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PROJECT OBJECTIVES

1. Definition of  characteristic flood events based on climate change scenario

forecasts and actual records of  extreme tidal events

2. Upgrade the existing methodology for calculating flood damage with the KRPAN 

application, which was developed for inland water flooding, to sea flooding, which

differs significantly from inland water flooding in all sectors due to the numerous

negative effects of  seawater

3. Upgrading the methodology for determining flood damage to individual types of  

cultural heritage buildings and monuments, as well as cultural landscapes, as a 

result of  sea flooding, taking into account the characteristic features of  cultural

heritage buildings and monuments in the coastal area of  Slovenian Istria

4. Development of  a special module in the KRPAN application for determining

flood damage caused by the sea in areas of  expected sea flooding, with the area of  

validity in the coastal area of  Slovenian Istria



DEFINITION OF CHARACTERISTIC FLOOD EVENTS - MSL
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DEFINITION OF CHARACTERISTIC FLOOD EVENTS –

HIGHEST ANNUAL WATER LEVEL
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DEFINITION OF CHARACTERISTIC FLOOD EVENTS –

HIGHEST SEA LEVEL

■ The sea begins to flood the most exposed parts of the coast

when the sea level at the tide gauge station in Koper is

approximately 300 cm (0.91 m) – this is the yellow warning level

issued by ARSO.

■ The sea begins to flood Tartini Square and the point in Piran when the sea level at the tide gauge station in Koper is 330 cm (1.21 m),

which corresponds to a two-year flood – this is the orange warning level issued by ARSO. The Piran marina is full.

■ The sea completely floods Tartini Square in Piran when the sea level at the tide gauge station in Koper reaches 350 cm (1.41 m), which

corresponds to an eight-year flood – this is the level of the red warning issued by ARSO. The sea floods the Sečovlje and Strunjan salt

pans, and the Piran peninsula and marina are under water.



DEFINITION OF CHARACTERISTIC FLOOD EVENTS – MSL 

RISE SCENARIOS

S1 current situation – baseline,

S2 sea level rise according to regional projections (NASA/IPCC) for a period of  up to 10 years 0.05 m,

S3 SGM increase according to regional projections (NASA/IPCC) for a period of  10 to 30 years 0.1 m,

S4 SGM increase according to regional projections (NASA/IPCC) for a period of  over 30 years 0.2 m,

S5 SGM increase according to regional projections (NASA/IPCC) for the period from 30 to 50 years 0.3 m,

S6 SGM increase according to regional projections (NASA/IPCC) for the period over 50 years 0.4 m,

S7 pessimistic greenhouse gas emissions scenario (RCP8.5): Compared to the average for the period 1986-2005, the 

expected minimum sea level rise along the Slovenian coast by the end of  the century (2100) is 0.61 m,

S8 Pessimistic greenhouse gas emissions scenario (RCP8.5): Compared to the 1986-2005 average, the expected 

average sea level rise along the Slovenian coast by the end of  the century (2100) is 0.84 m.

S9 pessimistic greenhouse gas emissions scenario (RCP8.5): Compared to the average for the period 1986-2005, the 

expected maximum sea level rise along the Slovenian coast by the end of  the century (year 2100) is 1.10 m.

S10 pessimistic greenhouse gas emissions scenario (RCP8.5): Compared to the 1986-2005 average, the expected 

average sea level rise according to Kopp (2017) by the end of  the century (2100) is 1.46 m.



SEA LEVEL HEIGHTS FOR DIFFERENT RETURN PERIODS 

IN MSL RISE CALCULATION SCENARIOS



CHANGES IN SEA FLOOD RETURN PERIODS, TAKING 

INTO ACCOUNT MSL RISE SCENARIOS



DEFINITION OF CHARACTERISTIC WAVES 

OF THE SEA – IMPACT OF WAVES

Phenomena related to sea level at a given return period:

1. Average sea level MSL baseline taking into account the growth trend according to the assumed scenarios

2. Astronomical tides tidal fluctuations do not exceed 1.4 m and no changes in the regime are expected

3. Meteorological sea level rise wind surge during prolonged winds – around 0.8 m in the Gulf  of  Trieste (W, E) 

4. Inverse barometric effect compensation for air pressure change ~1 cm/hPa,

5. Seishe result of  the sea's own oscillation – around 0.4 m in the Gulf  of  Trieste,

6. Subinertial surface fluctuations rotational movement of  the sea due to wind, etc., which can reach up to 0.1m 

Wind-related phenomena:

7. Wind waves maximum waves do not exceed 4.8 m (SE), a 5% increase is expected due to climate change

8. Shallow water and wave breaking transformation and breaking of  waves along the coast

9. Wave deflection and scattering occurrence of  coastal currents and wave concentration on convex or wave 

scattering on concave parts of  the coast

10. Water stagnation (set-up) and wave reach (run-up)



DEFINITION OF CHARACTERISTIC FLOOD EVENTS –

IMPACT OF WAVES



MAXIMUM SEA LEVELS, TAKING INTO ACCOUNT TIDES 

AND WAVES, FOR THE URBAN AREA OF PIRAN
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10 1,46 0,54 2,00 500 

