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Abstract

For each of the simulation models that will be used in the framework of the ANFAS project, data needs are summarised. Data survey, analysis and processing for simulations models are carried out for the project pilot sites. 
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Part I: Executive summary

Deliverable D3.1b represents extended version of Deliverable D3.1a (Data needs and sources for simulation models – Intermediate), which was updated, based at the actual state in the modelling part of the ANFAS project.

The numerical models play a key role in the ANFAS system. They enable evaluation of different simulated scenarios, from the viewpoints of hydraulic parameters, flood damages, impacts at the environment and man. Based at the results, it is possible to estimate economical consequences, as well as to propose suitable measures for the mitigation of impacts.

It was decided, that both 1-dimensional (1D) and two-dimensional (2D) models will be applied in the frame of the ANFAS project. The models require large amount of input data, which have to be collected, prior to the final model setup. Collecting data usually represents the most time consuming step in the modeling process. The quality of input data significantly influences the quality of model results. Another sets of data are needed for the calibration and validation of models. 

Three selected pilot sites differ significantly in hydrological and hydraulic characteristics, area, in the complexity of problems to be solved and in the quality and availability of input data.

The report presented deals with the basic description of data, which are needed for the numerical models. The general data needs of the models, which are going to be applied in the frame of project (SMS/FESWMS, CARIMA), are summarized here. On the other hand, it was also necessary to focus at the available data sources for the pilot sites. The data sources – topographic, hydrological, hydraulic, land cover, calibration and validation data are described here, for all three pilot sites.

Part II: Data needs and sources

II.1 Data requirements for flood modelling

II.1.1 Overview

Collecting data can be the most time-consuming step in numerical modelling, depending on data availability and extent of model area. In general, the following data should be collected:

· bathymetric data, describing topography of the model area,

· boundary data,

· wind data (optional),

· information on the bed resistance (roughness),

· calibration and validation data.

Based at the data collected, it is possible to set up the numerical model. It means transforming real world events and data into a format, which can be understood by the numerical models. All the data collected have to be resolved on the spatial grid selected and in time with the time step selected. 

After preparing all the above mentioned data sets, the model is almost ready for the run. Specification of time step and simulation time is the last step. The time step of computation should be small enough (usually seconds), in order to avoid numerical instabilities. When specifying simulation time, user has to take into account travel time of water in the model area (a time, in which water travels through the model – from upstream to downstream boundary), additional „warm-up“ time, necessary for the setting of initial conditions into correct values and proposed real time of simulated event. At the end, user specifies frequency of storing the output results, in order to avoid creation of too large result files, which can occupy a lot of space at the computer disk.

After completion of above mentioned steps, the model is ready to the calibration and validation procedure. The purpose of calibration is to tune the model in order to reproduce satisfactorily known – measured conditions for a particular period – calibration period. The calibrated model is then validated by running one or more simulations, for which measurements are available, without changing any calibration parameters. This should ensure, that simulations can be made for any period similar to the calibration and validation periods with satisfactory results. The calibration and validation periods should include different discharge situations, in order to have model reasonably calibrated in the widest range possible, taking into account simulated scenarii. The results of the first calibration run – simulated water level, velocities and discharge distribution are compared with the measured ones. Definitely, there are a differences. The purpose of calibration procedure is to minimize these differences, into negligible values. Because of this reason, user changes model parameters in the next calibration runs. The most frequently used calibration parameter in the hydrodynamic simulations is the roughness, which influences results very significantly. The other calibration parameters can be bathymetry, boundary conditions, wind friction, eddy viscosity. After several calibration simulations and succesful validation runs at different conditions, the model can be considered well calibrated and ready for the simulation of various scenarii, which are the subject of given study or investigation. The output files of simulations usually contain huge amount of data, which have to be checked, presented and visualized. 

