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Introduction 
Following the application of Hungary for the EU Solidarity Fund following the floods in April 
2006, an analysis was carried out on flood extent and the land use in the flooded areas. This analysis 
has been done with available methods and data and includes: 

• MODIS-Terra satellite data 
• SRTM elevation data (corrected at JRC, 1m intervals) 
• CORINE 2000 land cover data 
• The JRC population density grid of Europe 
• TELEATLAS database including roads and railways 

 
 
Chapter 1 gives an overview of measured river discharge and water levels by the Hungarian water 
authorities. 
 
Chapter 2 presents the flood extent assessment as derived from MODIS-Terra imagery 
 
Chapter 3 describes the assessment of water depth in the flooded areas using SRTM data 
 
Chapter 4 describes the analysis of land use in the flooded areas and a coarse damage assessment 
 
Chapter 5 discusses the inaccuracies contained in the products. Given the use of the above 
mentioned data, the accuracy issues discussed in Chapter 5 need to be taken into account. 
 
Chapter 6 presents how results and estimates could be improved and discusses possible new 
products for rapid damage estimation 
 
Conclusions are presented in Chapter 7. 
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1. Observed water levels at measuring stations 
 
Included in this document are a number of observed flood hydrographs from selected points in 
Hungary, as taken from websites from Hungarian water authorities. The locations of the selected 
points are shown in Figure 1.1. The earliest high water levels were reached in the upper Tisza 
(gauge Tiszabecs, Figure 1.4) and along the main Danube (gauge Nagymaros, Figure 1.2) on 31 
March 2006. 

 
Figure 1.1: The 5 locations in Hungary with observed waterlevels as referred to in this document 

(Budapest is included as a reference point) 
 

 

Flood Warning Levels in Hungary 
 
In Hungary, the Warning Levels are used in the following way (source: pers comm Dr. Sandor 
Toth) 
 
Warning Level I water levels exceed the normal river bed and start entering the floodplain; 
   typically no damage yet 
Warning Level II average of Warning Level I and III water level; typically not much damage  
Warning Level III water levels 1 meter below the 1% probable flood (design flood – comparable 
   with the 100 year return period flood); typically water levels where damage 
   starts) 
 
 
 

Fig 1.4.

Fig 1.7.

Fig 1.2.

Fig 1.6.

Fig 1.5. 
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Main Danube 
The water levels in the Danube at Nagymaros (50km upstream Budapest, Figure 1.1) started to 
surpass Warning Level II on 31 March 2006 (Figure 1.2), whereas Warning Level III was exceeded 
between April 1st and April 7 2006, with the peak of the flood on April 4th 2006. Downstream of 
this location in the Danube, the floods started later than this. 
 

 
Figure 1.2: Observed water level at Nagymaros (Danube river, 50km upstream Budapest), 

Hungary. 

Tisza 
Along the Tisza river, a critical flood situation lasted for several weeks. Waterlevel observations are 
given for 4 locations starting from upstream to downstream in the Tisza river (Figure 1). On 24 
April, the situation was still critical as reported in Figure 1.3 below. 

 
Figure 1.3: Observed warning levels at the end of April along the Tisza in Hungary 

(Source: http://www.vizugy.hu/ ) 
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Figure 1.4: Observed water level at Tiszabecs (Tisza river, incl. Ukrainian part of Upper-Tisza). 

 
At Tiszabecs (figure 1.4) - close to the Ukrainian border - along the Upper Tisza, flooding 
exceeding warning level II was observed at 31st March 2006.  
 

 
Figure 1.5: Observed water level at Tokaj (Tisza river, incl. all the Upper-Tisza region: East-

Slovakia + Ukraine + North-Romania). 
 
At Tokaj (figure 1.5)- including the entire Upper-Tisza receiving water from East-Slovakia, Ukraine 
and Northern Romania – the water level started to exceed Warning Level II on April 4, with the 
peak observed on April 10. 
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Figure 1.6: Observed water level at Szolnok (Tisza river, middle section). 

