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1 INTRODUCTION 

1.1 THE FLOODGUARD PROJECT 

The project focuses on the challenges of flood risk management via integrated actions for joint coordination 

and responsiveness to flood risks in the Cross-Border (CB) area of Greece and Bulgaria. This area is vulnerable 

to climate change and its negative impacts, which needs adequate coordination for cross-border 

management. The territories covered by the project need to increase significantly their adaptive capacity to 

climate change, i.e., the international river basins of the cross-border rivers - Strymon-Struma, Nestos-Mesta, 

Ardas-Arda and Evros-Maritsa. The effective management of flood risks is of high importance and affects high 

number of population and surface area. The project actions are directly oriented to joint coordination of five 

flood risks management plans (FRMP) for international rivers - two plans for Bulgarian territory (FRMPs of 

East Aegean and West Aegean) and three plans for Greek territory (FRMP of Eastern Macedonia, Thrace 

Water District and Evros river). 

The project, which started on Apr 01, 2019, has as a main objective to strengthen the capacity of authorities 

to ensure effective, integrated joint coordination and responsiveness to flood risks in the CB area. The project 

addresses different aspects of flood risk management in order to provide integrated results and the following 

sub-objectives have been defined: 

(1) introducing a joint institutional approach for assessment, planning, prevention and fighting against floods 

of authorities; 

(2) increasing the technical and administrative capacity of civil protection services for joint actions in the field 

of preparedness and response in cases of floods; 

(3) introduction of effective information exchange structures and systems for flood risk assessment, 

mitigation and management; 

The project introduces the latest achievements in information systems and will add value by combining the 

capacity, planning and future development of national policies from the two countries in the field of flood 

risk management. 

The objectives for improved administrative capacity will be achieved through provision of training facilities 

and joint trainings of first responders, supply of equipment and training software, as well as elaboration of 

bilateral standards and operational procedures for actions in cases of floods. The introduction of a joint 

institutional approach for flood risk management will be achieved through the establishment of a Joint 

Working Group for prevention and reaction in cases of floods. Introduction of effective information exchange 

structures and systems for flood risk assessment, mitigation and management will be achieved through 

development of data collection, analyses and assessment tools, as well as development of information tools 

and structures for flood risk mitigation via GIS functionalities, early warning systems, transfer lines, flood 

forecasting systems, development of a common regional database management system. 
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1.2 SCOPE OF PRESENT REPORT 

The FLOODGUARD project is embedded in the efforts to develop the proper tools for alarming and mitigating 

the risk of floods in the CB area. This part of the report focuses on the transboundary basin of Evros-Maritsa 

(Figure 1-1Figure 1-1). 

 

Figure 1-1. Study region (yellow marks the boundaries of Evros/Maritsa hydrological basin). 

This report describes the development of a hydrological model for the Evros/Maritsa basin completed as part 

of the development of an operational flood early warning system. 

The semi-distributed hydrological model HYPE has been set-up and calibrated using discharge data from 

Bulgaria, Greece and Turkey for the period 2020ς2022 at a total of 31 gauging locations. Explicit 

representation of reservoir regulation has been included at 11 locations. The model shows good performance 

across the model domain (KGE = 0.39) with best performance in the lower reaches, downstream of Maritsa 

Harmanli. Best performance is obtained at Ipsala (KGE = 0.89). Peak timing and magnitude are generally 

captured well, considering that the model has been calibrated with a forecast rather than reanalysis or 

observed product. These are considered the most important aspects in order to accurately simulate flood 

response in the downstream hydraulic model forecasting chain. 

The model has been operationalized ǳǎƛƴƎ {aILΩǎ {aIC ǎȅǎǘŜƳΦ ¢ƘŜ ƳƻŘŜƭ ƛǎ Ǌǳƴ ǘǿƛŎŜ ŘŀƛƭȅΣ ǳǎƛƴƎ ǘƘŜ лл:00 

and 12:00 WRFM forecasts, and produces forecast discharge for the full WRFM forecast horizon (5 days). 

Real-time updating of discharge stations is currently implemented at 3 locations along the Ardas catchment, 

and can be expanded to include additional real-time stations in the future. 
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Department of Flood Risk - Water Scarcity Management & Management of 
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of Environment & Energy 

Anna Fokaefs 
Department of Flood Risk - Water Scarcity Management & Management of 
Water Demand, General Secretariat for Natural Environment & Water, Ministry 
of Environment & Energy 

Dr Dionysios Marinos 
Department of Flood Risk - Water Scarcity Management & Management of 
Water Demand, General Secretariat for Natural Environment & Water, Ministry 
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2 HYPE MODEL DESCRIPTION 

2.1 BACKGROUND 

HYPE (Hydrological Predictions for the Environment) is a semi-distributed conceptual rainfall-runoff model 

with integrated nutrient transport processes. HYPE is designed specifically for hydrological model 

applications from river catchments up to continental scales. The model is developed and maintained by the 

Swedish Meteorological and Hydrological Institute (SMHI) under an open ς source license. 

HYPE simulates water flow and substances on their way from precipitation through different storage 

compartments and fluxes to the sea (Figure 2-1). The model has been developed since the early 2000s, when 

the EU Water Framework Directive (WFD) was introduced in Sweden, necessitating an integrated tool for 

multi-faceted analyses of the ƘȅŘǊƻƭƻƎƛŎŀƭ ŎȅŎƭŜ ό[ƛƴŘǎǘǊǀƳ Ŝǘ ŀƭΦΣ нлмлύΦ ¢ƘŜ ŀƛƳ ƻŦ ǘƘŜ ƳƻŘŜƭ ŘŜǾŜƭƻǇƳŜƴǘ 

is to enable provision of water information to society for environmental and climate change assessments 

with high spatial resolution, also for ungauged conditions, making use of new technology and many different 

data sources. The HYPE model has been applied operationally for flood forecasting in Sweden since 2008. 

 

Figure 2-1. Overview of the structural components of the terrestrial water cycle conceptually included in 
HYPE. 

 

2.2 PHYSICAL DESCRIPTION 

HYPE is physically based and distributed when describing hydrological processes in different subbasins, with 

the mode algorithms conceptualizing the underlying physics in order to (a) simplify the overall model and 



page  5 

 
  

 

The Project is co-funded by the European Regional Development Fund 
(ERDF) and by national funds of the countries participating in the Interreg 
V-! άDǊŜŜŎŜ-Bulgaria 2014-нлнлέ /ƻƻǇŜǊŀǘƛƻƴ tǊƻƎǊŀƳƳŜ 

     

 

make it more efficient computationally, and (b) make it applicable over large regions where more detailed 

algorithms typically cannot be supported by corresponding observational data. It is meant to be applied in a 

multi-basin manner to achieve high spatial distribution of flow paths in the landscape. It can be evaluated 

against point measurements in the river network and against spatially distributed observations, such as Earth 

Observations or interpolated products from in-situ monitoring. 