Topographical data

Preparation of bathymetry file is the most important task and usually also the most time-consuming. In the models, topography is schematized in the grid of nodal points, which can be either regular, or irregular. Each nodal point is defined by the (x,y,z) coordinates, z being either the altitude, or the depth of given point below the selected reference level. Import of an GIS files, or ASCII files in the specific prescribed formats is usually possible. This group of data is the most important from the viewpoint of model setup. It significantly influences the results of modelling. Based at the selected type, the form of input topographical data differs. In the 1-D models, river system is schematized by the network of cross-sections, which cover both the river channel and the floodplains. In 2-D models, topography of the model area is schematized in the mesh of computational points, which can be either regular or irregular.  

Data, describing the roughness conditions

Roughness is the parameter, which significantly influences simulation results. It has to be specified in every nodal point of computational grid (matrix file of roughness values). Overall values of roughness can be derived from the measurements of water levels in the model area under different discharge conditions in the past. In the case of large model area, the estimate of roughness can be based at the aerial photos. From them, it is possible to identify different types of vegetation and land use, which also differ in the roughness values. In the literature, one can find a lot of recommendations for the selection of resistance value. The Manning roughness coefficient is used in the models. It is also possible to use constant value of roughness in the whole model area. Such an approach is applicable in the areas of uniform bed or land cover, like reservoirs, etc. and also for the first rough estimates. Roughness values are usually used as a calibration parameter. Comparing with the terrain altitude, roughness cannot be measured exactly. Anyway, there exist recommendations, what values should be used for a different conditions, based at river bed substrate, type of vegetation, land use, etc.

Hydrological data

The hydrological data will be used for the overall evaluation of the model area from the hydrological viewpoint, calibration and validation purposes and last, but not least for the definition of scenarios, which will be computed.

Wind data

The wind conditions can be specified in a different ways. The basic wind parameters are wind direction and wind magnitude. They can be included in the calculation as either constant or varying in time and space. Wind can play important role in the large reservoirs or extensive flat lowland areas.

Boundary data

The open boundaries indicate the places of water inflow or outflow to/from the model area. As the unknown variables are water surface elevation and flux densities in the x- and y- directions, the user has to specify two of these three variables in all grid points along the open boundaries at each time step. In most cases, user knows the water surface elevation or the total flow through the boundary, possibly also the flow direction. Both water level and discharge at the boundary can be specified as either constant (steady flow) or time varying (unsteady flow). In the case of unsteady flow, boundaries are given in the form of time series. The direction of flow through the boundaries should be perpendicular to them, but it is also possible to specify flow direction individually.

Calibration and validation data

In the process of calibration and validation, the basic results of computer simulations (water level, discharge hydrograph, flow velocity) are compared with the data, which have been recorded, or observed „in-situ“ – in the past real situations.

II.1.2 Models used in Europe

CARIMA

CARIMA/SOGREAH is a generalised flood routing model. The governing equations of the model are the complete one-dimensional Saint-Venant equations, which are coupled with internal boundary equations representing the rapidly varied flow.

This model considers the river as a one-dimensional system and floodplains as a “basins”' which can be linked with the river.

CARIMA/SOGREAH need three inputs files used respectively by three executable files:

- Geometric file, which gives geometric description of the river.

- Hydraulic file, which lists hydraulic data (initial conditions, boundary conditions, etc.)

- Graphic file, which determines outputs to be printed.
To make the adaptation of a river with CARIMA/SOGREAH we need to obtain several types of data:

· A set of cross-sections, which represent a profile of the river, defined by its geometry and its roughness characteristics. This set allows to describe the geomorphology of the river. The number and location of these cross- sections have to be adapted to reproduce the river flow.

· A DTM (precise topographic maps could be sufficient) to create a set of basins describing the floodplain (hydraulic expertise is necessary at this step of the modelling process).

· A hydraulic expertise to determine the location of the places, where the river could overflow, in order to know, what kind of hydraulic links we can implement in CARIMA/SOGREAH.

· The geometry of hydraulic structures, that we want to take into account in CARIMA/SOGREAH.

