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    Introduction 

 

Flood event maps are based on floods which occurred in the near or far past. Flood risk maps 
integrate the potential hazards with the vulnerabilities of existing or potential economic activities 
when exposed to floods of a range of probabilities. It shows the average damage per unit area, 
often expressed in monetary terms. Flood hazard maps show areas which could be flooded 
according to three probabilities (low, medium, high) complemented with: type of flood, the flood 
extend, water depths or water level, flow velocity where it is relevant. Flood risk maps expressed 
in terms of: the indicative number of inhabitants potentially affected; type of economic activity 
of the area potentially affected; installation which might cause accidental pollution in case of 
flooding. Flood mapping heavily depends on high quality data. On the basis of GIS database on 
the macro and micro level of research, GIS and statistical analyses are done from which a whole 
series of thematic maps (1-4) is generated. Depending on the methodology used, the MCDA-GIS 
process included specific criteria groups based on which a flood risk model is generated. Flood 
event maps show the observed flood events and their extent as recorded by different means. 
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1. Study of hazard and risk assessment of floods due to heavy 
precipitation and sea action in pilot areas in Croatia (STREAM 
project) 

 

The main goal of work task 1 is to create a study of the hazard and risk assessment of floods 

due to heavy precipitation and the action of the sea. Within the scope of this Study, and the 

entire STREAM project, it is necessary to carry out activities that will result in the creation of a 

flood cadastre, i.e. maps of the danger and risk of floods due to heavy rainfall in six pilot areas 

in Croatia, as well as the establishment and improvement of a system for forecasting floods 

from heavy rainfall and actions of the sea in Zadar, all with the help of hydrological hydraulic 

modeling. Also, although there are maps of the danger and risk of flooding from the sea, they 

are made only on the basis of projections of high sea levels and topographic bases and do not 

include the dynamics of the sea, i.e. the influence of waves, storm surges and meteotsunamis, 

which can significantly affect the coverage of the flooded coastal area. 

 

 

 

1.1. Analysis of precipitation in pilot areas 
 

Basic processing of the precipitation regime will be carried out 
of short-term heavy precipitation, for a period of at least 30 years from one ombrographic 
station closest to each pilot area (Zadar, Split, Metković, Poreč, Gospić and Biograd na Moru), 
which will include the following: 
• Analysis of the acceptability of ombrographic data for further analysis - comparison of 
precipitation amounts measured by rain gauge and ombrograph 
• Analysis of trends and probability of occurrence of short-term heavy precipitation for 
durations from 10 min to 24 h, as well as maximum cumulative curves of longer duration 
• Defining HTP and ITP curves for up to 24 hours 
• Analysis of the spatial distribution of precipitation in each pilot area 
• Analysis of the shape of the project shower for different classes of duration within the range 
of up to 24 h 
• Systematization of knowledge about the effects of climate change on the features of the 
occurrence of short-term heavy precipitation and a quantified assessment of the possible 
effects of such changes on changes in the peak runoff of stormwater 
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1.2. Assessment of the hazard and risk of flooding due to heavy 
precipitation in the pilot areas 

 
Hydrological-hydraulic analyzes of floods due to short-term heavy rainfall for three different 

probabilities of occurrence were carried out in all six pilot areas (Zadar, Split, Metković, Poreč, 

Gospić and Biograd na Moru). 

The aforementioned analyzes carried out by the Executor include the following: 

• Analysis of pilot areas and historical recorded floods caused by heavy rainfall 

• Elaboration of the methodology for the assessment of heavy precipitation runoff in urban 

areas 

• Analysis and treatment of foundations for the implementation of hydrological-hydraulic 

analyzes (topographical, hydrological, geological, land cover, infrastructure) 

• Creation of a mathematical model of precipitation runoff in a suitable computer program 

• Implementation of simulations for all precipitation durations from 1 to 24 h and for three 

different probabilities 

occurrence of precipitation in each pilot area 
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• Implementation of simulations for three selected historical events in each pilot area 

• Proposed methodology and approach for the creation of flood hazard and risk maps due to 

heavy rainfall 

• Collection of data from the local self-government on the recorded consequences of floods in 

the selected six pilot areas for the purpose of validating the model results 

• Creation of flood hazard maps for three probabilities of heavy precipitation in the six selected 

pilot areas 

• Defining the vulnerability of selected pilot areas 

• Assessment of the risk of flooding in six selected pilot areas and determination of areas with 

a potentially significant risk of flooding 

• Creation of flood risk maps due to heavy rainfall in six selected pilot areas 

• Determination of critical points (so-called Hot-spots) with an unacceptably high risk of 

flooding due to heavy rainfall 

• Defining possible locations for the implementation of blue-green infrastructure to mitigate 

the consequences of pluvial floods and hydraulic analysis of the effectiveness of the proposed 

solutions. 
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1.3. Comprehensive analysis of urban flooding in Zadar and 
improving the flood forecasting system 
 

As part of the Study, the Executor will also conduct model studies of floods from the sea for the 

city of Zadar and probabilistic studies of pluvial floods in the narrower area of the city of Zadar. 