HYPE uses a spatial division of basins and sub-basins, as opposed to a rectangular grid, enabling dynamical 

spatial resolutions within a model domain. Sub-surface storage states and runoff generating fluxes within a 

sub-basin are modelled with a hydrological response unit (HRU) aggregation, usually based on land cover, 

soil types and elevation, and optionally crop types. The sub-basin concept and HRU aggregation are shown 

schematically in Figure 2-2. Sub-basins are coupled according to the river network by (main) rivers and where 

necessary lakes at the outlet of sub-basins. Local, within-sub-basin river networks and lakes are represented 

by an internal routing routine to the main river network. These processes are shown schematically in Figure 

2-3. 

 

Figure 2-2. Conceptual sub-basin delineation in the HYPE model. Catchments are divided into sub-

catchments, with different combinations of soil, land use and elevation. 
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Figure 2-3. Sub-basin processes within the HYPE model. 
 

Each sub-basin within a HYPE model set-up consists of aggregated Hydrologic Response Units (HRUs), each 

of which is computationally independent, and contributes to sub-basin-wide model states and fluxes. The 

HRU concept allows the transfer of model parameter estimates to ungauged model areas based on physical 

catchment similarity. An example of the HRU concept for the Swedish case is shown in Figure 2-4. 

 

Figure 2-4. HRU aggregation (soil-landuse classes) for an example catchment in Sweden. 
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Within each sub-basin, the model simulates states and fluxes in different conceptual compartments: soil 

including shallow groundwater, rivers and lakes. The model conceptualizes precipitation dynamics 

(rain/snow) and snow pack, soil moisture and evapotranspiration, runoff generation from soils and shallow 

groundwater, surface runoff (saturation and infiltration excess), local stream and lake routing, main river and 

outlet lake routing, and nutrient turnover connected to these compartments. Particular focus is given to the 

simulation of surface water reservoirs, both natural (lakes) and man-made (dams). Dams can be driven with 

management routines for different purposes, e.g., hydropower, flood protection, or irrigation. While these 

routines cannot reproduce day-to-day dynamics of management-driven discharges from dams, they can 

enable to model seasonal to annual dynamics in river systems where natural runoff generation processes are 

completely overridden by these reservoir dynamics. 

HYPE uses a dynamical time-stepping model, forced with time series of precipitation and air temperature, 

typically on daily or sub-daily timesteps. 

2.3 INPUT FILES 

The HYPE model requires as minimum the following input files: 

¶ info.txt Contains model options and simulation settings 

¶ filedir.txt Contains location of info.txt-file 

¶ Pobs.txt & Tobs.txt Precipitation and Temperature observations, per sub-basin 

¶ Par.txt Model parameters 

¶ GeoClass.txt Combinations of land use and soil classes in the model (HRU) 

¶ GeoData.txt Characteristics of the spatially delineated sub-basins 

In the Evros set-up, the following files are additionally included: 

¶ Qobs.txt Discharge observations, per sub-basin 

LakeData.txt Lake properties for outlet lakes, where water level is calculated 
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3 EVROS HYPE SETUP 

3.1  MODEL OVERVIEW  

A HYPE model was developed for the Evros river basin by building upon the existing European-wide E-HYPE 

model and background datasets (Donnelly et al., 2016; Hundecha et al., 2016). Sub-basin delineation was 

performed based on local knowledge and model needs, taking into account the delineation of the surface 

water bodies in Greece as defined in the National Water Basin Management Plans, as well as considering 

important locations for hydraulic simulations and the availability of discharge observations for calibration. 

A total of 743 sub-basins were defined in the final delineation, shown in Figure 3-1. 

An hourly time-step was chosen for the Evros HYPE model set-up, which is required as input to the hydraulic 

model. 

 

Figure 3-1. Sub-basins as defined in the Evros HYPE implementation. Main rivers, calibrated and non-
calibrated outlet lakes and calibrated discharge stations are also shown. 

 

3.2 LAKES AND RESERVOIRS 

Thirty-two (32) so-called outlet lakes are defined in the Evros HYPE, described in the file LakeData.txt. An 

outlet lake is per definition located at the outlet of a sub-basin and receives all flow from the upstream main 
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river and any local inflows. Outlet lakes are included in the model set-up to improve downstream flow 

dynamics and to allow stage to be estimated at each lake. Lake stage is controlled in the model via a rating 

curve, with either globally or locally defined parameters. In the Evros implementation, 11 lakes have been 

calibrated with local parameters in order to capture the impact of the regulated system on downstream 

discharge. A description of these is provided in section 4.4. 

The location of all 32 outlet lakes is shown in Figure 3-1. Those where a specific regulation regime was 

included (calibrated outlet lakes) are also shown. 

3.3 CALIBRATION DATA 

Discharge data from gauging stations in Bulgaria, Greece and Turkey have been utilized and incorporated in 

to the HYPE set-up to enable calibration. These data are contained within the Qobs.txt file. Table 3-1 provides 

an overview of the stations that have been incorporated into Qobs.txt and the time periods for which data 

was available. All station data is hourly unless otherwise stated. The geographic placement of each station is 

shown in Figure 3-1. A total of 32 stations were included in the calibration. 

Six (6) stations in Greece with data covering an earlier time period (2008 to 2012) were available but 

eventually were not incorporated into Qobs.txt given that they did not cover the chosen calibration period. 

These are not included in the table. 

Table 3-1. Overview of discharge stations incorporated into Qobs.txt, including time periods available for 

calibration. 

Country Station name River SUBID in 

Evros-HYPE  

Start End Comment 

Bulgaria 61900 _Ivaylovgrad Arda 182 2006 2013 Not used in 

calibration 

71400 _Velingrad Chepinska 332 2010 2022  

71420 _MarkoNikolov Chepinska 330 2020 2022  

71490 _Pamidovo Topolnitsa 229 2012 2022  

71555 _Yana_Rosen Luda 357 2009 2022  

71700 _Belovo Maritsa 85 2008 2022  

71800 _Pazardzhik Maritsa 76 2008 2022  

72350 _Kritchim Vucha 259 2009 2022  

72460 _Bachkovo Chepelarska 313 2005 2022  

72530 _Trilistnik Strjama 245 2011 2022  

72700 _Plovdiv Maritsa 67 2008 2022  

72850 _Parvomaj Maritsa 56 2008 2022  

73380 _Dimitrovgrad Maritsa 47 2011 2022  

73480 _Galabovo Sazliika 204 2008 2022  

73550 _Harmanli Harmaliyska 320 2016 2022  

73750 _Harmanli Maritsa 37 2008 2022  

73850 _Svilengrad Maritsa 30 2008 2022  

74440 _Chumerna Belenska 741 2015 2022  
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Country Station name River SUBID in 

