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Abstract: Hydrodynamic modeling and hazard mapping are essential tools for urban flood mitigation and 

spatial planning. Leveraging software like HEC-RAS (Hydrologic Engineering Center - River Analysis System) 

and ArcGIS, this study aimed to map flood-prone areas along the Jijia River in the Ungheni administrative unit 

of Iasi County. Human-induced environmental changes and global climate shifts have heightened flood risks 

worldwide, particularly in urbanized areas. Hydrological and hydraulic modeling anticipate and assess flood 

events, while hydrodynamic modeling accurately simulates flow propagation, informing flood extent, timing, 

and volume. Flood hazard maps offer essential insights into flooded areas, water depths, and velocities, 

assisting in risk assessment and mitigation strategies. Through the use of different scenarios, river modeling 

aims to accurately replicate real-world conditions. This study focuses on Ungheni commune in Iasi County, 

Romania, situated along the Prut River's eastern bank. Utilizing a combination of fixed-grid and irregular mesh 

elements in modeling allows for fine-tuning of flow details and optimization of simulation times. Model 

accuracy, particularly regarding peak river levels, hinges on hydrograph duration. While a 30-minute error is 

typically accepted, greater tolerances may apply to river basins with longer response times. The extraction and 

processing of model results, including maximum water depths, flood extents, and velocity maps, are facilitated 

by ArcGIS, providing valuable data for effective flood management strategies. 
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1. Introduction 

Human interventions on the natural environment, mass deforestation, along with the effects of 

global climate change, have generated frequent and unpredictable floods all around the globe, in 

recent years [1,30]. Urbanization and changing demographic characteristics of the river's floodplain 

have led to increased exposure of communities to the risk of flooding.  

The most frequent floods are those that occur as a result of heavy or prolonged rainfall, when 

the transport capacity of the minor riverbed is exceeded and when there are remarkable levels on 

watercourses, that exceed the elevations of the banks, also known as river floods. 

Rapid floods are very dangerous and destructive, not only because of the speed of the water, but 

also due to the transport of sediments and materials involved in the formation of flows. 

Hydrological modeling anticipates rainfall in a river basin, and hydraulic modeling aims to 

assess the area flooded by them. 

The hydrodynamic modeling aims to propagate the flows in the riverbed, so that the 

propagation time, the maximum flow (and the exact moment when it is reached) and the volume of 

the flood are as accurate as possible and reflect the real situation, as well as possible [2,35]. 

Flood hazard maps provide information on the extent of the flooded areas, water depths and, 

where appropriate, water velocity, for the floods that may occur over a specific period of time. The 
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development of these maps is done using various techniques, such as hydrological and hydraulic 

modeling, based on a detailed mapping of the river and the major riverbed. 

River modeling is based on the methodology for obtaining hazard maps [3]. The river-type 

flooding mechanism can be simulated with different scenarios of flows with probabilities of 

exceedance of 20%, 10%, 5%, 2%, 1%, 0.1%. With the help of these models, one can attempt to 

reproduce the real situation in the hydrographic network, as accurately as possible [5]. 

Hydrodynamic modeling can be performed without hydrological modeling. The rainfall-runoff 

modeling processes aren’t necessary to be simulated, if the synthetic hydrographs with a probability 

of exceedance, that can be used as input data, are provided by a certified Institute of Hydrology and 

Water Management [4]. 

The process of making these maps is a complex one and requires a long period of elaboration. 

For the modeling of the basic scenario, the 2D model must be built, based on topobatimetric data, 

hydrotechnical structures, flow hydrographs, and various elements related to roughness and land 

use, resulting in hazard maps. To simulate river flow, we opted for the HEC-RAS model [20,22,25,26].  

After gathering and validating the necessary data, we prepared datasets for validation and 

calibration, addressing any missing data. Sensitivity analysis guided the construction and 

optimization of the model, ensuring its accuracy. Subsequently, we evaluated the model's 

performance and obtained results aligned with our objectives. (Figure 1).  

