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Abstraet. The transboundary (Hungary-Romania) region of the Crisul/Koros
river basin suffers from frequent floods, which start in the mountainous
headwaters of the basin in Romania and propagate quickly to the plains in
Hungary. The NATO Science for Peace Progiamme has sponsored a project in
this region entitled Monitoring of Extreme Flood Events in Romania and
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Hungary Using Earth Observation (EO) Data. NASA also supports this project
by providing access to Radarsat and ASTER data and via grant funding to one
of the co-authors. The main goal of the project is to reduce flood risks in the
study area by improved flood management combining hydrological modelling,
EO data and GIS facilities; and, refining flood forecasting to ifcrease the
forecast accuracy and lead-times. The project is progressing well with an
expected completion in late 2005.

Keywords: Crisul Rivers, Earth Observation, flood manageent, floods, Geographical
Information System, Kords Rivers, Transboundary flooding

1. Introduction

The transboundary area of the Crisul Alb and Crisul Negro rivers flowing from
Romania into Hungary, where they are known as Kords rivers, is subject to
frequent flooding. Such floods originate in mountainous headwaters of the
Crisul/Kéros river system and propagate to the plains in the lower parts of the
watershed in Hungary'. Examples of recent floods in this transboundary basin

include those occurring in June 1974, July-August 1980, March 1981, Dec. .

1995-Jan. 1996, March 2000, April 2000 and April 2001. The two spring 2000
floods caused damage of more than $US 20 million on the Romanian territory”
- and the 1980 flood caused damage of more than $US 15 million on the Hungarian
territory’. '

Historically, there Has been a close co-operation between Hungary and
Romania in transboundary flood management in this area. Such a cooperation
is formalized by the bilateral Agreement for the Settlement of Hydrotechnical
Problems, which mentions specifically flood defence and hydrological and
meteorological data exchange as the major areas of cooperation. In practical
terms, the agreement is implemented by regular meetings of the working groups
from the Crisuri Water Authority in Oradea, Romania and Koros Valley District
Water Authority (KOVIZIG) in Gyula, Hungary2

Recognising the need for further improvement of flood management in this
transboundary area, an international team was formed, with representatives of
Hungary, Romania and USA, and proposed a project on “Monitoring of
Extreme Flood Events in Romania and Hungary Using Earth Observation (EO)
Data” to the NATO Science for Peace (SfP) Programme The proposal was
accepted by NATO and the 3-year project started in November 2002. The
paper that follows provides an overview of the SfP project and builds on an
earlier paper presented at the NATO workshop on Flood Risk Management:

i
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Hazards, Vulnerability, Mitigation Measures, which was held in Ostrov u Tise,
Czech Republic, in October 2004'.,

2. Study Area: Crisul/Koros Basin

The study area fepresenting the Crisul/Kords transboundary basin was
described in detail in the earlier overview paper [1] and only the most pertinent
data are repeated here for continuity. The total study area is about 26,600 km?,
of which 14,900 km® lies on the Romanian territory. The Romanian part
comprises mountainous areas (38%), hilly areas (20%) and plains (42%), with
about 30% of the catchment being forested. On the Hungarian side, the
catchment relief represents plains.

The annual precipitation ranges from 600-800 mm/year in lower parts of the
basin, and increases to over 1200 mm/year in the mountainots headwatérs. The
basin frequently experiences large precipitation amounts, with relatively high
rainfall mtens1t1es, and the frequency of such events seems to be increasing in
recent years®.

With respect to runoff generation and transport, there is a great difference
between high rates of runoff in headwaters and low rates of runoff in plains.
Runoff flood waves form rapidly in the headwaters and move quickly to the
plains in the lower part of the basin, which is charactefised by relatively slow
flows and a potential for inundation'.

A hydrometric network is well established in the study area, with 62
hydrometric stations on the Crisul Alb and Negm (and their tributaries); and a
being of particular of interest’.