Evros-HYPE  

Start End Comment 

74500 _Vodenichane Mochuritsa 295 2019 2022  

74510 _Charda Mochuritsa 293 2011 2019 Not used in 

calibration 

74650 _Pavel_Banya Tundza 171 2015 2022  

74660 _Yagoda Tundza 161 2016 2022  

74750 _Banja Tundza 154 2012 2022  

74800 _Yambol Tundza 626 2009 2022  

74850 _Elhovo Tundza 138 2008 2022  

Greece Castanies_new Arda 175 May to 

October 2022 

 

Pythio_new Xiro stream 688  

Erythropotamos_new Erythropotamos 274  

Turkey Tb!b[L  117 2006ς2013 

2018ς2022 

Twice daily 

only Tt{![!  8 

YTwT I!b9  21 

[«[9.¦wD!½  112 

{¦!Y!/!FL  129 

¸9bT/9Dmw9/9  95 

 

3.4 REAL-TIME STATION UPDATING 

HYPE includes functionality for real-time updating of discharge. The updating method is based on an 

autoregressive model in which the modelled and observed discharges are compared and saved. The updating 

procedure is then applied on the following timesteps via a scaling factor that determines how much the error 

term should affect the forecast. A more simplistic approach is also available for lake stage, in which 

observations directly replace modelled values. 

In the Evros HYPE implementation, discharge updating has been implemented for Greek real-time stations 

that are available in the Ardas river (Castanies station), Pythio (upstream of Xiro stream confluence with 

Evros river) and Erythropotamos river (see Figure 3-2). The set-up can be easily expanded to include 

additional real-time data in the future. 

3.5 OPERATIONAL SYSTEM 

A short overview of the system is provided here. The Short and Medium range Hydrological Forecasting 

framework (SMHF) system consists of the following components, also shown schematically in Figure 3-3: 

¶ Preparation of meteorological data for HYPE (Pobs.txt, Tobs.txt) 

¶ Running HYPE hindcast and forecast for a given issue date and issue hour 

¶ Run-time folders per issue date (or per issue date/hour) τ> reforecasting in parallel 
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¶ Basic FTP-client functionality 

 

 

Figure 3-2. Telematic, real-time gauging stations used in automatic update processes. 
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Figure 3-3. Schematic of the SMHF operational system. 

 

The configuration applied in the current setup runs twice per day, at user specific times, using the 00:00 (00Z) 

and 12:00 (12Z) WRF forecasts and produces forecast discharge for the full WRF forecast horizon (5 days). 

River flow observations, for real-time updating, are also incorporated into the system where available. The 

system is installed on a virtual Linux machine. 
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4 MODEL CALIBRATION AND EVALUATION 

4.1 FORCING DATA AND CALIBRATION PERIOD 

CƻǊŎƛƴƎ Řŀǘŀ ǿŀǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ ²wC ƳƻŘŜƭ όǎŜŜ ŘŜƭƛǾŜǊŀōƭŜ ʃ пΦсΦрΦɮύΣ ŘƻƳŀƛƴ лн όр ƪƳ ǊŜǎƻƭǳǘƛƻƴύΦ ¢Ƙƛǎ 

data was used in preference to alternative, global data sources given that the WRF data is used in the 

operational system. Any systematic biases should therefore be adjusted in the calibration. Additionally, the 

local datasets have a higher resolution (5 km) than the available global forcing (~25 km), which is expected 

to enable better capturing of local convective rainfall events. 

The WRF data is not however a reanalysis product, in which observations are introduced to the modelled 

field, but instead a reforecast dataset. This means that the first 24 hours from each 00Z forecast have been 

extracted and combined to produce a continuous timeseries, and can be an additional source of uncertainty 

in the calibration. 

WRF data was available for the period 2020-01-01 to 2022-10-17. Year 2020 was used to initialize ƻǊ άǿŀǊƳ 

ǳǇέ ǘƘŜ ƳƻŘŜƭΣ ǎƻ ǘƘŀǘ ŘƻƳƛƴŀƴǘ ƘȅŘǊƻƭƻƎƛŎŀƭ ǇǊƻŎŜǎǎŜǎ όǎƻƛƭ ƳƻƛǎǘǳǊe content, snow water equivalent, lake 

water levels, etc.) reach an initial state that are as close to reality as possible. Calibration was performed for 

years 2021 and 2022, although in some cases the observed time series covered a shorter interval (see Table 

3-1). A separate validation period was not applied given that both the forcing data and observed time series 

covered a short overlapping period. A validation period is foreseen during the testing period of the 

operationalized System for Flood Early Warning. 

4.2 PERFORMANCE CRITERIA 

Key model performance criteria used were Nash-Sutcliffe model Efficiency (NSE) and Kling-Gupta model 

efficiency (KGE), along with the relative error to asses volume error. NSE is defined as: 

 

where Ὕ is the total number of time steps, ὗίὭά(ὸ) the simulated discharge at time ὸ, ὗέὦί(ὸ) the observed 

discharge at time ὸ, and ὗέὦί the mean observed discharge. NSE = 1 indicates a perfect fit between 

simulations and observations; NSE = 0 indicates that the model is equivalent to the mean of the observations; 

and NSE < 0 indicates that the mean of the observations is a better indicator than the model. 

KGE is defined as: 
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where ὶ is the linear correlation between observations and simulations, „έὦί is the standard deviation in 

observations, „ίὭά the standard deviation in simulations, ‘ίὭά the simulation mean, and ‘έὦί the 

observation mean (equivalent to ὗέὦί). Like NSE, KGE = 1 indicates perfect agreement between simulations 

ŀƴŘ ƻōǎŜǊǾŀǘƛƻƴǎΦ ¦ƴƭƛƪŜ b{9Σ ƴŜƎŀǘƛǾŜ ǾŀƭǳŜǎ ƻŦ YD9 Řƻ ƴƻǘ ƴŜŎŜǎǎŀǊƛƭȅ ƛƴŘƛŎŀǘŜ άōŀŘέ ƳƻŘŜƭ ǇŜǊŦƻǊƳŀƴŎŜΦ 

Knoben et al. (2019) argue for example that a value of -0.41 should represent the cut-ƻŦŦ ōŜǘǿŜŜƴ άƎƻƻŘέ 

ŀƴŘ άōŀŘέ ƳƻŘŜƭ ǇŜǊŦƻǊƳŀƴŎŜΦ 

4.3 INITIAL CALIBRATION 

The E-HYPE model parameterization was used as a starting point for the Evros model calibration. E-HYPE is 

run with a daily timestep and relevant parameters were therefore scaled to function in the hourly time-

stepping Evros model. 