 

Figure 1. Methodology flowchart [33]. 

2. Materials and Methods 

The study area is represented by Ungheni commune, Iași County. Ungheni (formerly known as 

Bosia) is a commune in Iasi County, Romania, and it consists of the villages of Bosia (residence), 

Coada Stâncii, Mânzătești and Ungheni. The commune is named after Ungheni because this village 

is an important railway point. The name comes from "unghi" which means in romaninan angle, and 

refers to the fact that the town of Ungheni is located at a bend of the Prut River [6]. 

Ungheni commune is located in the eastern part of Iași county, at a distance of 21 km from the 

city Iași, on the road from Iași to Chisinau (Figure 2). In the eastern part, the commune is bordered 

by the Prut River, which separates it from the town Ungheni in the Republic of Moldova. It 

borders:Golăești commune to the north, Țuțora commune to the south, the Republic of Moldova in 

the east, commune Holboca la vest. 
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Figure 2. Location of the study area. 

The territory of the commune Ungheni is located in the middle hydrographic basin of the Prut 

river. The hydrographic network is represented by the Prut and Jijia rivers. The hydrographic regime 

of the Prut is regulated by the Stânca - Costeşti reservoir. 

Data Input and Data Processing 

In the data input and processing, fundamental geospatial layers were meticulously collected and 

processed to facilitate subsequent hydraulic modeling endeavors. [7,8]. Initial datasets, comprising 

the river network, road network, railways, and delineation of the study area, were meticulously 

gathered and processed within the ArcGIS platform [9,27]. Additionally, defensive structures were 

precisely delineated through vectorization techniques, aligning with a high-resolution digital terrain 

model (2x2 meters) boasting a vertical accuracy of 10cm [10].  

The data source for DEM was collected with the LEICA ALS 70 sensor, points have a 15 cm 

precision in horizontal direction and 10 cm on the vertical one, according to the sensor specifications. 

The flat coordinates were computed in WGS84 Universal Transversal Mercator area 35N, meanwhile 

the altitudes were considered in the WGS84 ellipsoid reference system [11]. In order to obtain the 

DEM, a two stage LiDAR data processing was necessary: automatic and manual processing - 

classification - fil-tering stages. The automatic filtering was performed in in ArcGISPro.  After 

obtain-ing the terrain points, the conversion of the ellipsoid elevation into Black Sea elevation is 

mandatory in order to obtain a correct DEM compatible with other data sources. This is done by 

means of algebraic functions applied on DEM by using the “raster calculator” from ArcGIS on the 

terrain points DEM’s and on those from the geoid model [12,14].  

To exemplify the methodology's applicability, a pilot model was constructed for Ungheni 

commune in IAȘI county (Figure 3), serving as a localized case study to showcase its effectiveness 

[11]. Addressing the variability of roughness in 2D hydraulic models, the model domain was 

subdivided into distinct land use classes, with roughness values assigned based on information 

derived from land cover layers [12].  

The estimation of Manning's roughness coefficient (n) was facilitated through a formulated 

equation considering various hydraulic parameters [13]. 

Moreover, the incorporation of building footprints (Figure 4) into the digital terrain model was 

accomplished by representing building outlines as georeferenced contours, enhancing the model's 

realism and accuracy. 
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Figure 3. Area of interest - Ungheni commune with the layers used in modeling. 

 

Figure 4. Area of interest - commune. Ungheni with the numerical model of the terrain. 
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Figure 5. Land use of the study area. 