 
At  Szolnok (figure 1.6) – in the middle section of the Tisza, the water level started to exceed 
Warning Level II on 6th April, lasting until 13th May 2006, with the peak around 21 April. 
 

 
Figure 1.7: Observed water level at Szeged (Tisza river, lower section), Hungary. 

 
At Szeged (figure 1.7) in the lower section of the Tisza, Warning Level II was also exceeded on 6th 
April, and lasting until 15th May, with a peak on 21 April. 
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2. Flood extent estimation 
 

Methods 
 
The delineation of the flooded areas in Hungary was achieved by a comparison of pre-flood and 
post-flood satellite imagery. For the assessment of pre-flood conditions, the Landsat ETM European 
mosaic from the summer 2000 was used. The resolution of the mosaic is 25 m and data are 
projected to the standard ETRS-LAEA projection. For the delineation of the water mask – 
representing the water surface extent under normal non flooding conditions -, the semi-automatic 
region growing technique on the band 4 (near infrared) was used. The obtained raster water mask 
was vectorized to an ESRI shape file. 
 
The flooded areas were assessed using MODIS-Terra imagery. The image from the 8th April 2006 
was used for Danube, from 24th April 2006 for Tizsa. Image dates were selected to be cloud-free 
and as close to the flood peak as possible.  The resolution was 250m. These imageries were overlaid 
with previously described pre-flood vectorized water mask. All the main rivers (Danube, Tizsa, 
Koros) and their tributaries were visually checked and flooded areas were delineated by vector 
polygons.  
 
Finally, the pre-flood vectorized water mask was subtracted from flood extent water vector data and 
flooded polygons were obtained (Fig 2.1).     
 

Results 
The majority of the flooded areas were successfully delineated. However, the delineation of flood 
extent line in towns and cities was not possible due the relatively coarse resolution of MODIS data. 
The results were also  compared with the flood extent maps produced by DLR Center for Satellite 
Based Crisis Information and the Dartmouth Flood Observatory  
(http://www.zki.caf.dlr.de/applications/2006/hungary/hungary_flood_2006_en.html) (Fig 2.2) and 
(http://www.dartmouth.edu/~floods/2006051Hung.html) (Fig 2.3). The agreement was generally 
very high. The discrepancies with the DLR flood maps can be explained by the different imagery 
used by DLR for analysis. Their flood extend maps were created  using AWiFS data with the 
resolution approximately 70 m. The agreement with the maps produced by Dartmouth Flood 
Observatory was high, since the same MODIS data were used for flood delineation.   
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Figure 2.1: Flooded area ( red – hatched lines) along Tisza river near Tiszaalpan depicted on 
Landsat imagery. 

 

 
Figure 2.2: DLR map of flooded area (in blue) overlaid with JRC result (in yellow). (courtesy DLR, 

the map is under DLR copyright). The spatial agreement is acceptable. 
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Figure 2.3: Tisza and its tributaries floods depicted with red color on the map of Dartmouth Flood 

Observatory (copyright) overlaid with JRC result in yellow. 
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3. Flood depth estimation 
 

Methods 
The water depth of the flooded areas along the Tisza and the Danube river is estimated using a 
digital elevation model (DEM) and the flood extent area, as derived described previously. 
 
The highest resolution DEM available for this study for the affected area, is the SRTM DEM 
(http://www.dlr.de/srtm/  and http://www2.jpl.nasa.gov/srtm/ ) – as currently modified and 
corrected by JRC. The Shuttle Radar Topography Mission (SRTM) obtained elevation data on a 
near-global scale to generate the most complete high-resolution digital topographic database of 
Earth. SRTM consisted of a specially modified radar system that flew onboard the Space Shuttle 
Endeavour during an 11-day mission in February of 2000. In order to gather topographic (elevation) 
data of Earth's surface, SRTM used the technique of interferometry. In interferometry, two images 
are taken from different vantage points of the same area. The slight difference in the two images 
allows scientists to determine the height of the surface.  Its resolution after the mosaicing is 100m 
and with the combination of other datasets it covers the whole of Europe. The data in the SRTM 
represent the Earth’s surface, including vegetation canopy or human structures, thus not necessarily 
representing the ground elevation. 
 