Historically, flood management and particularly flood damage reduction has
been practiced in this basin by the respective authorities implementing various
structutal and non-structural measures. The Romanian area is defended by
dikes along the Crisul Alb and Crisul Negru Rivers and such dikes are designed
in various river sections for 50 of 100-year return periods. Other structural
flood protection measures include permanent retention storage facilities (total

volume of 34 x 10° m®) and temporary storage facilities (a total storage volume

of almost 80 x 10° m®)*.

In the Koros valley on the Hungarian territory, low plains are also protected
by flood dikes, and following the 1979 flood, construction of emergency
detentlon reservoirs started. Such reservoirs with a storage capacity of 19 x 10°
m’ are activated during floods by opening spillways in flood dikes. Detained
floodwater inundates areas with low-intensity agricultural activities and causes
limited damages®.
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3. SIP Project Objectives

The ultimate goal of the SfP project is to reduce flood risk and damages in the
study area by improved flood forecasting and flood defence, through the
following measures:

« Providing timely information on the watershed and floods, collected by
remote sensing, to a broad range of stakeholders;, and thereby i unprovmg the
efficiency and effectiveness of their action plans for flood defence®’

o Creating a database containing EO data, and hydrologlcal and
meteorological parameters related to significant flood events, for
establishing operational methodologies for detection, mapping and analysis
of floods and flooded areas.

« Developing a system for managing remote sensing data related to river
flooding, and combining the benefits of GIS, satellite data and hydrological
models.

o Providing updated maps of land cover/land use, hydrological networks and
thematlc maps indicating the extent of the flooded and flood- affected areas.

o Increasing the flood forecast lead time, by improved forecasting, and

thereby providing additional time for protecting the human life and property
in the study area.

« Providing a basis for restoration and rehabilitation of river courses adversely
altered by floods, and also for selecting structural flood protection works’.

« Delivering on NATO SfP programmatic criteria, including enhancing co-
operation among scientific personnel in the participating countries, training
young researchers, disseminating results to the international scientific

community, and transferring the tools developed in the study area to another

river basin.

Detailed descriptions of the SfP project objectives were presented

elsewhere'.
4. Progress Achieved Two-Thirds Through the Project

4.1. IMAGE PROCESSING FOR FLOOD ANALYSIS

EO images are widely used in flood analysis for producing catchment maps;
detecting water surface, s011 moisture, and inundated areas; and, assisting with
remote flow measurement®’. Thus, image processing is iniportant for flood
analysis and management. Towards this end, the SfP project team undertook an
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inventory and documentation of image processing methods, set up an
experimental image database, tested and evaluated processing methods,
initiated the selection of the best processing methods, and conducted training in
image processing'”. '

A database containing EO (Earth Observation), hydrological and
meteorological data felated to flood events was established to be used to test the
processing and analysis algorithms serving to establish operational
methodologies for detection, mapping and analysis of flooding. The database
contains information concerning the available raw satellite scenes as well as the
derived products, and makes it available in a simple format to the SfP project
research teams. At the Romanian National Meteorological Administration

- (NMA) all available raw images were copied on a new Linux file server which

can be accessed by the whole remote sensing and GIS group. The satellite
image database (SID), which is updated when new images are acquired, was
built in Microsoft Works and is available on-line.

4.1.1. Processing MODIS Data

MODIS (Moderate Resolution Imaging Spectroradiometer) is a key instrument
aboard the Terra (EOS AM) and Aqua (EOS PM) satellites. Terra MODIS and
Aqua MODIS view the entire Eafth's surface every 1 to 2 days, acquiring data
in 36 spectral bands, or in groups of wavelengths. The data available from
MODIS are highly suitable for flood warning and management, because they
are available in real time (or nearly real time), can be rapidly processed and
disseminated, cover a wide area, and are abundant and inexpensive'*.

