainability, geopolitics, social and 
environmental justice and many more.

One of the most inspiring presentations at the conference was given by Uma Kothari 
who analysed the new actors in the changing environment of international development. 
These included celebrities, armed forces, philanthropists and international volunteers. 
Her research especially focused on how these volunteer actors form and forge new global 
connections and alliances.

Many of the sessions refl ected the issues related to the current economic crisis, such 
as the session called ‘Geographies of forced eviction’. The session raised the att ention to 
a ‘crisis’ urbanism in the Global North characterized by new forms of social inequality, 
increased housing insecurity and violent displacement. It also aimed at considering what 
geographers can off er to inform understanding of, and action against this foremost hu-
man-rights violation.

The RGS publishes its own book series and organizes ‘author meets interlocutors’ ses-
sions at the conference. This year one of the most interesting books was Marisa Wilson’s 
‘Everyday moral economies: food, politics and scale in Cuba’. The panel session was held 
by the author and the reviewers of the book (with human geography and Latin American 
studies backgrounds). ‘Everyday moral economies’ is a fascinating combination of human 
geography and anthropology. Using a geographical understanding of politics of scale with 
anthropological sensitivity of daily life, Marisa Wilson reveals in her study how contradic-
tions between food-as-commodity (within the globalized neoliberal markets) and food-as-
entitlement (within a planned economy) are resolved in everyday social practice.

Prior to the fi rst day of the conference, a conference training symposium had been 
hosted by the RGS Postgraduate Forum and it provided training and networking oppor-
tunities for postgraduate students att ending the conference. The workshop also helped 
postgraduates to meet other delegates and get to know the venue before the start of the 
conference. The fi rst part of the workshop was led by Nicola Thomas and it focused on 
the ways in which postgraduates can develop strategies, ideas and actions for making the 
most out of the conference in terms of professional career development (e.g. networking 
strategies). The second part of the symposium focused on strategies for engaging with 
critical reading, writing and self-editing processes. The workshop was organised and led 
by Gavin Bridge.

Every year more and more Hungarian delegates att end the RGS Annual International 
Conference but this year there were only two participants from Hungary. Márton Lendvay, 
who obtained his Master’s degree in geography at Eötvös Loránd University, currently a 
PhD student at Aberystwyth University (Wales) analysed how a resilient economy is created 
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in a Hungarian agricultural community. Using empirical research, he argued that small 
farming community members are moving away from the institutions and services provided 
by the state and seek alternative and local solutions of adaptations instead. The other 
Hungarian presenter was Noémi Gonda who is pursuing her PhD degree in Environmental 
Science and Policy at the Central European University. Using a feminist political ecology 
framework, she examined farmers’ gendered experiences of climate change in two rural 
communities in Nicaragua. She argued that gender roles and relations are not static and 
they are signifi cantly changing under the eff ects of climate change in Nicaragua. These 
changes are linked to climate-related migrations, modifi cations in the production systems 
and development interventions.

To conclude, the conference provided an intellectually very stimulating environment 
for geographers and other social scientists as well, thanks to the many thought-provoking 
panel and paper sessions and the interdisciplinary and international character of the confer-
ence. The next Annual International Conference of the RGS will be held at the University 
of Exeter from 2 to 4 September 2015, where hopefully several Hungarian delegates will 
take part as presenters, chairs, convenors or discussants.

László Cseke
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Report on the 3rd Romanian-Bulgarian-Hungarian-Serbian conference

Srebrno jezero (Veliko Gradište), Serbia, 18–21 September, 2014

The roots of the conference go back to the year 2010, when the fi rst regional conference on 
the “Geographical environment and cross-border cooperation within the Danube lower 
basin”, was organized by the University of Craiova (Romania) gathering geographers and 
other researchers from European countries who shared their experiences, knowledge and 
research results about all aspects of geography. The fi rst conference took place in Craiova 
and it was organized by the Geography Departments of the University of Craiova and the 
University of Timisoara. The second conference was held in Eger, and it was organised by 
the Department of Economic and Social Geography of the University of Szeged in 2012. 
The third conference was initiated by the Faculty of Geography (University of Belgrade) 
and Faculty of Sciences, Department of Geography, Tourism and Hotel Management 
(University of Novi Sad).

The conference theme was ’Geographical Research and Cross-Border Cooperation in the 
Lower Basin of the Danube’. One of the main goals of the conference was to bring geogra-
phers and institutions together from the countries lying at the lower basin of the Danube 
and establish a working group to promote sustainable measures for the sake of cross-border 
cooperations. As participants, we can confi rm the importance of personal meetings in the 
building of real and operating cross-border networks or communities of researchers. 