The key issue in the analysis is to estimate the elevation of the water surface as detected from the 
satellite images. This was done by finding the elevation of the boundaries of the flooded areas 
mask: areas higher than the elevation at the flood extent edge are not flooded, and areas lower that 
this are flooded. To filter out artefacts – due to the fact that the SRTM does not represent surface 
elevation but includes vegetation canopy or buildings – a local elevation minimum was assigned to 
the pixels within the flood extent mask.  
 
To obtain water depth, the original SRTM DEM was subtracted from this water level map. Negative 
values were replaced by a zero value. 
 
Due to the accuracy of the SRTM, the resulting values of water depth are rounded classes of meters: 
Class 1: waterdepth 0.1 – 1.0m 
Class 2: waterdepth  1.0 – 2.0m  
Class 3: waterdepth  >2m.  

Results 
The overall situation of flooded areas is presented (Figure 3.1) and several detailed maps (Figures 
3.2 – Figure 3.9)). Overlays with landcover and transport infrastructure are presented in next 
chapter. 
 
Figure 3.1: Overall situation of flooded areas at Spring 2006 on Hungarian territory. 
Figure 3.2: Upper Tisza region (zoom 1) 
Figure 3.3: Middle Tisza region (zoom 2) 
Figure 3.4: Szolnok area (zoom 3) 
Figure 3.5: Csongrád region (zoom 4) 
Figure 3.6: Szeged region (zoom 5) 
Figure 3.7: Esztergom – Nagymaros region (zoom 6) 
Figure 3.8: Dunaújváros region (zoom 7) 
Figure 3.9: Baja region (zoom 8) 
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Figure 3.1. Estimated water depths in the flooded areas in Spring 2006 in Hungary, as derived from 
SRTM based elevation data and flood extent derived from MODIS images. 
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Figure 3.2. Water depths in the flooded areas of the Upper Tisza region (zoom 1) 
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Figure 3.3. Water depths in the flooded areas of the Middle Tisza region (zoom 2) 
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Figure 3.4. Water depths in the flooded areas of the Szolnok area (zoom 3) 
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Figure 3.5. Water depths in the flooded areas of the Csongrád region (zoom 4) 
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Figure 3.6. Water depths in the flooded areas of the Szeged region (zoom 5) 
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Figure 3.7: Water depths in the flooded areas of the Esztergom – Nagymaros region (zoom 6) 
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Figure 3.8: Water depths in the flooded areas of the Dunaújváros region (zoom 7) 
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Figure 3.9: Water depths in the flooded areas of the Baja region (zoom 8) 



De Roo et al. (2006) Flood extent and damage estimation of the spring flooding in Hungary 2006 
 
 

 25

4. Flood damage estimation 
 

Methods 
In this chapter an attempt is made to determine the direct losses produced by the flood event. The 
effects of flooding vary greatly between urban and rural areas, and between direct and indirect 
losses (e.g. interruption of economic activities). The assessment presented here is based on the 
direct tangible losses produced by the flood event.  
 
Direct damage is estimated on the basis of the following information, currently available at DG 
JRC: 

• waterlevel in the flooded areas (Source: SRTM & JRC processing) 
• land use class in the affected areas (Source: CORINE 2000 [v8] ) 
• type of roads and railways sections flooded (Source: TELEATLAS database) 
• population (inhabitants) affected by the flooding. (Source: JRC’s  Population Density Grid -

100m-, version 3, based on 2001 data. Produced in 2005 by JRC1).  
 
Several spatial datasets and spatial analysis techniques have been used into a GIS for the estimation 
of the damage.  
 