Many of the model parameters in HYPE are linked to land use or soil type. Some of these were calibrated in 

a first calibration step with the aim to get an overall good model performance at sites with observed 

discharge data. The parameters calibrated during this first step, via the Par.txt file, were potential 

evapotranspiration, to minimize volume errors across the model domain, and recession parameters for soil 

runoff, to better replicate discharge dynamics in the observed hydrographs. Figure 4-1 shows the KGE at the 

discharge gauging sites after the first step of the calibration. 

 

Figure 4-1. KGE for calibrated discharge stations after first phase of calibration process. 
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4.4 LAKE CALIBRATION 

In a second phase of calibration, 11 lakes (out of a total of 32) were calibrated using local parameters. The 

location of these is shown in Figure 3-1. 

Regulated dams have a significant effect on the hydrology of the Evros basin. HYPE has built-in functions 

(Figure 4-2) to simulate simple dam regulation routines. These were used to better the model performance 

downstream of selected dams in the second phase of the calibration. Where discharge observations 

permitted, dams were calibrated by introducing regulation flow and by calibrating spillway rating curves. An 

example of improved model performance after dam calibration (Topolnitsa dam in Bulgaria) is shown in 

Figure 4-3, where in particular the seasonal distribution of flows is improved, predominantly improving the 

simulation of high flow periods (Q > Q50/median). 

 

Figure 4-2. Dam/lake regulation in the HYPE model. 
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Figure 4-3. Simulated and observed flow downstream of the Topolnitsa dam in Bulgaria, before (upper) and after calibration (lower). 
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4.5 PARAMETER REGIONS 

Regional parameters were introduced in the final step of the calibration process. These typically allow sub-

basins to be grouped according to physical characteristics or according to model performance, and enable 

efficient manual tuning of the model. In the Evros case, grouping was performed according to performance 

and availability of discharge data, and 9 parameter regions were created (Figure 4-4). 

 

Figure 4-4. Parameter regions in the Evros basin. 

Model performance was improved at a majority of the gauged locations (Figure 4-5) using this approach. 

Final KGE values across the model domain are shown in Figure 4-6 and hydrographs at key gauging sites in 

Figure 4-7 όтотрл aŀǊƛǘǎŀψIŀǊƳŀƴƭƛΣ YTwT I!b9Σ ¸9bT/9Dmw9/9Σ Tt{![!ύΦ 

Model performance is in general good across the domain in the final calibration. Relative error (not shown) 

ƛǎ ǿƛǘƘƛƴ ҕмл҈ ŀƭƻƴƎ Ƴŀƛƴ ǊŜŀŎƘ ƻŦ ǘƘŜ 9ǾǊƻǎ ŀƴŘ YD9 ƛǎ ŀōƻǾŜ -0.4 at 28 of 32 stations. According to the 

definition in Knoben et al. (2019), this indicates some skill in the model. 16 of the remaining 28 stations show 

KGE > 0.4 which indicates robust performance. 

The majority of stations along the main tributary show good performance. Each of the four downstream 

discharge stations shown in Figure 4-6 have KGE > 0.7 and 0.35 < NSE < 0.8. Timing and magnitude of peak 

flows, which are the most important aspects in a flood forecasting system, are well simulated at these 

locations, particularly considering that the model is driven by a forecast rather than reanalysis dataset. 

Baseflow and recession dynamics are also well captured. 
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Figure 4-5. Improvements in model performance (KGE) compared to the previous step of the calibration. 
Blue dots indicate better performance after calibration, red worse. Relative difference= 
100*(abs(KGE_baseline-1)-abs(KGE_cal-1))/abs(KGE_baseline-1). 
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Figure 4-6. Kling-Gupta efficiency (KGE) after the last calibration step. Black dots indicate that the KGE is 
less than -1. 

 

Figure 4-7. Simulated (red line) and observed (black circles) river flow at four sites (73750 Maritsa_Harmanli, 
YTwT I!b9Σ ¸9bT/9Dmw9/9Σ Tt{![!ύ ƛƴ ǘƘŜ 9ǾǊƻǎ ōŀǎƛƴ.  
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LIST OF ACRONYMS 

 

Acronym Definition 

CB Cross Boundary  

FEWS Flood Early Warning System 

FRMP Flood Risk Management Plans 
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6 INTRODUCTION 

6.1 SCOPE OF PRESENT REPORT 

The FLOODGUARD project is embedded in the efforts to develop the proper tools for alarming and mitigating 

the risk of floods in the CB area. The small topographic slope of the Evros basin towards the Aegean Sea has 

resulted in the past to significant floods and the banks of the river were elevated to provide protection 

against floods. However, these efforts need to be enhanced with new tools, especially in the light of the 

imminent climate change. This report focuses on the borderline part of the Evros/Maritsa River, starting 

upstream from the area close to Svilengrad (Bulgaria) and Ormenio (Greece) downstream to the outflow to 

the Aegean Sea (Figure 6-1). For the study area, river flow is simulated in order to estimate the flooding 

extend and inundation on the surrounding areas. The simulation of flow requires the use of a mathematical 

model which, given the necessary input information, can produce results that describe the complex dynamics 

of flood events. In order to assess the flood risks of the region, it is important to have a good understanding 

of the flood dynamics and the flow in the main river bed, as well as the overtopping of the riverbanks and 

flow in the floodplains. This report presents the set up and testing of a hydraulic model, for simulating the 

2D flow field and the flood inundation in the study area. 

In Chapter 7 of the report a review is presented of previous hydraulic modelling projects that were 

undertaken in the transboundary region of the Evros ς Maritsa River. Chapter 8 describes the HEC ς RAS 

model regarding its mathematical depiction of the physical processes, its numerical approach and the 

conceptual model structure. In Chapter 9Σ ǘƘŜ ƳƻŘŜƭ ǎŜǘǳǇ ƛǎ ǇǊŜǎŜƴǘŜŘ ƛƴ ŘŜǘŀƛƭ ƛƴ ǾƛŜǿ ƻŦ ǘƘŜ ƳƻŘŜƭΩǎ ŀǊŜŀ 

and its extents, the modelling approach, the boundary conditions and input data of the model, and the 

topographical data from the digital elevation dataset. Chapter 10 deals with the methodology, the available 

data and the corresponding model results that are needed in order to calibrate the model. In chapter 11, the 

methodology of the model validation is described, and Chapter 12 concludes the report by summarizing the 

model results and conclusions from this study. 
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Figure 6-1. Evros River, main Greek and transboundary tributaries and study area. 

Table 6-1. Working group. 