The choice of the most efficient method for water identification and
mapping depends on the typé of satellite information (optical or radar) as well
as on the spatial resolution this information could provide. From the
operational point of view, during dangerous floods, preference is given to
simple and fast methods. Towards this end; a MODIS processing algorithm
was implemented in the RS and GIS team group of the NMA in Bucharest.
This algorithm allows extracting images of water bodies from the MODIS data,
MOD02QKM (250 m resolution) and MODO2HKM (500 m resolution). The
main steps for data processing are: (a) removal of the bow-tie effect from the
MODIS image, (b) importing the two types of MODIS data (HKM and QKM)
in ERDAS Imagine environment, (¢) re-sampling the HKM image to a-250 m
resolution, (d) resolution merging of HKM and QKM data to obtain an image
with three bands at a 250 m resolution, (¢) MODIS image geo-referencing using
an ASTER image, (f) performing the supervised classification in four classes,
and, (g) creating a binary mask by merging the three classes which differs from
water.
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The Hungarian. Meteorologlcal Service (HMS) has developed two methods for
credting the water mask using multi-spectral MODIS images®®. The first one is
an automated method, which is quick, but may misdetect some shadow pixels
and not detect some water pixels. Using reflectance (R) signals in the 0.87 and
1.6 um channels, optimum thresholds for separating water from shadows were
determined. The second method, referred to as a quasi-automated method, is
more accurate than the former one, but needs an interactive correction by
removing the misdetected cloud shadow vectors manually. The quasi-
automated method was developed by modifying the water mask equation and its
thresholds. Subsequently, the method was tested on MODIS images of the
spring 2000 flood on the Kords rivers, using images with proper solar zenith,
and bow-tie and geo corrections. After preparing the water mask raster image,
it was converted to vectors, and misdetected cloud shadow vectors were
removed manually. The new equations and thresholds, using both 0.87 and 1.6
pm channel reflectance data, were defined®”.

In applications of this method to the 2000 flood, water masks derived for six

- days from Apt. 9 to May 18, 2000, were visualized to demonstrate the variation
of the inundated area. Water masks were then overlaid on the land use map
(derived from an ASTER image) to demonstrate the extent of inundation.

4.1.2. Use of Satellite Radar Images in Water Extent Mapping

Radar images are more difficult to interpret than optical images, but are not
affected by cloads and can be therefore useful for flood mapping.
- Consequently, some radar processing techniques were also investigated to
. identify the most efficient one for flood inundation mapping. The satellite data
used were RADARSAT-1 Standard Beam, Full Resolution images from 1999,
2001 and 2002 and served to obtam a mosaic for the whole Romaman study-

using the dedlcated software ERDAS Imaglne version 8.6, ENVI version 4. 0,

as well as Ar¢GIS version 8.0. The main processing steps includéd: (a) data’

import, (b) geo-correction and re-projection in UTM / WGS 84, Zone 34, (©
“speckle” effect removal using various radar texture filters (Mean, Median,
Lee-Sigma, Local Region, Lee, Frost, Gamma MAP) with different window
sizes (3x3, 5x5, and 7x7), (d) supervised and unsupervised classification
procedures to identify water, and (e) create the water mask. The best water
mask was obtained using the Gamma MAP filtered image (5x5 size).
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42. DEVELOPMENT OF A DEDICATED SUBSYSTEM (DSS) BASED ON
REMOTE SENSING (RS) AND GIS

This subsystem serves to acquire, analyse and interpret data; manage data;
handle and prepare data for rapid access; update information; restore data, and
prepare value-added information’. The DSS system is based on both refnote
sensing and GIS, and its central platform (DSS server) was set up at the
Romanian NMA, where satellite data are received and processéd, and further
distributed. DSS also allows data exchange among the Project partners.

The Romanian team proceeded with developing a GIS for the entire
(Romanian) study area using cartographic maps (1:100,000) and updating such
information by recent satellite images (e.g., the hydrographic network, land
cover/land use) and field measurements (e.g., dike and canal network)’.
Towards that end, inventories of all meteorological and hydrometric stations,

. hydrotechnical structures (including dikes, drainage works, agricultural

drainage, irrigation systems, flood retention reservoirs, and polders) in the study
area have béen completed, and cross-sectional profiles of main river beds have
been measured in the field'.