The estimation of Manning's roughness coefficient n has been made from the following equation 

[16]: 

𝒏 =
𝑨𝑹

𝟐
𝟑𝒔

𝟏
𝟐

𝑸
 

where: 

• Q represents the flow in cubic meters per second (m3/s) 

• A denotes the flooded area of the transversal section in square meters (m2) 

• R signifies the hydraulic radius of the transversal section, calculated as the ratio of A to the wet 

perimeter (R= A/P) - m2/m 

• P is the wet perimeter of the transversal section - m 

• s is the slope of the water surface - m/m 

• n is Manning's roughness coefficient - s/m1/3 

Additionally, fingerprints of buildings were incorporated into the analysis using a Geographic 

Information System (GIS) layer (Figure 6). This layer comprises georeferenced contours of buildings, 

allowing the representation of buildings in the Digital Terrain Model (DTM) by elevating the 

footprint of the buildings to the level of their threshold. This approach enhances the accuracy of the 

hydraulic modeling process, particularly in urban areas where buildings can significantly influence 

the flow dynamics [17]. 
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Figure 6. Fingerprints of buildings. 

Identifying and defining boundary conditions. 

a) Upstream condition:  

In our study, the upstream condition was crucial in defining boundary conditions for hydraulic 

modeling. We employed synthetic hydrographs for various flow probabilities, including 20%, 10%, 

5%, 2%, 1%, and 0.1%. [23,24]. These hydrographs were provided by the Institute of Hydrology and 

Water Management, sourced from the nearest upstream hydrometric station, specifically the Victoria 

hydrometric station situated on the Jijia River (see Figure 6) [18]. 

Determining a representative measured event or suitable events for calibration approaches 

requires meticulous consideration. Typically, time series data with a time step of 10 minutes are 

indispensable for most rivers. In all instances, adjustments to the hydrograph must align with the 

estimated flow rate. This may entail altering parameters within the rain-runoff model or scaling the 

shape of the derived hydrograph to ensure accuracy and reliability in the modeling process [19].  

b) Downstream condition: slope of the terrain / downstream level of the river, which can be 

extracted directly from the RAS Mapper. A boundary condition is required at the downstream 

end of any river covered by the hydraulic model. These conditions are generally specified as 

water level hydrograph, flow hydrograph, rating curve at the hydrometric stations, normal 

depth, or critical depth limit condition [20]. 

3.2. Model configuration (delimitation of the river catchment and the calculation range, 

generation of the calculation network, boundary conditions, construction of the input hydrograph 

corresponding to the flows with probability Q p% of exceedance, processing of the digital terrain 

model in order to raise the constructions, creation of layers for roughness parameters) (Figure 7). 
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Figure 7. Input hydrographs corresponding to flow rates with a probability of exceedance of 20%, 

10%, 5%, 2%, 1%, 0.1%. 

Generally, to solve the main flow directions, three to four cells of the computational grid 

(domain discretization) are required. This imposes a limitation on the minimum resolution usable for 

modeling 2D rivers and streams [36]. For instance, modeling a 5 m wide valley in 2D may necessitate 

a minimum computational grid resolution of approximately 1.5 m, while for a 30 m wide river, a 10 

m resolution may suffice [15]. 

In scenarios where simulated flows exceed the transit capacity of the riverbed, predefined paths 

are delineated within the flood zone. This involves describing the riverbed and floodplain using a 

grid or raster domain, which is based on the digital terrain model (Figure 8). 

0
100
200
300
400
500

D
at

a

1
8
/0
6
/2
0
…

1
8
/0
6
/2
0
…

1
8
/0
6
/2
0
…

1
9
/0
6
/2
0
…

1
9
/0
6
/2
0
…

1
9
/0
6
/2
0
…

2
0
/0
6
/2
0
…

2
0
/0
6
/2
0
…

2
1
/0
6
/2
0
…

2
1
/0
6
/2
0
…

2
1
/0
6
/2
0
…

2
2
/0
6
/2
0
…

2
2
/0
6
/2
0
…

2
3
/0
6
/2
0
…

2
3
/0
6
/2
0
…

2
3
/0
6
/2
0
…

2
4
/0
6
/2
0
…

2
4
/0
6
/2
0
…

2
4
/0
6
/2
0
…

2
5
/0
6
/2
0
…

2
5
/0
6
/2
0
…

2
6
/0
6
/2
0
…

Q
 (

m
c/

s)

Data

Q  P% Jijia Victoria

P% 0.1 P%1 P%2 P%5 P%10 P%20

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 April 2024                   doi:10.20944/preprints202404.1783.v1

https://doi.org/10.20944/preprints202404.1783.v1


 8 

 

 

Figure 8. 2D network generation, geometric data. 