The damage produced by a flood event depends on several criteria: maximum waterlevel, flood 
duration, water flow velocity, sediments and bedload transported during the flood etc. This study 
uses solely the waterlevel as a basis for the damage estimation, since the other information is not 
available. Flood duration could potentially be obtained by including more satellite images in the 
analysis.  
 

Results 
 
Using the above mentioned data and methods, it was estimated that the total flooded area in 
Hungary in April 2006 was 96,365 ha (963.65 sq. km), see Figure 4.1 and Table 4.1.  
 
Fourteen Hungarian provinces (NUTS 3 level) were affected by the floods.. The names of the 
affected provinces (NUTS 3) are: 
 

• Borsod-Abauj-Zemplen • Jasz-Nagykun-Szolnok 
• Zabolcs-Szatmar-Bereg • Komarom-Esztergom 
• Heves • Budapest 
• Hajdu-Bihar • Bekes 
• Pest • Bacs-Kiskun 
• Gyor-Moson-Sopron • Csongrad 
• Tolna • Baranya 

 
 
 
 
                                                 
1 Gallego J., Peedell S. (2001) Using CORINE Land Cover to map population density. Towards Agri-environmental indicators, Topic 
report 6/2001 European Environment Agency, Copenhagen, pp. 92-103. 
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Figure 4.1. Flooded areas in Hungary overlaid on  CORINE 2000 land use 
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Table 4.1 shows a breakdown of the flooded areas in land use classes (CORINE 2000 [v8]) as a 
function of water depths. It should be noted that the minimum unit for inventory in CORINE is 25 
ha, with a minimum width of unit of 100 m. Thus any object (e.g. residential areas, industrial, etc) 
below this threshold could be not represented in the CORINE layer. This may produce an 
underestimation of urban land-use classes in specific zones of the affected area. 
 
 
CORINE 2000 Flooded area (ha) by water depths (m) 

CODE Land-use class 
Water depth  
0.1 to 1 m 

Water depth 
1 to 2 m 

Water depth  
> 2 m TOTAL 

1 Continuous urban fabric 9 - - 9
2 Discontinuous urban fabric  630 - - 630
3 Industrial or commercial units 92 - - 92
4 Road and rail networks and associated land 10 - - 10
5 Port areas 50 1 1 52
7 Mineral extraction sites 10 - - 10
8 Dump sites 98 1 4 103
9 Construction sites 17 - - 17

10 Green urban areas 100 - - 100
11 Sport and leisure facilities 777 1 - 778
12 Non-irrigated arable land  21,727  1,718 1072 24517
14 Rice fields 1 - - 1
15 Vineyards 95 - - 95
16 Fruit trees and berry plantations  182 - - 182
18 Pastures  9,817 491 232 10540
20 Complex cultivation patterns  1,201 14 4 1219

21 
Land principally occupied by agriculture, with 
significant areas of natural vegetation  2,366 44 25 2435

23 Broad-leaved forest  36,889 232 89 37210
24 Coniferous forest 60 - - 60
25 Mixed forest 266 -  266
26 Natural grasslands  10,164 953 945 12062
29 Transitional woodland-shrub  5,240 266 172 5678
32 Sparsely vegetated areas 285 4 1 290

 Total 90,086 3,725 2,545 96,365
Table 4.1 CORINE2000 land use classes in the flooded areas as a function of estimated waterlevel 
 
 
Road type (after TELEATLAS) Length of the sections flooded  

(km) by water depth 
0. Motorway (Freeway) 2.4 (0.1 to 1 m)
1. Major Road of High Importance 0.45 (0.1 to 1 m)
2. Other Major Road 24.7 (0.1 to 1 m)
3. Secondary Road 43.0 (0.1 to 1 m)
4. Connecting Road  52.0 (0.1 to 1 m)
5. Local Road of Major Importance 50.2 (0.1 to 1 m)
6. Local Road 33.5 (0.1 to 1 m)
Railways 70.66  (0.1 to 1 m), 0.24 (1 to 2 

m),   0.2 (>2 m)
Table 4.2 Roads and railways affected, estimated using the TELEATLAS database  
 