· Water surface elevations and flow rate for the establishment of boundary conditions and the model calibration and validation

These entries will allow the construction of CARIMA/SOGREAH input files.
FESWMS

FESWMS-2DH is a shortcut for the Finite Element Surface Water Modelling System: 2-Dimensional Flow in a Horizontal Plane. This is a hydrodynamic modelling code, which supports both super and sub-critical flow analysis, including area wetting and drying. Both steady state and transient solutions can be performed with FESWMS. The effects of bed friction and turbulent stresses are included, as are optionally, surface wind stress and the Coriolis force. FESWMS model allows users to include weirs, culverts, drop inlets, and bridge piers in a standard 2D finite element model. 

To run FESWMS, the data files, which define the boundary conditions, material properties and finite element mesh information, are needed. SMS supports both pre- and post-processing for FESWMS. SMS is a comprehensive environment for one-, two-, and three-dimensional hydrodynamic modelling. The software is a pre- and post-processor for surface water modelling, analysis, and design. It includes two-dimensional finite element, two-dimensional finite difference, three-dimensional finite element and one-dimensional backwater modelling tools. Comprehensive interface is available for facilitating the use of the Finite Element Surface Water Modelling system (FESWMS).

SMS pre-processing facilities will be used to design the finite element mesh, define all boundary conditions and governing material properties. 
 Data needs for the design of a FESWMS model could be summarized as follows:

· Ground surface elevation in order to assign elevation value to the nodes of the finite element network

· Hydraulic structures dimensions, to assign structures parameters in the layout of the network.

· Channel and surface characteristics for the evaluation of the bed friction and the eddy viscosity. 

· Water surface elevations and flow rate for the establishment of boundary conditions and the model calibration and validation.

II.1.3 Models used in China

II.2 Survey of available data for pilot sites

II.2.1 Overview

Each model represents a specific representation of the natural phenomena in a specific natural conditions. Various approaches and advanced technologies have been applied at the three pilot sites in the processes of model construction. Some of them were similar, some site specific. The next paragraphs give a brief summary of data sources, which have been used in the three pilot sites. 

II.2.2 Inventory of data sets for the Vah pilot site

II.2.2.1 Data for model input

a- Topographic data

At the beginning of the ANFAS project, topographic data available in the Vah pilot site were not of sufficient quality and quantity for the setup of reliable 2D model. Therefore, it was decided, that the digital terrain model (DTM) has to be produced in the frame of the project. The laser-scanner (LIDAR) technology was applied, there. The field campaign, as well as further data processing, were performed by the GEODIS Slovakia company [Project Documentation “Vah”, Reference number: A01-070, GEODIS Slovakia, Ltd., July 2001]. The area of interest for the laser scanning was determined by the WRI in cooperation with the VRA. The campaign was flown with the helicopter D-HORG by Rotorflug, Friedrichsdorf, Germany. It took four flights to cover the area of interest, in the period of 12th-13th May 2001. For the controlling purpose, one cross-strip has been flown. The average flying height of helicopter was 850 m above the ground. The TopoSys-Scanner Dornier was used for the laser scanning. The GPS reference station at the ground was used for the calculation of helicopter flight path. The processing of digital GPS data was done with the software packages PosGps V 3.0, Waypoint Consulting Inc. It was necessary to transform obtained data from WGS84 to the local co-ordinate system. This work was performed by GEODIS, too. Data were processed in the grid of 1 m spacing in the Digital Surface Model (DSM), which contains height information of buildings, vegetation, terrain and others. Noisy pixels were removed by filtering. DTM for the 2D modelling was derived from the DSM by further filtering. It represents real terrain, without vegetation, buildings, etc. Several quality check procedures have been performed by the GEODIS company. Finally, it has been stated, that the absolute accuracy of 0,5 m in location (Easting, Northing) and 15 cm in height (altitude) were reached and proofed. The DSM and DTM were delivered to the customers (WRI, VRA) on a CD, containing the model “Vah”. Data were sorted into the files of 2000x2000 m in size. The DSM was also visualized in the *.tif files. The figure 1 illustrates part of visualized DSM in the model area.
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Fig. 1: Part of visualized (“tif” file) DSM in the pilot area

