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SUMMARY

The methodology of flood modeling with accuracy assessment based on the satellite image was
developed. The territory near the channel of the Dniester River near the city of Galich, flooded as a
result of the flood, which acted in the western regions of Ukraine on June 23-28, 2020, was selected
for modeling. The hydrological module NES-RAS, which operates according to the physical model of
the channel process reproduction, was used for modeling. The input data were morphometric and
hydrological characteristics of the channel section. Cross profile lines were constructed on the basis of
DEM created by the cartometric method using the topographic map of scale 1: 10000 with a relief
section of 1m. Satellite data of the modeled area were used to assess the results; the accuracy of
modeling is 0.57%.
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Introduction

In recent years the number of floods and flooding has increased in Ukraine, the destructive power of
which is constantly growing. These dangerous natural disasters cause significant damage to human
life and health, economic infrastructure and cultural heritage.

According to the Ukrainian Hydrometeocenter, about 200-235 mm of precipitation fell during June
23-24, 2020, half of which fell locally within three hours. This led to the formation of a flood in the
section Galich - Zaleshchiki, which is considered the largest in the history of Western Ukraine in the
last 60 years. This level of precipitation caused a significant rise in water levels in rivers, particularly
in the Dniester, Prut, Cheremosh and Bystritsa, which led to flooding in the lvano-Frankivsk,
Chernivtsi, Lviv, Zakarpattia and Ternopil regions. The consequence of a significant rise in water
levels in the rivers was significant flooding of some settlements, where levels in the rivers were rising,
but the dams remained undamaged, which contributed to the accumulation of water. The total losses
are estimated at 3-4 billion hryvnias.

The water level in the bed of the Dniester River increased by 5 meters and flooded the city of Galych,
Ivano-Frankivsk region, in particular the regional hospital, where patients with coronavirus infection
were treated. In order to minimize the damage, to prevent the tragic consequences of these disasters
and to inform the population operatively, the methods of flood zone modeling to predict the scale of
destruction have been used in the world practice for the last decades. Such modeling requires study of
morphological characteristics of river channel and is based on use of remote sensing data and use of
special hydrological software modules.

One of the most common GIS software modules for hydrologic modeling is HEC-RAS (Hydrologic
Engineering Center - River Analysis System), developed at the U.S. Army Corps of Civil Engineers
Hydrologic Engineer. HEC-RAS consists of a graphical interface, individual analysis components,
data storage and management tools, graphics tools, and reporting tools (HEC, 2006). HEC-RAS is
based on the physical model used by the vast majority of modules used in hydrologic modeling
(Frevert, 2006). For spatial data in a GIS environment, there is an extension to HEC-GeoRAS that
allows geospatial data to be processed in ArcGIS using a graphical interface.

Method and Theory

The object of the study is a part of the Dniester River, which is located near the city of Halych, lvano-
Frankivsk region. Studies of planned channel displacements over a 100-year period are presented in
(Burshtynska, 2016, Burshtynska, 2018). It is known that the catalysts for such shifts are floods or
flooding phenomena, which contributes to the expansion of the river and significant flooding of land.
The location of the study site is shown in Figure 1.
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Figure 1 Location of the study area

5 10 20

Legend: :

GeoTerrace-2021
4-6 October 2021, Lviv, Ukraine



Terrace
Conference

We have developed a methodology for flood modeling with accuracy assessment based on satellite
imagery. The main stages of modeling using the HEC-RAS module are: collection and analysis of source
materials, construction of DEM, determination of hydrological parameters of water level changes,
construction of necessary basic geometric attributes on the basis of ArcGIS 10. 1 and HEC-GeoRAS tools,
export of data to HEC-RAS using HECGeoRAS tools, input of hydrological information, carrying out
calculations over data in HECRAS program, visualization of calculation results as profiles using HEC-
RAS module, export of calculation results from HEC-RAS to ArcGIS 10.1, simulation of flood zones,
based on calculation results, analysis of obtained results (HEC-RAS, 2010).