Location of the conference – Hotel Danubia Park in Srebrno jezero (Veliko Gradište, Serbia) 
(Photo: Ernő Molnár)
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The venue of the conference was in the Eastern Serbian Srebrno jezero (part of Veliko 
Gradište) near the Danube and close to the Iron Gates. This developing recreation zone is 
located next to a spectacular artifi cial bay of the river. The presentations took place in the 
Hotel Danubia Park. 

On the fi rst day the programme of the conference was opened by the representatives of 
the universities and national bodies (e.g. head of the offi  ce responsible for EU integration 
aff airs) that was followed by plenary presentations. Seven sessions with approximately 100 
presentations and more than 40 posters were planned (however considerable part of the 
previously registered participants did not show up). Apart from this fact a broad range of 
topics covered almost every fi eld of geography and earth sciences. 

Evidently, presentations relating to the European Union’s Danube Strategy had high 
relevance among the topics presented. Considerable part of the presentations was in con-
nection with hydrology e.g. from the aspects of fl oods or sedimentology. Research topics 
of weather and climate change were also represented through the results on urban heat 
islands, local climate zones, extreme weather events or evidences and forecasts of climate 
change. Topics of geomorphology and landscape ecology were primarily analysed by GIS 
methods which refl ected the diff erences between countries in their approaches, in their 
most relevant issues and in their research methods. 

Demographic issues represented important part of the presentations, mainly in the 
context of migration. Some debates were generated about the one way migration from 
Central and Eastern Europe towards the West European countries and about its eff ect on 

The audience of the plenary session (Photo by the organizers)
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local demographic, social and economic situation. Ethnic issues were subordinated and 
focused primarily on international tourism. In the light of the presentations, tourism seemed 
to be one of the key elements in the building of cross-border cooperation. 

The programme of the conference was supplemented by presentations about the situ-
ation and possible development of geography teaching (e.g. through out-of classroom 
lessons) in diff erent countries. 

Floods, water pollution, monitoring systems and tourism developments might provide 
possibility for countries to cooperate. Besides of these, some common socio-economic proc-
esses – e.g. international migration, transforming post-socialist spatial structure or tourism 
development – also give the chance to fi nd ground to think together. 

Aft er the sessions a boat trip was organized on the Danube with guiding on board, 
concluding remarks of the sessions and a specifi c presentation about GIS techniques and 
devices.

A one-day bus trip was organized on Saturday (20 September) that contained several 
stops with geographic and historic relevance. Our fi rst destination was the monumental 
Golubac Fortress that was under revitalization at the time of the conference (funded by 
the European Union). The location of the fortress provides a strategic position that was 
demonstrated by the Roman stronghold as historic background of the current structures. 
Lepenski Vir (next stop of the trip) is a Mesolithic archaeological site that was excavated 
during the creation of the Iron Gate gorges. The museum provides the possibility to study 
the transition from the Mesolithic to the New Stone Age. 

The visit at Boljetin was a spectacular programme because fl ash fl oods caused massive 
damages there only few days before the conference. Participants could see the cleaning and 
reconstruction works nearby the fascinating geologic formations. Traditional local lunch 

Participants of the conference and fi eld trip above the Danube and the Iron Gates at Kapetan 
Misin Breg (Photo by the organizers)
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was served at Kapetan Misin Breg with beautiful scenery. The next stop was at Lajko’s cave 
which is one of the most spectacular caves especially aft er torrential rains where quite 
humid conditions were waiting for the visitors. Majdanpek town was the last stop in the 
programme which is an important copper mining and metallurgy area in Serbia (Hungarian 
participants associated to Salgótarján seeing Majdanpek).

The organizers summarized some potential fi elds of international cooperation:
– Intensifi cation of collaboration between the participating institutions (with signing a 

cooperation agreement);
– Intensifi cation of the exchange of teachers and students among our institutions (e.g. in 

the form of summer schools and camps, what was organized by colleagues from Romania 
last summer)

– Preparation of scientifi c projects between geographical institutions from the region 
(establishment of a commission with 2 members from each country)

Some project ideas were also proposed:
– Vulnerability map of Natural Hazards for this region (Hungary, Serbia, Romania, 

Bulgaria);
– Soil erosion map with assessment of changes in the intensity of soil erosion caused 

by demographic changes and changes in land use (in the given region);
– Assessment of soil loss caused by bank erosion in the southern part of the Pannonian 

basin;
– Preparation of a Global Change atlas.
A declared objective was to follow the traditions by the continuing the organization of 

similar conferences in the near future, next time in Bulgaria.

János Pénzes
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