The LIDAR scatter point data (“xyz” files) were imported into the FESWMS and then interpolated (“z” values) into the computational mesh. The LIDAR data were compared with the measured cross-sections. The discharge in the Vah river channel during the laser scanning was very low (around 5 m3.s-1). The differences between the measured cross-sections and the LIDAR cross-sections (influenced by the reflection from the actual water surface) were small, therefore it was decided not to combine LIDAR data with the topography data, derived from the measured cross-sections by the interpolation. The part of model topography, based at LIDAR data is given at the figure 2. Absolute elevations in the model area were transformed into the relative ones, based at the “zero” level of 280,00 m a.s.l., which corresponds to the maximum operational water level in the Nosice reservoir.
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Fig. 2: Part of the model topography

b- Hydrological data

The flood discharges for the Vah river and its main tributaries in the pilot area or closely upstream from the Hricov weir are given in the table 1, according to the data of the Slovak Hydrometeorological Institute (SHMI).

Table 1: Flood discharges in the Vah pilot site 

	River
	Profile
	QT (m3.s-1), T – return period in years

	
	
	1 year
	5 years
	10 years
	20 years
	50 years
	100 years
	1000 years

	Vah
	Hricov weir
	835
	1500
	1740
	1960
	2280
	2450
	3500

	Kysuca *
	Kys. Nove Mesto
	250
	450
	540
	640
	780
	900
	1300

	Rajcianka *
	Zavodie
	40
	87
	110
	135
	170
	200
	280

	Varinka *
	Straza
	34
	75
	100
	130
	180
	230
	360

	Petrovicka
	Bytca
	10
	27
	37
	47
	62
	75
	120

	Papradnianka
	Jasenica
	11
	31
	41
	53
	70
	85
	135

	Domanizanka
	Precin
	6
	19
	27
	35
	50
	62
	100


Note: 

* - tributaries upstream from the Hricov weir

The maximum observed historical flood discharges, uninfluenced by the hydraulic structures at the Vah river were as follows:

· 3800 m3.s-1 in 1813,

· 2300 m3.s-1 in 1903 and

· 2050 m3.s-1 in 1925.

Another two significant flood events occurred here during the construction of the Hricov weir in the years 1958 and 1960, with the values of peak discharge 2360 m3.s-1 and 2530 m3.s-1, respectively. From the SHMI database we have also obtained recorded hydrographs (time step of 1 hour) and peak discharges of several flood waves in the profile Budatin (closely upstream from the Hricov weir, gauging station currently not in operation). These flood hydrographs are given at the figure 3. 

[image: image2.jpg]



Fig. 3: Selected historical flood waves  

c- Hydraulic data

The model has one upstream inflow boundary, where the discharge is specified. It is located below the stilling basin of the Hricov weir. Inflow to the model area is identical with the discharge, released to the Vah river channel through the Hricov weir. At the Vah River Authority (VRA), there are available operational records from the past real manipulation at the Hricov weir, as well as operational rules, which cover whole range of possible hydraulic and hydrological situations. As an example, the manipulation during the July 2001 flood can be given – see figure 4.

The other lateral inflow boundaries can be specified in the locations of tributaries. As it can be seen from the Table 1, contribution of tributaries is very low. The situation of simultaneous occurrence of Q100 at the Vah and at its tributaries is of very low probability, based at the genesis of floods in the Vah river basin. Therefore, in the basic setup of model, tributaries were not taken into account. At the end, model will also take into account lateral inflows. The downstream – outflow boundary is situated close to the road bridge in Povazska Bystrica. Water level here is influenced by the operation of the Nosice dam. 
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Fig. 4: Operational record of the manipulation at the Hricov weir

Specification of initial conditions in the model area is a difficult task. In principle, we applied two different approaches in the simulations:

· Constant water level in the whole model area, unrealisticly high at the beginning, slowly decreasing.

· Initial water levels, obtained by the interpolation of 1D model results into the computational mesh.