NAME QUALIFICATIONS 

Apostolos Tzimas, Coordinator Civil Engineer, MSc in Science and Technology Policy 

Alexandros Ziogas Civil Engineer, PhD, MSc Water Resources and Environment 

Evangelos Romas Civil Engineer, MSc in Water Resources and Environment 

Nikolaos Papageorgiou Civil Engineer 

Ioanna Anagnostou 
Chemical Engineer, MSc in Environmental Sustainability, MSc in Science and 
Technology of Water Resources 

Kiriakos Kandris Civil Engineer, PhD, MSc 

Christos Damvergis Civil Engineer, NTUA 

Theocharis Papadiamadis Rural, Surveying Engineer 

Hans Bjorn Civil Engineer, MSc 

 

Table 6-2. Review and Receipt Committee of the Contracting Authority. 

Permanent Members 

Dr Eleni Athanasiou 
Head of Department of Flood Risk - Water Scarcity Management & 
Management of Water Demand, General Secretariat for Natural Environment & 
Water, Ministry of Environment & Energy 

Konstantinos Papaspyropoulos 
Department of Costing and Pricing of Water Services, General Secretariat for 
Natural Environment & Water, Ministry of Environment & Energy 
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Permanent Members 

Stylianos Koutrakis 
Department of Flood Risk - Water Scarcity Management & Management of 
Water Demand, General Secretariat for Natural Environment & Water, Ministry 
of Environment & Energy 

Reserve Members 

Athanasia Pardali 
Department of Flood Risk - Water Scarcity Management & Management of 
Water Demand, General Secretariat for Natural Environment & Water, Ministry 
of Environment & Energy 

Anna Fokaefs 
Department of Flood Risk - Water Scarcity Management & Management of 
Water Demand, General Secretariat for Natural Environment & Water, Ministry 
of Environment & Energy 

Dr Dionysios Marinos 
Department of Flood Risk - Water Scarcity Management & Management of 
Water Demand, General Secretariat for Natural Environment & Water, Ministry 
of Environment & Energy 
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7 HYDRAULIC MODELING IN THE AREA OF INTEREST 

Evros/Maritsa River basin extends to three countries, which makes the systematic observation of flow and 

flood data and the development of flood management plans an effort with significant difficulties. Adequate 

hydraulic modelling can provide a strong foundation for the study of river flow under various conditions and 

the assessment of flood risks in the area of interest. For this reason, there have been several attempts in this 

direction, in all neighboring countries, especially to address the needs of their respective Flood Risk 

Management Plans and the composition of Flood Risk Maps for the fluvial areas. 

While there is no project that has all three countries contributing and directly cooperating to address the 

whole Evros river, there have been several bilateral projects between Greece and Bulgaria (on the basis of 

the EU membership and common EU projects) and also between Bulgaria and Turkey (on the basis of bilateral 

agreements). The scope of these projects varies from exchanging meteorological or hydraulic information 

(amount of rain, temperature, discharge, water level etc.), to creating models that can simulate past events 

and assess flood risk on riparian areas. 

The most recent approach on setting up a hydraulic model for the Evros/Maritsa River is undertaken in the 

frame of the 1st Flood Risk Management Plans (FRMP) of Greece. The use of hydraulic models, such as Mike, 

allows for the simulation of the water budget of the river as well as for the studying of the stages and 

dynamics of a flood, including its initiation, peak, and eventual recession. As previously stated, there is 

cooperation between Greece and Bulgaria on the basis of data exchange regarding water levels and 

discharges during previous major flood events, both in areas upstream of the river, where the river enters 

the Greece -Bulgaria borderline area, and in areas that the river acts as the natural border between Greece 

and Turkey. Information from the major floods of 2010 that affected all three countries, were used to 

calibrate the hydraulic models for the downstream part of Evros river described in the above. The data that 

were utilized in the study, spanned from the 1950s up to 2012. This study was focused on simulation and 

interpretation of past events. These models were based on scenarios of combined flooding events (2010 and 

2012) that were caused from the Evros river and its main tributaries (Ardas, Tundzha and Ergene rivers), as 

the timing of the flood hydrograph was retrieved from the measurements of the gauging stations during the 

flood events of 2010. However, the discharges of the hydrograph were calculated according to multiple 

return periods (T = 20, T = 50, T = 100 and T = 1000). These models were developed with a 1D ς 2D modelling 

approach as the Evros river was simulated as 1D model with multiple cross sections and the surrounding 

floodplains were simulated as 2D flow areas that were connected with the 1D main river. 

The characteristics of the models will be evaluated, such as boundary conditions and spatial and temporal 

discretization. Additionally, the values of the calibration parameters will be recorded, which can either serve 

as initial values or support the selection of initial values for the calibration parameters within the scope of 

this project. The objective of the investigation is to study the techniques that have already been applied, 

evaluate their performance, identify problems and limitations, and, overall, incorporate the experience 

already gained for the study area into the hydraulic model that will be implemented in this specific project. 

Another major project in the area of interest is the Arda Forecast project, regarding the flood monitoring and 

early warning in the Arda River. The Arda River is a cross border river and a main tributary to Evros/Maritsa 

River, that springs in Bulgaria and continues into Greece (Figure 7-1). 
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Figure 7-1. The Greek part of Ardas river and its meetup with Evros river. 

The river is generating the most hazardous floods in the southeast Balkans affecting both Bulgaria, as well 

the whole Evros/Maritsa River. The Ardas River has multiple hydroelectric dam systems in the area upstream 

of its entry into Greek territory. These dams operate at high water levels to maximize their performance and 

electricity production. Therefore, during periods when flood events occur upstream of the Ardas River, the 

dams do not have sufficient capacity to mitigate the flood runoff and tend to overflow. As a result, the runoff 

that reaches the Greek section of the river and subsequently the Evros River constitutes a significant part of 

the mechanisms contributing to the flooding of the Evros River and causes problems throughout the study 

area. 

Due to these problems, the Arda Forecast project (https://arda.hydro.bg/index.php?glaven=theProject:, 

accessed: 13/07/2023.) is implemented in the cross ς border region between Bulgaria and Greece and is 

devoted to the creation of a flood warning system. The partnership of the two countries is organized through 

the European Territorial Cooperation (ETC) Program and there are two types of partners: research and 

development with certain capacity in flood modelling and forecasting (NIMH BG and DUTH GR) and water 

management and flood prevention authorities (EARBD BG and RDF-EMTHR GR). The main outputs of the 

Arda Forecast project were: the establishment of a hydro meteorological information system, the 

development of a GIS database, the improvement of the density and frequency of the hydro-meteorological 

observation network through installing additional automatic stations, a flood warning system operation 

manual, a set of hot points, a set of alert threshold for each hot point, a set of warning procedures and the 

creation of WEB based tools for information exchange and access of decision makers, stakeholders and large 

public to all the necessary data and forecasts. Figure 7-2 illustrates the river network that was delineated in 

https://arda.hydro.bg/index.php?glaven=theProject
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order to simulate the Arda river and its complex network of dams and reservoirs. The most important hot 

point of the floods in Greece due to Arda river is situated on the border of the two countries and is presented 

in Figure 7-3. 