 
Table 4.2 shows the total length of several road types and railways in the flooded areas, with 
additional information on the estimated water depth. It should be noted that a railway in the 
Teleatlas database represents a railway line by means of the approximate centre-line of the 
component track(s) or by means of the outer (not dead-end) tracks in case of an extensive railway 
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area. This could lead to location inaccuracies. Furthermore, generally only the railway lines for 
passenger traffic are captured. Metro subways and tramways are not included in the database. Thus 
also here, some underestimation can occur. 
 
Using the population grid data and the flood extent and water depth information, the total number of 
inhabitants in flooded areas is estimated at ~47,000 (Table 4.3). 
 

Number of inhabitants  Water depths (m) 
45,335 0.1 to 1  
1,100 1 to 2 
650 > 2 
Total: 47,085 

Table 4.3. Estimate of population in the flood affected areas, as a function of waterdepth 
 
Hungary reported that “2,792 settlements evacuated from their homes”. In this study, we estimate  
1,750 inhabitants in areas flooded with more that 1 m of water. We found a large number of people 
(>45,000) in flooded areas with less than 1m water level. It is likely that people with little water in 
their house are not necessarily evacuated. It should be noted here that given the accuracy of the 
SRTM elevation data (1m intervals), the results should be interpreted with care. 
 

Damage estimate using Dutch flood damage standards 
 
Currently, we do not have yet available depth-damage relations according to Hungarian price 
standards. For a proper assessment it would be necessary to collect flood damage functions for all 
the Member States of the EU. At presents, JRC has an study running to collect those damage 
functions. It is expected that this information will be available in 2007. 
 
Based on data, gathered during an earlier study for the Rhine & Meuse floods in 1995 in the 
Netherlands (Van Der Sande et al., 1999), a very coarse damage estimate could be made for 
Hungary. Obviously, one should be aware that price levels in Hungary and The Netherlands are 
different, and that the Dutch data are in the mean time 11 years old. 
 
Using the 1995 Dutch depth-damage data and a standard waterlevel of 0.5 m for the areas in the 
class “water depth  0.1 to 1 m’ in table 4.1 the following direct-damage numbers are estimated for 
Hungary: 
 
- Continuous Urban Fabric      6.5 Million Euro 
- Discontinuous Urban Fabric:  276.7  Million Euro 
- Industrial/commercial       2.2 Million Euro 
- Green Urban Areas       3.6 Million Euro 
- Roads (all):         1.5 Million Euro 
- Railways:        ? 
- Sport and leisure facilities:  ~200  Million Euro 
- Agricultural land (>20,000 ha)*   50  Million Euro 
- Other         ? 
Total estimated damage   ~541 Million Euro 
 
* estimate for agriculture: 0.50 Euro/m2. 
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5. Accuracy issues 
 
The accuracy of the assessment is the product of the accuracies and spatial resolutions of the 
datasets used as input in the damage estimation. There are a number of accuracy issues that should 
be taken into account in the interpretation of the results. 
 
 

Flood extent assessment 
Since the MODIS sensor has the resolution of 250 m, only large and well distinguishable flooded 
areas are detectable. It is not possible to delineate flood extent lines in the cities where much finer 
spatial resolution is needed (at least 5m). For example, flood extent in parts of Szeged could not be 
clearly detected. 
 
 

Water depth estimation 
The SRTM elevation data used here have been corrected by JRC to solve problems in mountain 
areas and fill in other areas without data. In the current version, the final product was produced 
without decimals (steps are used of 1m). In the next version of the SRTM corrected DEM – 
foreseen to be available in December 2007, this issue will be addressed and corrected 
 
 

Damage assessment  
In the CORINE 2000 dataset urban clusters with sizes below 25 ha are not mapped. This can lead to 
under-estimation of the total urban area affected, and thus an under-estimation of the direct damage. 
This accuracy can be improved by using land-use datasets with a finer spatial resolution.  
 