The structure of the GIS database, represented by the spatial geo-referenced
information ensemble (satellite images, thematic maps and series of
meteorological and hydrological parameters, and other exogenous data), was
planned to serve the study objectives with respect to evaluation and
manageinent of information related to flood occurrence and development, and
the assessment of damages inflicted by floods. The final structure of the GIS
database contains the following info-layers:

 administrative limits (county and country borders);

o sub-basin and basin limits;

« land topography (90-metre DEM);

o hydrographic network, dikes and canals network;

« comrmunication way network (roads, railways);

« municipalities; ‘

. meteoroiogical station network, rain-gauge network, hydrometric station
network; and,

» land cover/land use, updated from satellite images.

The databases developed for the Romanian and Hungarian study areas have
been reprojected to the UTM (Universal Transverse Mercator), zone 34 (datum
WGS84) coordinate system.

For the most flood vulnerable area, situated in the plain of the Crisul
Alb/Negru, limited at its Eastern boundary by the Ineu-Talpos and at its
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northern boundary by the Crisul Repede basin, a more precise GIS database is
being developed using information derived from 1:5,000 and 1:10,000
topographic plans and supplemented by information obtained from field surveys
and satellite images. The structure of the GIS database for this area is similar to
the main database, but it contains more detailed infotmation for features like
dikes, canals and river networks.

The Hungarian team collected the digital maps of their study area, which
were derived from 1:100,000 scale topographic maps, and the ARCVIEW
shape files, and shared this information with the Romanian Team. Connections
of objects crossing the Hungary-Romania -border (e.g., roads, dikes, rivers,
canals, etc.) were verified and corrected at a working meeting of both parties.
The land covei/land use information in the topographic maps was derived from
the 1:100,000 scale CORIN database, which was developed from satellite
images collected from 1990 to 1992. Consequently, such information was
updated using (vectorised) ASTER images prepared in 2002-03 by HMS.
These maps will be further used in flood risk mapping.

4.3. INTEGRATED METHODS FOR FLOOD MANAGEMENT

In this task, a flood database was established for the study area (from the
Romanian and Hungarian national databases) and validated, maximum
discharges of various return periods were calculated, synthetic flood
hydrographs were developed, and land coverland use maps are under
preparation.

4.3.1. DEM Construction and Integration into the GIS Databdse

To develop a digital elevation model (DEM) for the study area, the shape and
elevation information, extracted from individual maps, were merged, corrected
and mterpolated1011 The main challenge in this task was the large volumme of
data to be considered in interpolations. Among the different interpolation
methods tested for this area, the Triangulated Irregular Network (TIN) method
was found the fastest but its output did not meet all expectations, mainly
because of the low energy of the relief, with elevations varying between 86 and
113 metres above the sea level. The best results were obtained with the Kriging
" interpolation method, which however was very demanding with respect to the
computing times. Consequently, the input data had to be divided into smaller
datasets interpolated separately. The results were merged into a five-metre cell
‘size grid with a sub-metric vertical accuracy. The final task was to procedurally
integrate dikes, canals and roads embankments into the digital elevation model.
The height or depth of these structures was obtained from field surveys or
conventional maps. The Hungarian team contributions were described in the




' FLOOD MANAGEMENT IN THE CRISUL-KOROS BASIN 9

Section 4.2, and were merged With the Romanian data m late 2004, Thus, a single
DEM for the study area has been developed.

4.3.2. Characteristics of Extreme Floods

The characteristics of extremie floods, i.e., peak flows, volumes and durations,
and their probabilistic distributions, are needed and were determined by the
Flow (Q)-Duration (d)-Frequency (F) method. The estimates of low-frequency
flood quantiles were produced by the GRADEX method, in which maximum
rainfall distributions are used to extrapolate hydrometric data®. For each flood
event, ‘characteristic flows were determined, partial-duration series of these
variables were fitted by the exponential law, and extrapolated to lower frequencies
by gradually replacing the flow distribution slope by the rainfall gradex, as
reported earlier’.