 

 

Figure 7-2. Study area and river network of the Arda Forecast Program. 

 

Figure 7-3. ά.D ς Dw .ƻǊŘŜǊέ Ƙƻǘ Ǉƻƛƴǘ Ǉƻǎƛǘƛƻƴ. 
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8 THE HEC-RAS MODEL 

8.1  HEC-RAS  

8.1.1 Selecting the numerical model 

The HEC ς RAS software allows the user to perform one-dimensional steady flow, one and two-dimensional 

unsteady flow calculations, sediment transport/mobile bed computations, and water temperature/water 

quality modeling. HEC ς RAS is designed to perform one and two-dimensional hydraulic calculations for a full 

network of natural and constructed channels (https://www.hec.usace.army.mil/software/hec-

ras/features.aspx, accessed: 13/07/2023). 

The HEC ς RAS system contains several river analysis components for: (1) steady flow water surface profile 

computations; (2) one- and two-dimensional unsteady flow simulation; (3) movable boundary sediment 

transport computations; and (4) water quality analysis. A key element is, that all four components use a 

common geometric data representation and common geometric and hydraulic computation routines. In 

addition to these river analysis components, the system contains several hydraulic design features that can 

be invoked once the basic water surface profiles are computed. 

The HEC ς RAS (Hydrologic Engineering Centers-River Analysis System) developed by the US Army Corps of 

Engineers is a widely used and reliable model that has been applied in various related applications, 

encompassing a wide range of natural stream characteristics. It is utilized in the development of national 

guidelines and meets all the requirements specified in the declaration of this project. For these reasons, it 

has been selected as the hydraulic model for the ongoing development of the operational Flood Early 

Warning System. 

8.1.2 Numerical Code description 

The motion of the fluids in three dimensions is described through the use of the Navier ς Stokes equations 

(https://www.hec.usace.army.mil/confluence/rasdocs/ras1dtechref/latest, accessed: 13/07/2020). These 

equations are quite complex, so in the context of channel and flood modelling, further simplifications can be 

imposed. One simplified set of equations is the Shallow Water (SW) equations. Incompressible flow, uniform 

density and hydrostatic pressure are assumed, and the equations are Reynolds averaged so that turbulent 

motion is approximated using eddy viscosity. It is also assumed that the vertical length scale is much smaller 

than the horizontal length scales. As a consequence, the vertical velocity is small and pressure is hydrostatic, 

leading to the differential form of the SW equations derived in subsequent sections. 

In some shallow flows the barotropic pressure gradient (gravity) term and the bottom friction terms are the 

dominant terms in the momentum equations and unsteady, advection, and viscous terms can be disregarded. 

The momentum equation then becomes the two-dimensional form of the Diffusion Wave Approximation. 

Combining this equation with mass conservation yields a one equation model, known as the Diffusive Wave 

Approximation of the Shallow Water (DSW) equations. The mass conservation equation is discretized using 

a finite volume technique. The fine grid details are factored out as parameters representing multiple integrals 

over volumes and face areas. As a result, the transport of fluid mass accounts for the fine scale topography 

inside of each discrete cell. Since this idea relates only to the mass equation, it can be used independently of 

the version of the momentum equation. 

https://www.hec.usace.army.mil/software/hec-ras/features.aspx
https://www.hec.usace.army.mil/software/hec-ras/features.aspx
https://www.hec.usace.army.mil/confluence/rasdocs/ras1dtechref/latest
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The general hydraulic equations are the mass conservation and the momentum conservation. Assuming 

that the flow is incompressible, the unsteady differential form of the mass conservation (continuity) 

equation is: 

 

ή        (1) 

where: 

t = time [T], 

h = water depth [L], 

u and v = velocity components in the x and y direction respectively, 

q = source/sink flux term. 

When the horizontal length scales are much larger than the vertical length scale, volume conservation implies 

that the vertical velocity is small. The Navier-Stokes vertical momentum equation can be used to justify that 

pressure is nearly hydrostatic. In the absence of baroclinic pressure gradients (variable density), strong wind 

forcing and non-hydrostatic pressure, a vertically-averaged version of the momentum equation is adequate. 

Vertical velocity and vertical derivative terms can be safely neglected (in both mass and momentum 

equations). The shallow water equations are obtained: 

 

ό ὺ Ὢὺ Ὣ ὺȟ Ὤ ὺȟ Ὤ
ȟ ȟ  (2) 

ό ὺ Ὢό Ὣ ὺȟ Ὤ ὺȟ Ὤ
ȟ ȟ

  (3) 

where: 

u and v = velocities in the Cartesian directions [L/T], 

g = gravitational acceleration [L/T2], 

zs = water surface elevation [L], 

vt,xx and vt,yy = horizontal eddy viscosity coefficients in the x and y directions [L2/T], 

ḇ,x and ̱ b,y = bottom shear stresses om the x and y directions [M/L/T2], 

s̱,x and ̱ s,y = the surface wind stress directions [M/L/T2], 

R = hydraulic radius [L], 

h = water depth [L], 
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fc = Coriolis parameter. 

In shallow frictional and gravity ς controlled flow; unsteady, advection, turbulence and Coriolis terms of the 

momentum equation can be disregarded to arrive at a simplified version. Flow movement is driven by a 

barotropic pressure gradient balanced by bottom friction. Simplifying the momentum equation results in the 

diffusion ς wave approximation of the momentum equation: 

ϳ
ȿ╥ȿ╥  ᾀɳ        (4) 

where V is the velocity vector, R = R(zs) is the hydraulic radius, ɳzs is the water surface elevation gradient, 

and n ƛǎ ǘƘŜ aŀƴƴƛƴƎΩǎ ǊƻǳƎƘƴŜǎǎ ŎƻŜŦŦƛŎƛŜƴǘΦ 5ƛǾƛŘƛƴƎ ōƻǘƘ ǎƛŘŜǎ ƻŦ ǘƘŜ Ŝǉǳŀǘƛƻƴ ōȅ ǘƘŜ ǎǉǳŀǊŜ Ǌƻƻǘ ƻŦ ǘƘŜƛǊ 

norm, the equation can be rearranged into more classical form: 

╥  
ϳ ᶯ

ȿɳ ȿϳ
        (5) 

When the velocity is determined by a balance between barotropic pressure gradient and bottom friction, 

the Diffusion Wave form of the Momentum, can be used in place of the full momentum equation, and the 

corresponding system of equations can in fact be simplified to a one equation model. Direct substitution of 

the Diffusion Wave approximation of the momentum equation in the mass conservation equation, yields 

the classical Diffusion-Wave Equation: 

Ͻɳ‍​ᾀ  ή        (6) 

where: ̡  = (R2/3h)/(n| zɳs| 1/2). Once the DWE equation has been solved, the velocities can be recovered by 

substituting the water surface back into the Diffusion Wave equation. 