Also, the Executor will additionally analyze the combined effect of floods from the sea (tides, 

storm surges, waves) and land (direct surface runoff of precipitation, channelized surface flow, 

flow through the sewerage system). Analyzes should cover the historical and future situation 

and the impact of climate change on 

precipitation regime and sea level rise. At this micro level, the Executor will analyze the flooding 

of the selected watershed in the urban environment on very high resolution surfaces (< 30 cm), 

with consideration 

of all relevant infrastructure elements (rainwater drainage system, transport and coastal 

infrastructure, etc.). Also, the Executor will carry out field measurements and sampling in order 

to 

assessed the quality and burden of storm water pollution at the selected location. The 

necessary analyzes to be made by the Executor should include the following: 

• A detailed description of the features of the narrower pilot area where urban flooding will be 

analyzed, along with a description of all relevant infrastructure elements that affect surface 

runoff. 

• Preparation and presentation of detailed bases (meteorological, hydrological, oceanographic, 

bathymetric, topographic, infrastructural, land cover) for the implementation of hydraulic 

modeling. 

• Analysis and processing of all actions that can cause urban flooding (precipitation runoff, river 

flow, flow in the sewage system, tides, storm surges, sea waves). 

• Elaboration of the methodology for assessing urban floods at the micro level. 

• Field research that includes site visits and data collection on existing problems. 

• Systematization of knowledge about the impacts of climate change on precipitation intensity 

and sea level rise and a quantified assessment of the possible impacts of such changes on 

flooding of coastal and urban areas. 

• Creation of a 2D/1D numerical model of surface water runoff from heavy precipitation in a 

suitable computer program. 

• Implementation of numerical simulations for different probabilities of flooding from heavy 

rainfall in the selected pilot area. 

• Creation of a 2D model of wave dynamics in the water area in front of the pilot area in a 

suitable computer program. 

• Implementation of numerical simulations for different probabilities of flooding from the sea 

in the selected pilot area. 

• Implementation of numerical simulations for different probabilities of the occurrence of 



 
 
 

382 

 

complex floods due to a combination of action from sea and land in the selected pilot area. 

• Creation of detailed hazard and risk maps of complex floods in the selected pilot area. 

• Sampling and analysis of relevant physical and chemical parameters of polluted stormwater 

from urban areas at a selected location in the urban pilot area. 

• Technical assistance in the creation of a probabilistic model for a better understanding of 

pluvial floods and the development of a pluvial flood forecasting system. 

• Technical assistance in improving the flood forecasting system from the sea. 
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2. Very high-resolution flood hazard for Metković – case study 

Through the process of processing spatial data at the meso level for the area of the city of 
Metković, it was observed that due to the terrain specifications, there is a problem of 
processing height data, i.e. the inability to distinguish between water and land surfaces, and 
the need for more precise height data (LiDAR) arose. 
 The analysis of the danger and risk of pluvial floods in the sub-basin of the city of Metković was 
carried out in accordance with the methodology proposed and elaborated within the Study of 
the assessment of the danger and risk of floods due to heavy precipitation and the action of the 
sea in pilot areas in Croatia (D 3.2.1.). 
Flood risks were assessed through hydrological-hydraulic simulations of surface runoff of 
stormwater. The basic basis for the mentioned simulations is the precipitation defined by the 
design rain for different probabilities. Detailed high-resolution spatial maps were collected and 
a digital terrain model and land use model were generated.  
The flood analysis was carried out in the HEC-RAS computer program with the aim of calculating 
the two-dimensional non-stationary flow of surface water, that is, the generation of pluvial 
floods.The result of the flood hazard analyzes are maps of water depth and velocity, as well as 
hazard levels for each observed probability.  
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Conclusion 

The development of flood risk and flood hazard maps for the cities of Zadar, Split, Metković, Poreč, 
Gospić, and Biograd na Moru, along with the case study on very high-resolution flood hazard in 
Metković, represents a significant step towards enhancing flood preparedness and risk 
management in these areas of Croatia. By creating these detailed maps, authorities and 
stakeholders gain valuable insights into the specific flood risks and hazards faced by each location. 
This information allows for the formulation of targeted strategies and measures to mitigate the 
impacts of floods and protect vulnerable communities and infrastructure. The inclusion of a case 
study on very high-resolution flood hazard in Metković further enhances the understanding of local 
flood dynamics and provides a comprehensive assessment of the potential risks. This case study 
serves as a valuable reference for future flood risk management efforts and informs decision-making 
processes to minimize the impacts of flooding in the area. 