The latter approach helped the model in faster convergence.

d- Structures governing flow patterns

There are several important structures in the model area, which influence flow pattern. The floodplains of model (border of the model area) were determined by the digitizing of dykes, roads, railway and other significant line structures (some of them as a shape files from the VRA). For the scenario with the designed highway, also the layout of highway will be important. Another significant structure in the model area is the road bridge in Bytca, also from the viewpoint of future highway trace, as it will decrease the flow capacity of the profile. The sketch of this profile is given at the figure 5. 
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Fig. 5: Sketch of the bridge cross-section with the designed highway

e- Land cover data

In the frame of ANFAS project, various sources were used in the Vah river pilot site, in order to identify roughness conditions:

· Aerial photographs of the model area, processed by the GEODIS company into the orthophotomaps.

· Scanned paper maps of the model area (scale 1:10 000).

The following table 2 was used in assigning the values of Manning´s roughness coefficients for a different land cover polygons.

Table 2: Recommended values of Manning´s coefficient for a different land cover

	TYPE AND DESCRIPTION OF CHANNEL
	MANNING´S n

	
	Min
	Max

	NATURAL CHANNELS OF A LARGE RIVERS

	Regular cross-section without boulders or bush
	0,025
	0,060

	Irregular, rough cross-section
	0,035
	0,100

	FLOODPLAINS

	1. PASTURES WITHOUT BUSH

	Low grass
	0,025
	0,035

	Higher grass
	0,030
	0,050

	2. AGRICULTURAL FIELDS

	Without corn
	0,020
	0,040

	Standing corn
	0,035
	0,045

	Laid corn
	0,030
	0,050

	3. BUSH

	Scattered bush with dense weed
	0,035
	0,070

	Thin weed
	0,035
	0,080

	Dense weed
	0,045
	0,160

	4. TREES

	Dense willows
	0,110
	0,200

	Area of cut trees, with trunks left
	0,030
	0,050

	Forest with bush
	0,080
	0,160


II.2.2.2 Data for model calibration and validation

The following data are used in the calibration and validation of model in the Vah river pilot site:

· Operational records at the Hricov weir (upstream model boundary) in the time step of 1 hour – discharge released into the power canal and Vah river channel. Similar records (including water level in the reservoir) are available at the Nosice dam (downstream model boundary).

· Selected records of the Vah river water level in the gaging station near Povazske Podhradie, which is operated by the VRA.

· Historical flood waves hydrographs.

· The water level marks of the significant floods from the past at single points (usually bridges), which have been measured geodetically by the WRI.

· Water level marks, measured in the model area by the WRI, during the period of ANFAS project .

II.2.3 Inventory of data sets for the Loire pilot site

II.2.3.1 Data for model input

a- Topographic data

Topography is an essential component of the hydraulic modelling effort. In fact, specially 2D modelling requires an accurate description of terrain. For the construction of the CARIMA model, the topological discretization (river cross- sections, floodplain basins and hydraulic links) was available from previous HYDRA analysis. 
a.1- Floodplain geometry

· BDAlti DTM: BDAlti is a IGN (National Geographic Institute) database available at the French territory. It comes from the digitisation of the form lines input or 1/25000 or 1/50000 maps. The horizontal resolution is 50 meters and the vertical accuracy is above 1 meter. These data are available in raster format and were transformed into a set of scatter points (x, y and z coordinates).  

· Aerial Photogrammetry DTM: This DTM was ordered for 128 km² of the floodplain and was realized using black and white aerial photography. Then stereopreparation and aerotriangulation were carried out before the determination of the final DTM obtained by compilation using metric camera. The compiled data contain the form lines, lines of break slope, lines of greatest slope, characteristic spot heights of the area, the hydrographic network, the road network and spot heights at the toe and crest of the levees. The data consists of a set of scatter points with the horizontal resolution of 20 to 25 meters and a vertical accuracy of 0.2 meters.

· Interferometry DTM was extracted from four ERS interferometry radar images obtained in August and October 1999. The XY resolution is 12,5x12,5 m. 

