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SUMMARY 

In the last 20 years, Ukraine has experienced significant floods that have led to emergencies. Recent 
research suggests that under the influence of climate change, the recurrence of high floods in Ukraine 
and their magnitude will increase by the end of this century. 

One of the modern technologies of adaptation to extreme manifestations of climate change in the water 
sector is technology of flood hazard assessment and mapping. Its use can help prevent and reduce losses 
in the Ukrainian economy. The technology flood’s hazard assessment and mapping are used to identify 
areas at the risk of flooding, and consequently to improve flood’s risk management and disaster 
preparedness. Flood hazard assessments and maps typically look at the expected extent and depth of 
flooding in a given location, on the basis of various scenarios. 

This paper presents the structure and content of this technology designed by us and adapted to modern 
remote methods of environmental research and geographic information technologies. 
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Introduction 
 
In the last 20 years, in Ukraine, significant floods that have led to emergencies have been observed in 
1995, 1998, 2001, 2008, 2010,2017, 2020.  

Only from 2000 year more than 280 emergency flood events were in Ukraine: loss from flood – 6 203 
750 ₴ or 228 079 €; expenses for liquidation flood events with adverse consequences – 65 419 925 ₴ 
or 2 405 144 € (Danko et al., 2019). The losses from the 2020 flood are the largest and amount to 5 
billions (Naibilsh masshtabni pavodky v istorii Ukrainy, 2020). Our research (Didovets et al., 2019) 
shows that the recurrence of high floods in this area and their magnitude will increase by the end of this 
century. One of the modern technologies of adaptation to extreme manifestations of climate change in 
the water sector is technology of flood hazard assessment and mapping. Its use can help prevent and 
reduce losses in the Ukrainian economy. The General description of technology flood’s hazard 
assessment and mapping are used to identify areas at the risk of flooding, and consequently to improve 
flood’s risk management and disaster preparedness. Flood hazard assessments and maps typically look 
at the expected extent and depth of flooding in a given location, on the basis of various scenarios.  
 
Categories and definitions of droughts 
 
There are several definitions of term “flood” in the world literature (Díez-Herrero et al., 2009): 

1. According to Webster’s unabridged dictionary, flood signifies “a rising and spreading of water over 
land not usually submerged”. It is synonymous with inundation, from the Latin verb inundate.  

2. The Spanish Basic Directive on Planning Civil Protection Against Flood Risks defines a flood as the 
temporary submersion of normally dry lands as a result of an unusual and more or less sudden flow of 
a quantity of water which exceeds to a given zone’s usual quantity.  

3. The Federal Emergency Management Agency (FEMA) in the United States further quantifies the 
surface subject to flooding in order to consider it a flood: “A general and temporary condition of partial 
or complete inundation of two or more acres (0.81 ha) of normally dry land area or of two or more 
properties”, that is, an excess of water (or mud) over land that is normally dry.  

4. The European Community Directive 2007/60/EC on the assessment and management of flood risks 
defines flooding as “the temporary covering by water of land not normally covered by water”. Flood 
risk, therefore, refers to the potential situation of loss or harm to persons, material belongings or services 
as a result of the covering of normally dry areas with flood, which are assigned a specific severity 
(intensity and magnitude) and frequency or probability of occurrence. 

An integrated analysis (Stock, 1996), covering the cause-effect chain of precipitation-runoff generation 
– runoff concentration – flood wave propagation – (routing) -inundation – flood damage, would allow 
for a comparative assessment of the various flood-triggering and damage-causing factors. 

The state-of-the art evaluation on flood risk should include all relevant levels of flood risk composition, 
both the aspects of naturally induced hazard and vulnerability due to the activity of humans (Plate, 
2002). The European Flood Directive defines it as the “combination of the probability of a flood’s 
occurrence and the potential negative effects on human health, the environment, cultural heritage and 
economic activity associated with flood”. There are essentially two types of natural floods: surface 
flooding (“inland” flooding), in which fresh waters inundated areas of the inner parts of continents; and 
coastal flooding, in which sea waters or lake-marsh waters inundate the areas along the edge of surface 
regions. 

Surface (river) flooding is prevailing type of flooding in Ukraine. Flood-prone regions of Ukraine are 
located in the catchments of different Carpathian inflows in the Dniester, in the area of some Danube 
tributaries as well tributaries of the Prypyat (Dnipro) in the northwest of the country.  