The discretization and solution algorithm for the DWE equation is based on the construction of a numerical 

grid that contains non ς overlapping polygons. Because of second order derivative terms and the differential 

nature of the relationship between variables, a dual grid will be necessary; in addition to the regular grid to 

numerically model the differential equations. The dual grid also spans the domain and is characterized by 

defining a correspondence between dual nodes and regular grid cells, and similarly between dual cells and 

regular grid nodes. The dual grid is truncated by adding dual notes on the center of the boundary edges and 

dual edges along the boundary joining the boundary dual nodes. In the context of the equations described 

above, it is convenient to numerically compute: the water surface elevation H at the grid cell centers 

(including artificial cells), the velocity perpendicular to the faces (determining the flow transfer across the 

faces), and the velocity vector V at the face points. In Figure 8-1, the grid nodes and edges are represented 

by dots and solid lines; the dual grid nodes and edges are represented by crosses and dashed lines. 
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Figure 8-1. Grid and dual grid of the HEC ς RAS numerical approach. 

 

Figure 8-2 shows five computational cells. The cells, faces, and nodes are numbered. The orientation of faces 

is indicated by the arrows at each face. Cell i is connected to faces k that are in set K(i). Cell i is connected to 

nodes l that are in set N(i). Face k ƛǎ ŎƻƴƴŜŎǘŜŘ ǘƻ ƴƻŘŜǎ ɶόkύ όƘŜŀŘύ ŀƴŘ ʆόkύ όǘŀƛƭύ ǿƘŜǊŜ ɶόk) is oriented in 

ǘƘŜ ǇƻǎƛǘƛǾŜ ŘƛǊŜŎǘƛƻƴ ŀƴŘ ʆόk) is in the negative direction. Face k is connected to cells L(k) (left) and R(k) 

(right) where R(k) is oriented in the positive direction and L(k) is in the negative direction. Cell i shares faces 

with neighboring cells j that are in set C(i). For the example above, the connectivity is given by: 

Faces connected to cells: K(1) = {1,2,3,4}, K(5) = {1,5,6,7}, etc., 

Nodes connected to cells: N(1) = {1,3,4,5}, N(5) = {1,4,5,6}, etc., 

bƻǘŜǎ ŎƻƴƴŜŎǘŜŘ ǘƻ ŦŀŎŜǎΥ ɶόмύ Ґ пΣ ʆόмύ ҐмΣ ɶόнύ Ґ оΣ ʆόнύ Ґ п Σ ŜǘŎΦΣ 

Cells connected to faces: R(1) = 5, L(1) =1, R(3) = 3, L(3) =1, etc., 

Cells connected to cells: C(1) = {2,3,4,5}. 
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Figure 8-2. Typical grid consisting of computational cell and faces. 

For simplicity, the following shorthand notation is used in subsequent sections L=L(k) and R=R(k). The 

orientation of face k with respect to cell i {ɴL(k), R(k)} is represented by the sign variable: 

ίȟ  
ρ   Ὢέὶ Ὥ  ὒὯ
ρ   Ὢέὶ Ὥ  ὙὯ

       (7) 

For the implementation of the topographic data, the subgrid bathymetry approach is being used, which is 

proposed by Casulli (2008). Through this approach, a relatively coarse computational grid can be used to 

simulate water movement and almost all finer topographic features can be incorporated. The computational 

grid cells contain some extra information such as hydraulic radius, volume and cross - sectional area that can 

be pre ς computed from the fine bathymetry. The high ς resolution details are lost, but enough information 

is available so that the numerical method can account for the fine bathymetry through mass conservation. 

For many applications this method is appropriate because the free water surface is smoother than the 

bathymetry; therefore, a coarser grid can effectively be used to compute the spatial variability in free surface 

elevation. 

At each computational a piece-wise linear curve of cell volumes is computed as a function of water surface 

elevation: 

  ᾀ  ḁ Ὠ 
 

        (8) 

where ʍi is volume and i is the cell. Differentiating the piece ς wise linear volume ς elevation curve leas to a 

piece ς wise constant area ς elevation volume curve for each computation cell: 

 

ὃ ᾀ   Ḁ Ὠὃ
 

        (9) 

where Ai is the horizontal wetted area at cell i. 
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At computational faces, similar curves are computed for the vertical area, wetted perimeter, and top width: 

 

ὃ ᾀ   Ḁ Ὠὃ
 

        (10) 

ὡ ᾀ   ᷿ Ὠὡ
 

       (11) 

ὖ ᾀ  ᷿ ρ Ὠώ       (12) 

where Ak is the piece ς wise linear vertical area at face k, Wk is the piece-wise constant wetted top width, 

and Pk is the wetted perimeter. 

The continuity equation is discretized for the DWE and has the following form: 

 

 В ίȟόȟὃᶰ ὗ      (13) 

where ɲt is the times step, and the velocities have been interpolated in time using the generalized Crank-

Nicolson method (which is used to weight the contribution of velocities at time steps n and n +1). Since the 

momentum equation is rotation invariant, it is assumed that si,k is the sign in the outward direction at face k. 

The diffusive wave approximation to the momentum equation can be written in discrete form as: 

 

όȟ  ‌ ȟ ȟ

ȟ
        (14) 

where h k = (Rk
2/3Ak)/(n| zɳs| 1/2), zs

n+̒  = (1- )̒ zs
n + ̒  zs

n+1, ɲxN,k is a face ς normal distance cells L = L(k) and R = 

R (k). 

The complete Diffusion Wave equation describes the conversation of mass and momentum so the discrete 

form of this according to the previous equations is: 

 

 В ίȟ
ȟ
ᾀȟ ᾀȟᶰ ὗ    (15) 

Once the DSW equation is solved the velocities can be calculated by substituting the water surface elevation 

back into the Diffusion Wave equation. 

The system of equation for all cells is written in a more compact vector form as: 
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♦◗ ♥◗ ╫       (16) 

where ʍ is the vector of all cell volumes, Z is the vector of all cell water surface elevations at time n+1, ʌ is 

the coefficient matric of the system and b is the right ς hand ς side vector. The system of equations is mildly 

non-linear due to the bathymetric relationship for ʍ as a function of Z. The Jacobian (derivative) of ʍ with 

respect to Z is given by another bathymetric relationship A(Z): the diagonal matrix of cell wet surface areas. 

If this information is known, a Newton ς like technique can be applied to solve the system of equations, 

producing the iterative formula: 

╩□  ╩□ ♥ ═□ ♦□ ♥╩□ ╫     (17) 

where m denotes the iteration index (not the time step). 