By its structure and significance, the input data can be divided into two types: basic and hydrological
information for operational calculations. Preparation of basic information is carried out in several stages:
collection of information and data, selection and analysis of cartographic information, allocation of
calculation sites. Hydrological information for operational calculations of steady-state water flow includes
graphs or tables with data on dependencies of water discharge or water volume in a water body on absolute
elevations, roughness coefficients and coefficient of channel slope level, width and depth of a channel.
Operational hydrological information is important and of particular value in the calculation. Figure 2
shows the hydrograph obtained from the hydrological post near the Galych town.
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Figure 2 Hydrological data for the period 23.06 - 30.06.2020

Before starting modeling, using the HEC-GeoRAS extension, an import file must be created that
includes the following layers: stream centerline, bank lines, flow path centerlines, and cross-section
lines. For better display the import file was built on the basis of the linked image of the study area.
Stream centerlines are a collection of lines running behind the center of the mass of water flowing
through the river. The bank lines separate the coastal water level from the riparian zones. To set the
direction of flow of the channel, you must draw two parallel lines along the shorelines and determine
their position (right/left) relative to the direction of flow. The cross-section lines recognize the
direction and position of the traces along which the cross-section data will be obtained from the DEM
and also define the boundaries of the modeling section (Moradkhani, 2008). Since the study area is
characterized by a sharp right bank, the cross-section lines almost do not cover its area. Because the
DEM in the study area is complex, the interval between the cross sections is therefore 50 m. The
composition of all the layers is shown in Figure 3.

Figure Composition of HEC-RAS layers
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After applying all the necessary layers, it is necessary to fill the fields of their attribute tables with the
values that will be obtained from the DEM. After successful filling of all the fields, the data is ready
for exporting to HEC-RAS. Imported data requires input of distances between adjacent profiles and
roughness values. As a rule, three roughness values must be written on each profile: left-hand pool,
channel, and right-hand pool. All parameters described above, except the channel roughness
coefficient, are filled in automatically based on attribute tables. Roughness coefficients are taken into
account directly in conjunction with the length of areas of equal roughness, both channel and
floodplain, taking into account the slope of the watercourse channel, which is expressed in the
difference of elevations of water levels in the design sections (Chow, 1959). The final result of the
modeling is the simulation of flooding areas, in raster and vector format, which allows obtaining
flooding areas with high accuracy.

The DEM that was used in the study was created cartometrically using a topographic map, scale
1:10000 with a relief cross section of 1 m. The mean square error is 1 meter in plan and 0.3 meter in
elevation.
To verify the accuracy of the simulation, a satellite image from Planet.com was used as of June 26,
2020, when the flood occurred. The pixel size of the image is 3 m. The vectorized areas of flooding
obtained from the satellite image are shown in Figure 4.
The comparison of areas was done using the formula:

A S = (a/b-1)*100 1)

where, a is the real area, b is the simulated area.

The composition by the modeled area of flooding and the real area obtained from the satellite image is
shown in Figure 5.

real flood areas

- simulated flood areas

Figure 4 Real flood areas Figure 5 Composition of modeled and real flood areas
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The area of real flooding areas is 613.6 hectares simulated - 610.1 hectares. It was found that the
difference between the real and simulated flooding areas is 0.57%, which indicates a high accuracy of
modeling.

Conclusions

Modern technology uses automated methods for determining the areas of flooding and destruction
during floods and inundation.

One of the software tools used for flood modeling is the HEC-RAS module, which provides for the
introduction of the following basic parameters: the central line of the channel, bank lines, guiding
flows and cross-section lines determined from the DEM. 3.

The DEM that was used in the study was created by the cartometric method using a topographic map
of scale 1:10000 with a relief section of 1 m. Mean square error is 1 meter in plan and 0.3 meter in
height.

The reliability of the simulation depends on the accuracy of the DEM, the Manning coefficients
entered and the hydrological data.

Satellite image was used to estimate modeling accuracy. It was found that the accuracy of modeling is
0.57%.
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