To implement at the Association Agreement between Ukraine on the one hand and the European Union 
on the other hand, one of the priorities for the environmental policy of Ukraine is the harmonization of 
the water legislation of Ukraine with the EU legislation, in particular, with Directive No. 2000/60 / EC 
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"On the establishment of the Community framework for activities in the field of water policy "(Water 
Framework Directive, WFD) and Directive 2007/60 / EC" On Flood Assessment and Management 
"(Flood Directive), the main principles of which are the implementation of an integrated basin water 
management model and flood management. 
 
Description of the technology structure and implementation process  
 
Flood’s hazard assessment and mapping technology consists of 4 stages (Figure 1): 
1. The collection of information about areas at risk of flooding; 
2. The preparation of information, tools and data preprocessing; 
3. Flood modelling and scenario design; 
4. Flood Hazard Assessment/Risk Mapping. 
 

 
 

Figure 1 The structure of flood hazard assessment and mapping technology 
  
In the first stage of the technology, all kinds of the information required for flood’s risk assessment 
must be collected. Data for flood’s risk assessments include both field measurements and remote 
sensing data. Observational data sources used in flood hazard assessments are either station data (e.g., 
meteorological stations, discharge gauging stations) or gridded data (e.g., reanalysis data, satellite data). 
In hydrological flood studies, the most commonly used data are streamflow measurements. Next steps 
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in this technology stage for flood’s hazard assessment are: 1) a preparation of detailed topographical 
and specialized maps and digital elevation models of the river basin district at the appropriate scale 
including the borders of the river basins, sub-basins and, where existing, coastal areas, showing 
topography and land use; 2) a description of the floods which have occurred in the past and which had 
significant adverse impacts on human health, the environment, cultural heritage and economic activity 
and for which the likelihood of similar future events is still relevant, including their flood extent and 
conveyance routes and an assessment of the adverse impacts they have entailed; 3) a description of the 
significant floods which have occurred in the past, where significant adverse consequences of similar 
future events might be envisaged. 

In the second stage of the technology, there must be the preparation of information, chose of 
hydrological models, mapping tools and data pre-processing. The most common hydrological models 
are MIKE FLOOD, MIKE 11, MIKE 21, InfoWorks RS, LISFLOOD-FP. MIKE FLOOD is highly 
efficient and flexible for riverine flood modelling. Flood mapping, risk and hazard analysis of flood 
incidents from extreme upstream inflows as well as local high intensity rainfall in surrounding 
catchments are perfectly modelled with MIKE FLOOD. MIKE FLOOD enables flood simulations at 
multiple scales from river basins to local cells and flood-prone areas along the river. Riverine flood 
modelling commonly consists of a coupled model of 1D river component, MIKE HYDRO River, and 
the 2D overland flow component, MIKE 21. The flexibility of the coupled 1D/2D models provides 
numerous opportunities to analyse complex flooding issues, such as: • Conveyance problems due to 
improper maintenance of vegetation • Limited upstream flood storage capacity • Crossing 
infrastructures reducing flow capacity in rivers and floodplains • Flood preventions through optimized 
structure operation in reservoirs • Flood impacts from dam break or levee breach failures • Land use 
changes • Climate change flood risk impacts. 

Riverine flood modelling with MIKE FLOOD combines river model component, MIKE 11, and our 2D 
surface modelling component, MIKE 21. Riverine modelling can also conduct with detailed 
hydrological components and groundwater and surface water interaction using MIKE SHE packages. 
This includes a surface flood component and a linkage to MIKE 11. The lack of reliable data to calibrate 
and validate models is often a challenge, especially in ungauged catchments or remote parts of the 
world. This can often be overcome by using remote sensing information input. Satellite images provide 
valuable information across time and space, about flood events. Satellites can be used to generate up-
to-date maps of flooding. InfoWorks RS is a river modelling software for open channels, floodplains, 
embankments and hydraulic structures. It combines in a single environment a 1D-2D simulation engine, 
a geographical analysis and a relative database. InfoWorks RS can be used for accurate and timely flood 
forecasts and risk assessments. It can accurately simulate rainfall and storm events to evaluate the 
preparedness and plans of action before flooding occurs.  

LISFLOOD-FP is a two-dimensional hydrodynamic model specifically designed to simulate floodplain 
inundation in a computationally efficient manner in complex topography. It is capable of simulating 
grids up to 106 cells for dynamic flood events and can take advantage of new sources of terrain 
information from remote sensing techniques such as airborne laser altimetry and satellite interferometric 
radar. The model predicts water depths in each grid cell at each time step, and hence can simulate the 
dynamic propagation of flood waves over fluvial, coastal and estuarine floodplains.  