The damage produced by a flood event depends on several criteria: maximum waterlevel, flood 
duration, water flow velocity, sediments and bedload transported during the flood etc. This study 
uses solely the waterlevel as a basis for the damage estimation, since the other information is not 
available. Flood duration could potentially be obtained by including more satellite images in the 
analysis. . 
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6. Results improvement and future perspectives for new 
products 
 
This study uses readily available data sets and satellite images. However, several data products are 
under development that will likely increase the accuracy of the results obtained with this study. 
Furthermore, several research activities are ongoing at the JRC that could also lead to more accurate 
results and to the definition of new products. 
 
The following issues have been identified as subjects for further work: 

• The first issue concerns the resolution and accuracy of the available data sets. This affects 
several intermediate products such as flood extent, water depth and land use. 

• The second issue relates to the monetary impact of flood on property and assets. 
• The third aspect is more forward-looking and is about the capacity to furnish estimate of 

future potential damages in hot-spot areas of the EU+. 
 
While the solution to the first issue includes elements which cannot be tackled solely by the JRC 
since based on the availability of adequate satellite instruments, the second and third issues could be 
subject of further research at JRC. 
 

Flood extent assessment 
 
To obtain a more accurate estimation of flood extent outside urban areas, high spatial resolution 
satellite data are necessary. Ideally, pre- and post flood radar SAR data or optical SPOT data would 
be the best data (resolution 10-20m). These data should be acquired in systematic manner, so that 
they cover whole affected areas.  Potentially, the International Charter "Space and Major Disasters" 
(ESA, CNES, CSA, NOAA, CONAE, JAXA and USGS), should be used for this 
(http://www.disasterscharter.org/main_e.html ). The International Charter aims at providing a 
unified system of space data acquisition and delivery to those affected by natural or man-made 
disasters through Authorized Users. Each member agency has committed resources to support the 
provisions of the Charter and thus is helping to mitigate the effects of disasters on human life and 
property. 
  
For urban and built-up areas, even higher spatial resolution satellite data are need (ideally very high 
resolution satellite data – IKONOS etc - or aerial photography).   
 

Water depth estimation 
 
In this study, the highest resolution DEM available for a pan-European scale has been used: the 
SRTM with a spatial resolution of 100 m. In the processing of a first corrected version by JRC – 
used for several other purposes, the data were rounded down to meters. The next version with 
centimetre resolution is foreseen to be available at JRC in Dec 2006. This will also increase the 
accuracy of the damage estimate since there is a fast rise of the costs in the 0-1m water depth range 
 
Ideally, a Lidar type DEM is required to do these type of analysis with high accuracy. Lidar 
typically has a 10-20 cm vertical accuracy and a spatial resolution of around 5m. In the framework 
of GMES a product such as a pan European Lidar type DEM has been under discussion. To obtain a 
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more accurate water depth and flood damage assessment, this pan European Lidar quality DEM is 
strongly required. 
 

Land use 
For land use analysis, the current estimate has been based on the CORINE Land Cover (CLC), with 
a spatial (horizontal) resolution of 25 ha, i.e. with a ‘picturing’ window of 500 x 500 meters. The 
limitations of CLC for damage estimation are therefore obvious when more detailed information 
has to be retrieved (see Section 5). On areas of specific interest, the JRC has collected detailed land 
use data sets at resolution of 1 ha (100 x 100 meters) with an improved nomenclature and 
classification of land use categories. These data sets are stored in the MOLAND database which 
includes the area of the Tisza River Catchment. The MOLAND database is complemented with 
socio-economic data which could be useful of a more detailed impact analysis. The inclusion of 
additional areas (for example all regions of the EU+ at high risk for a given natural hazard) in the 
MOLAND database requires additional efforts and resources. 
 