4.4. METHODOLOGIES FOR FLOOD FORECASTING

In preparation for hydrological modelling of the study area, metadata files were
prepared as described below.

4.4.1. Metadata File

Metadata are the definitional data that provide information about, or
documentation of, other data managed within an application or environment.
For example, metadata would documient information about: (a) data elements or
attributes, (name, size, data type, etc.), (b) records or data structures (length,
fields, columns; etc.), and (c) data themselves (where they are located, how are
they associated, ownership, etc.). Metadata may include descriptive
information about the context, quality and condition, or characteristics of the
data. :

The use of metadata files to describe the GIS database for the study area in
the Crisul/Kords basins provides a common set of terminology and definitions
of geospatial data for the following topics:

« Identification_information: basic information about the data set (title,
geographic area covered, rules for acquiring or using the data).

o Data quality information: assessment of the quality of the data set
(positional and attribute accuracy, completeness, consistency, sources of
information, and methods used to produce the data).

« Spatial data organization. information: the mechanism used to represent
spatial information in the data set (the method used to represent spatial
positions directly, such as raster or vector, and indirectly, such as basin or-
county codes, and the number of spatial objects in the data set).
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« Entity and attribute information: information about the content of the data
set, including the entity types and their attributes and the domains from
which attribute values may be assigned (names and deﬁmtmns of features,
attributes, and attribute values.

« Distribution information: information about obtaining the data set (location
of the data, and available formats). ‘

4.4.2. Hydrological modelling

Two types of hydrological models are used in the project — a flood forecasting
model VIDRA on the Romanian territory and the output hydrographs from this
model will be routed in the Hungarian part of the basin by the HEC-RAS model
of the U.S. Army Corps of Engineers (HEC-RAS: Hydrologic Engineering
Center - River Analysis System). The VIDRA model® simulates the rainfall-
rinoff processes takmg place in a watershed by conducting the following
computations':.

« Sub-basin snowmelt estimation, using the degree-day method;

« Computation of the average rainfall in each sub-basin, by weighting the
fainfall and snowmelt data measured in the meteorolo gical network;

« Calculation of the effective rainfall over each sub-basin by subtraction of
infiltration and evapotranspiration abstractions from the average water
inflow, using the deterministic reservoir model PNET;

o Integration of the effective rainfall on hill slopes and in the primary river
network, which results in runoff hydrograph formation in each sub:basin,
using the instantaneous unit hydrograph as a transfer function of the
hydrographical system;

« Superposition of the flood waves formed in each sub-basin and their routing
along the main river channel using a non-linear model based on the
analytical solution of the Muskingum method; and,

« Flood wave attenuation through reservoirs, using a reservoir co-ordinated

operation method.

The hydrographs, computed by the VIDRA model, will be inputted into the
HEC-RAS model, which can model steady and unsteady hydraulic/hydrologic
phenomena, taking into consideration a wide range of options, including the
following;

o compound river bed cross-sections (main channel and floodplain),
& bridges, sluice weirs, side weirs, and other structures,

o reservoirs,
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» horizontally and vertically changing roughness coefficients, and
« morphological effects (bending, joining and diffusing channels, etc.).

The input time series comprises discharges at the upstream end and stages at
the downstream end of the river system. Computed results may . be
demonstrated in tabulated, graphical and animated forms. The animation form
is particularly effective for introducing complicated physical processes to the
decision makers and the concémed public.

So far, the geometry of the river bed and the hydraulic parameters have
already been entered into the model, and the model is being calibrated and
tested. In the next phase, different flood scenarios will modelled and evaluated
for assessing the most critical flood situations.

4.4.3. Calibration of the VIDRA Model for the Crisul Alb and Crisul Negru
River Basins for Major Rainfall — Runoff Events

The calibration process for the VIDRA model conducted in the SfP project
includes the following steps: (a) Basin discretization into homogenous units
(sub-basins) and the river network into homogenous reaches (sectors); (b)
estimation of the initial model parameters using the parameter generalization
relationships; and, (c) the overall model parameters calibration using the
historical database with major rainfall-runoff events.