In the third stage, there must be scenario design and flood modelling. DIRECTIVE 2007/60/EC 
OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 23 October 2007 on the 
assessment and management of flood risks foresees the following scenarios: (a) floods with a low 
probability, or extreme event scenarios; (b) floods with a medium probability (likely return period ≥ 
100 years); (c) floods with a high probability, where appropriate according to the following scenarios: 
(a) floods with a low probability, or extreme event scenarios; (b) floods with a medium probability 
(likely return period ≥ 100 years); (c) floods with a high probability, in case it is appropriate. 

In the fourth stage an assessment (Flood Hazard Assessment/Risk Mapping), the assessment shall 
include at least the potential adverse consequences of future flood for human health, the environment, 
cultural heritage and economic activity, taking into account as far as possible issues such as the 
topography, the position of watercourses and their general hydrological and geomorphological 
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characteristics, including floodplains as natural retention areas, the effectiveness of defence 
infrastructures for existing man-made flood, the position of populated areas, areas of economic activity 
and long-term developments including impacts of climate change on the occurrence of flood. For flood 
hazard visualization, we must use the creation of flood hazard maps, which shall cover the geographical 
areas which could be flooded according to the following scenarios, which have been chosen in the third 
stage of technology (Figure 1). Flood hazard mapping is a basic component in flood risk analysis 
studies, as it permits the effective evaluation of the spatial distribution of the various elements for 
severity (such as water surface level, flow velocity, sediment transport, or characteristic times) and 
frequency (return periods or exceedance probability) of the flood phenomenon. Furthermore, they offer 
the utility of being able to link the maps and their associated databases to exposure and vulnerability 
maps in order to analyse and predict risk in an integrated manner by using such tools as geographic 
information systems (GIS). Hazard can be mapped in three zones (high, medium, and low) for which 
boundaries and usage restrictions must be established. Likewise, different tools may be used to prepare 
these maps, both for hazard analysis and integrating risk factors. 

 
Conclusions 
 
Since 2000, more than 280 emergency floods have occurred in Ukraine. Due to climate change, the 
frequency and severity of floods are increasing. The implementation of the technology for flood risk 
assessment and mapping is very important for Ukraine. Its implementation can have significant socio-
economic benefits, if a number the barriers are to be overcome. 
Very important barriers for implementation according to project experts are: lack of state support of 
hydrometeorological monitoring; measuring equipment, gauges and data transferring; lack of long-term 
satellite, meteorological and hydrological data sets; lack of awareness about benefits of technology. 
 
References  
 
Danko, K., Nabyvanets, Yu., Filippova, Yu., Korniienko, V., Lobodzinskyi, O., Surai, K, Malyshev, A. 

and Sokolchuk, K. [2019]. Steps to implement of directive 2007/60/EC in Ukraine and preliminary 
flood risk assessment. XXVIII Conference of the Danubian countries on Hydrological forecasting 
and Hydrological bases of water management, Kyiv, 05-08 November 2019 (Presentation). URL: 
https://uhmi.org.ua/conf/danube_conference_2019/presentations/ 

Didovets, I., Krysanova, V., Bürger, G., Snizhko, S., Balabukh, V. and Bronstert, A. [2019]. Climate 
change impact on regional floods in the Carpathian region. Journal of Hydrology: Regional Studies. 
Vol. 22. https://doi.org/10.1016/j.ejrh.2019.01.002. 

Díez-Herrero, A., Laín-Huerta, L. and Llorente-Isidro, M. [2009] A Handbook on Flood Hazard 
Mapping Methodologies / Geological Survey of Spain. Area of Research in Geological Risks and 
Hazards; Madrid: Spanish Geological Survey.190 pgs. 

Naibilsh masshtabni pavodky v istorii Ukrainy [2020]. Analytics portal Slovo I Dilo. 24 Jun. 2020. 
Web.   URL: 

 https://www.slovoidilo.ua/2020/06/24/infografika/suspilstvo/najbilsh-masshtabni-pavodky-
istoriyi-ukrayiny 

Plate E.J. [2002]. Flood risk and flood management. Journal of Hydrology. 267, 2-11. 

Stock M. [1996]. Hochwasser risikoanalyse. In A.Bronstert (Ed.) Hochwasser in Deutschland unter 
Aspekten globaler Veraenderungen, PIK-Report No.17. 47-52. 

 
 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