Exposure elements such as buildings are also taken into account in river modeling. A raising of 

the digital model of the land is made on the footprint of the buildings. (Figure 9). 

 

Figure 9. Geometric data, 2D Flow area. 

The footprint of the buildings serves as a crucial layer in 2D type modeling, allowing us to 

accurately determine if they lie within the flood zone or are shielded from potential floods (see Figure 

10). 

 

 
 

Fig.7 2D network generation, Geometric data 
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Figure 10. Area of interest - Ungheni commune with the imprint of the houses introduced in RAS 

Mapper. 

In the process of hydrological and hydrodynamic modeling, accurate information regarding 

land use is indispensable. Flood waves simulated for different probabilities of exceedance can be 

significantly influenced by land use, impacting the flow route and overflow limits. This crucial 

information was acquired through photointerpretation from orthophoto maps or through direct 

observations.[21,34,37,38] 

The land cover layer is particularly essential as it contains the values of Manning's roughness 

coefficient corresponding to the associated geometry. It is imperative for this layer to encompass 

spatially variable values within 2D flow zones, as depicted in Figure 11. 

 

Figure 11. Footprint of the buildings in the flooded area. 

After the creation of the land cover layer, the association with land geometry is established based 

on the roughness characteristics (Figure 12). This integration ensures that the roughness values 

correspond appropriately to the land features, as illustrated in the image below (Figure 13). 

 

Figure 12. Manning's roughness coefficient table in RAS Mapper. 

 

Figure 13. Associating the Land Cover layer with the Land Geometry. 

In the modeling process, it is imperative to consider all significant hydrotechnic structures such 

as dams, reservoirs, polders, bridges, and roads, as these elements can substantially impact the flow 

hydrographs. Specifically, in areas encompassing dykes, riverbeds, railways, and roads, a meticulous 
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approach was adopted. This involved aligning the cells and discretizing them into smaller elements, 

resulting in a reduction of the calculation cell size to 2x2 meters. 

The computational grid or mesh utilized in our modeling process plays a pivotal role in 

discretizing the study area. This approach involves employing fixed-size square cells in grids of 

varying resolutions within the same model. Additionally, a mesh network comprising irregular 

elements, such as triangles or quadrilaterals, is employed, allowing for flexibility in element size. This 

enables us to finely tune specific areas of interest, such as dykes, defense lines, or the riverbed, to 

obtain detailed flow information. Conversely, in regions lacking vulnerable elements or areas 

deemed less critical, larger elements can be utilized to optimize simulation times. This network of 

irregular elements may vary within the same mesh or pattern, offering versatility in modeling 

different aspects of the study area. 

3. Results 

3.1. Scenarios and Running the Model. Model Calibration 

In the model calibration process, determining scenarios and running the model are critical steps. 

Achieving accuracy in predicting the maximum river level hinges on the duration of the hydrograph. 

Typically, a deviation of up to 30 minutes from the actual occurrence time is deemed acceptable in 

many cases. However, river basins characterized by a longer growth time may warrant a higher 

tolerance threshold. Conversely, for basins with a rapid response, a tolerance as low as 15 minutes 

may be necessary to ensure accurate predictions ( Figure 14). 

  
 

Figure 14. Calculation grid. 

3.2. Extraction of Results: Types of Results, Generation of Results, Storage and Processing of Results 

In the extraction of results, various types of data are generated, stored, and processed to provide 

valuable insights. Post-processing involves the exclusion of areas with minimal surface area and 

depth, as depicted in Figure 15. Additionally, maps are generated to illustrate key parameters such 

as maximum water depths, flood limits, and maximum speed. 