The complete solution algorithm for the Diffusion Wave equations and its steps is given below: 

1. The geometry and subgrid bathymetry data is obtained or pre-computed. 

2.  Solution starts with zs0 as the provided initial condition at time-step n = 0. 

3.  Boundary conditions are provided for the next time step n+1. 

4.  Subgrid bathymetry quantities are calculated that depend on it (face area, horizontal surface area, 

ƘȅŘǊŀǳƭƛŎ ǊŀŘƛǳǎΣ aŀƴƴƛƴƎΩǎ ƴΣ ŜǘŎΦύΦ 

5.  Compute coefficients hi, j and assemble system of equations. 

6.  Initial guess zs
n+1 = zs

n. 

7.  The system of equations is solved iteratively using Newton-like iterations with the given boundary 

conditions to obtain a candidate solution zs
n+1. 

8.  If the correction ɲzs = zs
m+1 ς zs

m is larger than a given tolerance (and the maximum number of 

iterations has not been reached), return to step 7; otherwise continue. 

9.  The computed zs
m+1 is accepted, as zs

n+1 and the velocities Vn+1 are calculated using the discrete 

version of the momentum equation. 

10.  Increment n. If there are more time steps go back to step 3; otherwise end. 
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9 MODEL SETUP 

9.1 MODEL REQUIREMENTS 

The mathematical model which is set up for the Evros River covers all the extent of the study area that is 

affected from flood events directly caused or amplified by the flow of Evros River. It needs to simulate the 

main river path, along with the surrounding areas that are susceptible to flooding. Figure 9-1, Figure 9-2 and 

Figure 9-3 illustrate the Evros river and all the surrounding areas that have high risk of flooding, according to 

the analysis that was carried out during the Greek Flood Risk Management Plans. The flood extent of the 

flood event with return period T = 1000 years is shown, which in most areas is similar to the high flood risk 

zone. The hydraulic model must include all areas that are prone to flooding, so its extent is shown to be 

greater than both the flood extent (T = 1000) and the high flood risk zone. 

Typical flood events both historical and future ones, have to be simulated and results such as water depth 

and water velocities have to be produced. In ŀŘŘƛǘƛƻƴΣ ǘƘŜ ƳƻŘŜƭ Ƙŀǎ ǘƻ ŀŎŎǳǊŀǘŜƭȅ ŘŜǇƛŎǘ ǘƘŜ ŦƭƻƻŘΩǎ 

development and extent, while it is crucial to be robust and stable in all the calculations needed for the 

simulation, in order to be suitable for operational application. 

 

Figure 9-1. Evros river and its potential high risk flood zone, along with the flood extent for T = 1000 years, 

according to the Greek Flood Risk Management Plans (map 1 of 3). 
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Figure 9-2. Evros river and its potential high risk flood zone, along with the flood extent for T = 1000 years, 

according to the Greek Flood Risk Management Plans (map 2 of 3). 

 

Figure 9-3. Evros river and its potential high risk flood zone, along with the flood extent for T = 1000 years, 

according to the Greek Flood Risk Management Plans (map 3 of 3). 
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9.2 SETUP APPROACH 

9.2.1 Model Area 

The model area extends along the Greek-Bulgarian and Greek-Turkish borders, covering the relevant part of 

the Evros/Maritsa River, from the north near the Greek-Bulgarian border (Figure 9-1), to the river delta on 

the Greek ς Turkish border. The river and its banks are the main areas that frequent flooding occurs, while 

all surrounding areas, which are mainly crops, can be flooded during extreme events. There are also parts of 

the model area situated in Turkey, as the river crosses into the neighboring country, south of the Greek town 

of Castanies and reenters Greece, north of the Greek town of Nea Vyssa, as shown in Figure 9-1. From this 

point and all the way downstream to the estuary, the river serves as the Greek ς Turkish border, as shown in 

Figure 9-2 and Figure 9-3. The modeled area covers the flood area of an event with 1000 years recurrence 

time, as it was defined in the Flood Risk Management Plans for the Evros River (Special Secretariat of Water, 

2017). 

 

9.2.2 Modeling approach ς 1D, 2D, combination 

As it is previously stated, the HEC ς RAS software offers the ability to simulate both 1D and 2D unsteady flows 

for flood modelling. The use of a combined 1D ς 2D approach was investigated, as for the Evros River all flood 

events share the same typical characteristics. These include a flow which, for the modeling needs can be 

approached as a prevailing 1D flow in the main river bed and a 2D flow for water escaping from the river 

banks into the floodplains. This technic has already been utilized in modeling applications in the area, through 

the models that were developed during the drafting of the Greek Flood Risk Management Plans (see also 

Chapter 2). The first model approach comprised of a 1D model for the main river and 2D model for the 

floodplains. This type of model combination makes use the fact that the different flows are confined in certain 

areas of the model area, while it takes advantage of the lesser amount of topographical data required for the 

1D flow. Also, 1D flow simulations are typically less demanding of computation time and resources, so it is 

considered as a good practice to use a 1D modelling approach for areas that the prevailing flow is one 

dimensional. The system in development will also have operational use, so it is crucial that the computation 

time remains small. 

For this this approach, the model has to accurately depict the connection within the different type of flows 

(1D, 2D). This is achieved through the use of lateral structures, that simulate the river banks and practically 

portray the way that water from the main river is being spilled on the surrounding floodplains, as shown in 

Figure 9-4. These lateral structures require extensive calibration, in order to simulate their function properly. 

However, this demands specific data availability (weir coefficients that depict the spilling and overtopping of 

water from the main river to the river banks and into the floodplains) and has a computational cost. 

Taking into account the extent of the model (almost 200 km in length, from its entrance to its estuary), this 

translates to a large number of this kind of lateral connections between model elements (1D and 2D), which 

increases the number of sources of uncertainty and possible introduction of errors in the modelling system. 
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Figure 9-4. Main river path, cross sections, lateral structures and major levees of the 1D ς 2D modelling 

approach. 

Through a series of preliminary numerical experiments, it was identified that the 1D ς 2D model also presents 

low robustness of the numerical solution, especially for major flood events, leading to common numerical 

instability issues and low accuracy in results. These conclusions are also compatible with observations and 

results of similar modelling approaches (Homan and Toniolo, 2018). In Figure 9-5, the velocities from a model 

run with the 1D ς 2D approach are presented and the low accuracy of the model is shown, as errors have 

been induced in the values of the velocities, which surpass 25 m/s in various area of the model and mostly 

close and above the lateral structures. 
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Figure 9-5. Water velocities during the simulation with the 1D ς 2D approach. 

Figure 9-6 presents the water velocities along the entire length of a lateral structure at a specific time 

moment. It is observed that the velocities reach very high values, which can be attributed to numerical errors 

and the general instability of the 1D - 2D approach, as previously mentioned. 

  


















































