· Surveyed cross-sections: They were collected along roads or railways crossing the floodplain. Some of them are available only in paper format. The spatial distribution of the surveyed cross-sections available in numerical format is given in orange in figure 6.  
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a.2- Channel geometry

Channel cross sections were collected during a ground survey carried out by a geometer.  This data will be used in combination with photogrametric DTM which provide the water surface elevation during plane survey. The spatial distribution of the ground surveyed cross sections is given in yellow at the figure 7.
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b- Hydrological data

The basic hydrological data, like statistical discharges, basin areas, rating curves, etc. are available in the model area. Six basic scenarios for the simulations were defined, too. The return periods of these flood discharges are 50, 70, 100, 170, 200 and 500 years. The detailed hydrological study, dealing with designed hydrographs for various combinations of flow in the main channel and its tributaries, has been previously prepared by the French Water Agency.

c- Hydraulic data

The hydrographic network (available is GIS format) provide a 2D representation of the watersheds concerned by this study. For the assignement of the boundary conditions, HYDRA model computational results are available for extended area. 

d- Structures governing flow patterns

Surveys results (x,y,z files) and/or design drawings, hydraulic characteristics of man made structures are available. On the area, shape files are available for the main hydraulic structures which are:

· roadway embankments (or levees): along all the watercourse (at least on one side of the Loire river). For the time being, only the horizontal position of the levees is available. Scatter points will be available with the coming accurate DTM.

· lateral weir surmounted by earthen fuse plug: ~1200 meters long, weir with a 5,30 meters concrete fixed crest surmounted with a 1 meter earthen dam (total height of the structure is 6,30 meters, measured from the lowest water level). The spillway plug (earthen dam) is made to erode and provide full flow area when it is overtopped. After the earthen dam failure the operation of the weir occurs to break the energy line of the flood wave. For this structure a set of surveyed longitudinal and transversal cross- sections were collected by geometer.

In addition, design drawings are available for hydraulic gates which exist along the Bonnée reach (drainage stream).

Moreover, from One RADARSAT image, taken in November 1997, with the XY resolution of 6.5x6.5 m, features like roadways, railroads and dykes were extracted. 

e- Land cover data

The database of roughness values is available from the previous studies in the model area and it can be enlarged by the processing of orthophotomaps and satellite  images.Thus, identification and classification of land use was carried out using: 

· Two SPOT images with the XY resolution of 10x10 m, taken in September and October 1997

· One RADARSAT image, taken in November 1997, with the XY resolution of 6.5x6.5 m
· Two ERS images with the XY resolution of 12.5x12.5 m, taken in the flood event in November 1996
SPOT image allows precise analysis and automatic classification was performed using ERS. Moreover, RADARSAT image permit the extraction of high reflecting aeras like water and urban zones.   

II.2.3.2 Data for model calibration and validation

The following sources can be utilized in the model calibration and validation:

· Observed longitudinal profiles of the river water level, observed variation of discharges and water level as a function of time, are available for recent flood events : in 1982 (10 years return period), and in 1992, 1994, 1996 and 1998 (less than 5 years return period).

· Paper maps with the contours of maximum extent of flooding, for the historical flood event, with return period of more than 1000 years, which occurred here in 1846. They can be used for calibration of the floodplain, knowing neverthless that the land use has changed a lot since the last century. 

· Sets of calibration parameters, given by the Plan Loire Grandeur Nature, which come from a previous numerical 1D+basins model of the entire Loire river

· The results of this previous model (water level in the flood basins, water level and discharge in the river channel, etc.) will be used as validation data for the CARIMA model.

II.2.4 Inventory of data sets for the Yangtze pilot site

Topographic data

Floodplain geometry

Channel geometry

Hydrological data

Hydraulic data

Structures governing flow patterns

Land cover data
Part III: Conclusions 
Fig. 6: Photogrammetry DTM a) and BD Alti DTM b) for the same area.
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Fig. 7: Location of floodplain and river cross sections
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