The overall calibration of the VIDRA model parameters has been achieved
by comparing the modelled values with the measured ones for the following
variables: discharge hydrographs: the maximum discharge, Qg and the time of
its occurrence (at the hydrometric stations); the flood volume W;; the depth of
runoff h; and, the runoff coefficient, ¢, defined as the ratio between the depths
of runoff and precipitation for each sub-basin.

The criteria of agreement between the modelled and measured values were
chosen as the relative error, the Nash coefficient and the time interval between
Orax observed and Q,.,, simulated. One such comparison between modelled
and measured hydrographs for the Crisul Alb River at the Chisineu Cris
hydrometric station is shown in Fig. 1.
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Flgure 1. The recorded (full line) and sifhiilated (dotted line) hydrographs for the Crisul Alb
River, at the Cisineu Cris gauging station (The vertical axis shows the percentage of the
maximum discharge of 258 m’/s, the horizontal axis shows a number of computational time steps
At=3h) -

4.4.4. Assessment of the Parameters Derived from Images and the GIS
Database

Four parameters used in hydrologic modelling for individual sub-basins are
derived from satellite images and the GIS database: mean elevation, mean
slope, soil texture and the forest cover coefficient. For gauged stations, the
information from the GIS database -and the hydrological database is merged and
used to derive generalized relationships, which are then used, in conjunction
with the GIS database, to estinate the initial model parameters for the ungauged
sites. '

4.5. NEW SATELLITE-BASED APPLICATIONS AND PRODUCTS

Various supervised and unsupervised classification procedures have been tested
on ASTER data to produce land cover/land use maps. The resulting classes
were finally grouped into eight classes: forests, pastures, winter crops, summer
crops, municipalities, orchards, bare soils and water. The municipalities were
digitized as an info-layer and overlapped onto the classification. For the Crisul
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Alb and Negru basins and the Hungarian study area, the classified images have
been merged and mapped in UTM projection, WGS 84, Zone 34 N.

4.6. PROGRAMMATIC OBJECTIVE ACHIEVEMENTS

So far, good progress has been achieved towards meeting the programmatic
objectives®. Project visibility is maintained through a number of presentations
at various international meetings and the project web site. There are about 15
young scientists working on various project tasks at the five agencies involved.
Also, staff members have been trained at the Dartmouth Flood Observatory
(USA), DHI (Denmark), and elsewhefe. Delivefies on other objectives are

* being planned.

5. Concluding Observations

The NATO Science for Peace Programme is an important mechanism for
supporting scientific research in the transition countries of Central and Eastern
Europe. The project on floods in the transboundary region of Hungary-
Romania fits well the objectives of the SfP programme, with respect to its focus
on research with high societal value (protection of human life and property),
conduct of leading-edge research in terms of Earth Observations and their use
in flood management, enhancing collaboration between the neighbouring
countries and others, and fostefing collaboration among international experts.
The progress achieved so far holds promise of successful completion of this SfP
project.

vy
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Overview of the NATO Science for Peace Project on Management of
Transboundary Floods in the Crisul-Kérés River System

Marsalek, J., G. Stancalie, R. Brakenridge, M. Putsay, R. Mic and J. Szekeres

Abstract

The transboundary region of the Crisul/ Koros river basin (Hungary-Romania) suffers

from frequent floods, which start in the mountainous headwaters of the basin in Romania

and propagate quickly to the plains in Hungary. The NATO Science for Peace

Programme has sponsored a project in this region entitled Monitoring of Extreme Flood
Events in Romania and Hungary Using Earth Observation (EO) Data. The main goals of

the project are to reduce flood risks in the study area by improved flood management

combining hydrological modelling, EO data and GIS facilities; and, refining flood

forecasting to increase the forecast accuracy and lead-times. The project is progressmg

well with an expected completion in late 2005.