Monetary impact 
More accurate economic loss estimation are feasible with proper damage curves. These curves 
quantify the damage as function of the water depth and of the characteristics of flooded area. The 
JRC has initiated a study to produce flood damage functions for all EU+ Countries. The functions 
will be differentiated by land use typologies. The outcome of this study shall be ready in mid 2007 
and at that point the JRC will be in the position of producing accurate flood damage estimations. 
That datasets and a more accurate land use layer (e.g. MOLAND) for the affected areas may 
produce a powerful tool for fast response and accurate flood damage estimations across EU. 
 

Forecast and scenarios of potential damage 
The capabilities developed at the Joint Research Centre also allow contributing to the preparation of 
the response to extreme events. Based on the wide availability of data and of modeling tools, the 
JRC has initiated the definition and construction of an integrated framework for the evaluation and 
prediction of risks at EU scale. Currently work is on going on the following subjects: 
- EU+ maps of risk induced by weather driven natural hazards, with estimation of exposure 

(based on physical assets and population) and vulnerabilities at NUTS-3 level. A first release of 
the maps have been achieved in 2005, further improvements are being performed. Although this 
map has a quite coarse resolution (1 km), it gives an quantitative measure of areas exposed to 
risk (e.g. flood). It is the basis for a potential new product, at higher resolution, which focuses 
on specific areas (e.g. river catchments in critical regions). 

- modeling activities to link meteo-climatic conditions to hydrological extremes (flood and 
drought). This activities is based on the hydrological model LISFLOOD which is turn is the key 
element of the European Flood Alert System, run quasi-operationally at the JRC since several 
years 

- modeling activities to forecast regional development as consequences of socio-economic 
scenarios. This is based on the MOLAND land use prediction model which allows analyzing the 
link between environmental catastrophes and regional development. The combination of two 
models MOLAND and LISFLOOD allows to predict flood risk area and therefore to perform 
ex-ante impact analysis (at both EU+ and regional scale) 

The overall aim is to define scenarios of European growth coupled with potential exposures to 
natural hazards to evaluate likely future impacts and also to advice on mitigation measures.   
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7. Conclusions 
 
From the analysis of MODIS satellite images for flood extent, SRTM elevation data, CORINE 2000 
land cover data and TELEATLAS data, it was found that a total of 96,365 ha was flooded in 
Hungary (964 km2). Of this 964 km2, 90,086 ha were covered with less than 1m water, 3725 ha 
with 1-2 m, and 2545 ha with more than 2 m water. 
 
It is estimated that 1326 ha of urban area was affected by the flood. 47,085 inhabitants are living in 
the flooded areas. Of these, 45,335 live in areas with an estimated waterdepth of less than 1m, 1100 
in flooded areas with waterlevels between 1 and 2 m., and 650 inhabitants in flooded areas with 
more than 2m waterlevel. 
 
Of the flooded areas, 92 ha is estimated to be with industrial or commercial use. 21,727 ha arable 
land was affected, 95 ha vineyards and 182 fruit tree plantations 
 
It was estimated that around 206 km of roads were affected and around 70 km of railways. 
 
A coarse direct damage estimate was obtained using depth-damage curves of the Meuse flood in the 
Netherlands in 1995, which obviously should only be used as a rough indication. 
 
The results obtained in this study demonstrate that estimate of damages is possible with the current 
availability of data. However, the estimate could be improved by optimising the selection of data 
and also by establishing a more dedicated framework dedicated to impact assessment and rapid 
damage evaluation. 
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Following the application of Hungary for the EU Solidarity Fund following the floods in April 
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The mission of the JRC is to provide customer-driven scientific and 
technical support for the conception, development, implementation and 
monitoring of EU policies. As a service of the European Commission, the 
JRC functions as a reference centre of science and technology for the 
Union. Close to the policy-making process, it serves the common interest 
of the Member States, while being independent of special interests, 
whether private or national. 
 

 

 

 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                              
 
 


