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SUMMARY 

 
 

In recent years, more and more often you can see the picture of the flood situation, this is provoked by 

the irrational use of water protection areas, land and forest resources. Each of these land categories 

has changed due to an increase in the anthropogenic load factor. The lack of clear instructions affects 

the effectiveness of flood risk management plans, their quality and coordination ability depend on the 

practical experience of the developers. A basic model of the flooded zones of the Uzh river was 

developed in the paper using the DEM and the equation of the annual water balance, taking into 

account the coefficients that affect the surface runoff, namely the influence of the vegetation covers 

and the granulometric composition. Such model gives possibility to show the risks of flooding and 

help develop a flood protection program for population. 
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Introduction 

 

In recent years, more and more often you can see the picture of the flood situation, this is provoked by 

the irrational use of water protection areas, land and forest resources. Each of these land categories 

has changed due to an increase in the anthropogenic load factor. 

 

To address the flood problem at the international level, Directive 2007/60/EC of the European 

Parliament and of the Council of 23 October 2007 “On the assessment and management of flood 

risks” (Directive 2007/60/EC, 2007) was adopted. This is due to the fact that rivers in European 

countries cross the borders of several countries at once, and therefore problems, in particular the 

occurrence of floods, will require the involvement of all involved actors. In connection with this 

feature of water resources, their management is carried out according to the basin principle of 

management, in contrast to other objects of land relations, the regulation of which is carried out 

according to the administrative principle. 

 

Literature review 

 

In pursuance of Resolution No. 1106 (Resolution No. 1106, 2017), taking into account Articles 4, 6 

and 7 of Directive 2007/60/EC, the State Emergency Service of Ukraine developed and published the 

following documents:   

• "Methodology for the preliminary assessment of flooding risks", approved by the Order of the 

Ministry of Internal Affairs of Ukraine dated January 17, 2018 No. 30 (Order No. 30, 2018), 

• "Methodology for the development of maps of threats and risks of flooding", approved by the 

Order of the Ministry of Internal Affairs of Ukraine dated February 28, 2018 No. 153 (Order 

No. 153, 2018) 

• "Procedure for developing a flooding risk management plan", approved by the Resolution of the 

Cabinet of Ministers of Ukraine dated April 4, 2018 No. 247 (Resolution No. 247, 2018). 

 

Analysis of the legislative framework and publications (Kozytsky O.M. et. al., 2018), (Kozytsky O.M. 

et. all, 2019) indicates the complexity of their practical use in assessing flooding risks and developing 

flood risk management plans. These regulations contain recommendations and proposals without 

specifying a clear algorithm for assessing flooding risks and developing flood risk management plans. 

The lack of clear instructions affects the effectiveness of flood risk management plans, their quality 

and coordination ability depend on the practical experience of the developers. 

 

Purpose 

 

Development of a technique and creation of a model of flood zones on the example of the river Uzh 

will show the risks of flooding and help develop a set of measures to protect the population. 

 

Methods and results 

 

Inundation zones are simulated in several stages. First you need to create a digital elevation model of 

the riverbed (Fig.1). To do this, in the Digitals software, we have selected layers that carry 

information about the height component, namely: 

- horizontals (main, thickened, auxiliary) 

- elevation marks 

- results of tacheometric surveying 

- dams, embankments, pits. 

 

The second stage is the calculation of the coefficients that affect the surface water runoff, in 

particular, the coefficients of the influence of vegetation cover on this process. It is advisable to make 

such a calculation for two separate periods (summer, winter), and for spring and autumn to take 

intermediate average indicators (taking into account the climatic component). After the distribution of 
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the variation series, the summer water balance equation will take the following form: 

 

W=Pi*((Kpi*Spi)+(Кgі*Sgі)),    (1) 

 

where W - normal annual average water flow, Рі represents the differentiated catchment area in 

relation to the total, coefficients Кgі and Kpi are responsible for the granulometric composition and 

type of vegetation cover on the areas Sgi and Spi, respectively. 

 

 
Figure 1 Digital elevation model of the riverbed 

 

In accordance with the granulometric composition, the coefficient Кgі will take the following values: 

- high-moor peat - 0.011-0.01 m / day; 

- low peat - 0.01-1 m / day; 

- fine sand - 0.01-1 m / day; 

- sandy loam - 0-1 m3 / day; 

- loam - 0.001-0.1 m / day; 

- clay - 0.001 -0.01 m / day. 

 

 The value of the coefficient of vegetation cover influence Kpi are given in Table 1. 

 

Table 1 The value of the coefficient of vegetation cover influence Kpi 

 Minimum Normal Maximum 

a. Pasture, no brush    

1.short grass 0.025 0.030 0.035 

2. high grass 0.030 0.035 0.050 

b. Cultivated areas    

1. no crop 0.020 0.030 0.040 

2. mature row crops 0.025 0.035 0.045 

3. mature field crops 0.030 0.040 0.050 

c. Brush    

1. scattered brush, heavy weeds 0.035 0.050 0.070 

2. light brush and trees, in winter 0.035 0.050 0.060 

3. light brush and trees, in summer 0.040 0.060 0.080 

4. medium to dense brush, in winter 0.045 0.070 0.110 

5. medium to dense brush, in summer 0.070 0.100 0.160 

d. Trees    

1. dense willows, summer, straight 0.110 0.150 0.200 

2. cleared land with tree stumps, no sprouts 0.030 0.040 0.050 

3. same as above, but with heavy growth of sprouts 0.050 0.060 0.080 

4. heavy stand of timber, a few down trees, little 

  undergrowth, flood stage below branches 
0.080 0.100 0.120 

5. same as 4. with flood stage reaching branches 0.100 0.120 0.160 
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The next step is loading the data into the appropriate software. We used the American version of the 

hydrological modeling software: HEC-RAS (Mapper) developed by the U.S. Army Corps of 

Engineers (USACE) Hydrologic Engineering Center (CEIWR-HEC). This 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. We load our 

created DEM and water balance equations into HEC-RAS, choosing the maximum indicators for the 

annual runoff, as well as prescribing the areas of the corresponding vegetation cover (Land-Use), 

which will also take into account water retention by shrubs and forest cover. 

 

After that, it is necessary to indicate the time of the hydrological calculations and the flood (the fields 

of the corresponding tables should be filled in the same way). After saving these settings, a 

geographic database was obtained, which is created automatically by this software package. The result 

is shown in Fig. 2. 

 

 
Figure 2 View of prepared data in HEC-RAS 

 

After launching the simulation module at certain sample intervals, a basic model of the flooded zones 

was formed. The model is shown in Fig. 3. 

 

 
Figure 3 Basic model of the flooded zones of the Uzh river 
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We consider this flooding model to be basic, since the following were not taken into account in its 

construction: 

- engineering communications (bridges, pipes); 

- ambient temperature; 

- no data spontaneous landfills. 

 

Conclusions 

 

A basic model of the flooded zones of the Uzh river was developed using the DEM and the equation 

of the annual water balance, taking into account the coefficients that affect the surface runoff, namely 

the influence of the vegetation covers and the granulometric composition. However, this model is 

subject to further improvement. For this, information on bridges, pipelines and natural landfills should 

be entered, which will allow the development of the maximum correct hydrological model of the 

flooded zones of the Uzh river, with the subsequent possibility of developing a flood protection 

program. 
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