 

 
 

Figure 15. Model run. 
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ArcGIS serves as a versatile tool for extracting different datasets, enabling the extraction of speed 

and water depth files. These files contain detailed information stored in raster format, with each cell 

representing different values of depth at a resolution of 2x2 meters. This pixel resolution ensures 

accuracy and granularity in the analysis of hydraulic modeling results [27–29]. 

The resolution and accuracy of a Digital Terrain Model (DTM) for a major riverbed are critical 

factors determined by the modeling objectives, approach, and study area. The DTM resolution sets 

the upper limit for the resolution of the 2D hydraulic model, as improvements beyond the DTM 

resolution are impractical. 

In some cases, higher-resolution DTM data may be necessary to identify preferential flow paths 

and major riverbed blockages. Detailed flood studies at the local level require more precise DTM data 

compared to broader strategic or basin-level studies. Recommendations suggest a vertical accuracy 

of 0.5 meters and a spatial resolution of at least 10 meters for major rural riverbeds. Conversely, urban 

areas may necessitate a vertical accuracy of 0.05 meters and a spatial resolution of 0.5 meters to 

account for the finer details such as building distances. 

In 2D hydraulic models, roughness values may vary across the computational network. Land 

use classes derived from land cover layers are typically used to categorize the model domain, with 

each class assigned a specific roughness value. The roughness values can be adjusted based on model 

resolution; for instance, higher roughness values may be applied in areas where elements like 

buildings and walls are not represented in the DTM. [31] 

Flood hazard mapping is accomplished by overlaying and intersecting the water surface from 

the hydrodynamic modeling stage with the DTM in a Geographic Information System (GIS) 

environment. This process allows for the visualization and analysis of flood extents and hazard zones 

[32,33]. 

The geospatial databases obtained were interrogated with specific G.I.S. tools from ArcGIS, 

obtaining the following scenarios: For the scenario of 0.1% flood risk with low probability of 

occurrence, the territories of Queue Stâncii and Mânzătești villages are exposed. In these areas, the 

flood risk may affect 882 buildings (62653.4 sqm), 42 plots with different categories of use (842.16 ha) 

and 55 infrastructure sections with a total length of 13.50 km. In the 1% flooded risk scenario (Figure 

16). 

 

Figure 16. Flood hazard map. 

4. Conclusions 

This study examines various flood scenarios, analyzing the extent of potentially inundated areas 

and water depths for different probabilities of exceedance (Qp%). The scenarios, ranging from 20% 

to 0.1%, align with the requirements stipulated in Directive 2007/60/European Community, ensuring 

compliance with regulatory standards. Hazard maps, developed in adherence to the Floods 
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Directive, delineate regions at risk of flooding, providing a comprehensive overview of flood-prone 

areas. These maps encompass scenarios with different probabilities of occurrence, including low 

probability (Q0.1%), average probability (Q1%), and high probability (Q10%) events, offering insights 

into potential flood occurrences over varying timeframes. 

Hydraulic modeling offers numerous advantages, serving as a versatile tool for simulating 

diverse flood events and informing decision-making processes. It facilitates the identification and 

prioritization of appropriate mitigation measures, enables proactive risk assessment, and addresses 

hypothetical scenarios through comprehensive modeling. Furthermore, hydraulic modeling 

accommodates the complexities of urban environments, capturing the intricate dynamics of surface 

runoff and sewer systems. 

However, it is essential to acknowledge the inherent limitations of hydraulic modeling. While 

valuable for assessing flood risks, hydraulic models offer a simplified representation of reality and 

may not encompass all relevant factors present on the ground. Despite these limitations, hydraulic 

modeling remains a valuable asset in flood risk management, offering invaluable insights into flood 

hazard assessment and mitigation strategies. 
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