100 1,79 0,54 2,33 ~5.000 

500 1,99 1,06 3,05 ~500.000 

 



PRESENTATION OF A SET OF MEASURES FOR WAVE 

TRANSFORMATIONS IN THE URBAN AREA OF PIRAN



UPGRADING THE METHODOLOGY FOR DETERMINING THE FD ON 

BUILDINGS OF CULTURAL HERITAGE – FVI INDEX

■ FVI – the flood vulnerability index is defined as: FVI = exposure * vulnerability

■ The following vulnerability parameters were selected for the area of Piran in the analysis:

(1) heritage status (exceptional or general), (2) number of floors (1, 2, 3 or 4 and more),

(3) material (flysch, masonry sandstone, exposed bricks or limestone and other vulnerable

materials), (4) presence of wall decorations, (5) presence of stone or limestone facade

base, (6) condition (well preserved, slightly damaged or damaged), (7) recent renovation

(if any), and (8) age (up to the 15th century or from the 16th to the 20th century)

■ And exposure parameters based on their location: (1) elevated area not exposed to the sea;

(2) low-lying area not exposed to the sea; and (3) low-lying area exposed to the sea



UPGRADING THE METHODOLOGY FOR DETERMINING THE ED ON 

BUILDINGS OF CULTURAL HERITAGE – FVI INDEX

The 10 most vulnerable cultural heritage buildings in 

Piran according to the FVI

Flood vulnerability index classes for cultural heritage 

buildings in Piran



EXPECTED DAMAGE ESTIMATION - SPECIFIC CHARACTERISTICS OF 

SEA FLOODS

■ Corrosiveness of salt water: salt water damages infrastructure more quickly, especially metal elements

(bridges, vehicles, machinery) and concrete, which increases restoration costs

■ Long-term soil degradation: salt water can contaminate agricultural land and destroy the fertile soil

layer, making recovery from flooding more difficult and reducing agricultural productivity.

■ Intrusion into groundwater: salt water can contaminate drinking water sources, which can cause long-

term problems with drinking water supply.

■ Presence of wave erosion processes: strong waves and seawater can accelerate the erosion of coastal

areas, increasing the risk of landslides and long-term land loss.

■ more difficult cleaning and remediation: after saltwater flooding, removing debris and drying

buildings is more difficult because salt remains in walls, wooden structures, and materials, causing

further damage

■ Default value - +15% compared to inland water flooding



EXPECTED DAMAGE ESTIMATION

1. The dimension indicates the extent, number, or size of endangered persons in a selected area during a specific

period

• area of flooded entities within the reach of sea floods

• length of the flooded entity within the reach of sea floods

• the number of people at risk located within the reach of sea flooding

• the average number of people at risk located within the reach of sea flooding

2. Exposure is the probability of the presence of people at risk in a selected area during a specific period.

3. Vulnerability is the structural damage to people at risk in a selected area when a dangerous event of a certain

intensity occurs

4. Magnitude of a flood event is expressed by the depth of water in the area where people at risk are located in

the sea flood zone

5. The value is the indexed prices from the basic KRPAN application from 2019 – the starting construction price

is EUR 1,680 for buildings and EUR 2,352 for cultural heritage buildings



DAMAGE CURVE



EXPECTED ANNUAL DAMAGE CURVE

Probability curve for the 

occurrence of  damage 

events

Presentation of  the benefits of  

measures on the probability 

curve of  damage events



UPGRADE OF THE KRPAN APPLICATION



AREA OF APPLICABILITY



FLOOD HAZARD MAPS

G1000 – S10



FLOOD HAZARD MAPS

G1000 – S10



EAD VALUES



EAD INCREMENTS



CONCLUSIONS AND RECOMMENDATIONS

■ As a result of the project, the objective of upgrading the methodology for determining EAD

— with a focus on cultural heritage buildings— and expanding the applicability of the

KRPAN application to assess flood damage from sea floods in Slovenian Istria was fully

achieved.

■ The upgraded methodology takes into account the specific characteristics of sea floods

compared to inland floods, with particular emphasis on the distinctive features of cultural

architectural heritage sites.

■ For determining reference values of mean sea level (MSL) rise due to climate change, 10

scenarios were analyzed, covering 9 return periods of sea floods (ranging from 2 to 1,000

years).

■ When interpreting the results, their validity must be considered under the assumption that a set

of wave transformation measures has been implemented in advance, thereby excluding or

mitigating the dynamic effects of waves.



CONCLUSIONS AND RECOMMENDATIONS

■ Based on 360 flood maps, flood damage curves and expected annual damage estimates were

developed for Slovenian Istria, Piran, and the Sečovlje salt pans. These outputs can be applied

to qualitative assessments of damage caused by sea floods at any scale.

■ In calculating the expected annual damage, nine characteristic flood events were considered,

enabling the construction of more accurate damage curves. The analysis revealed that return

periods with lower flood frequencies (up to 10 years) account for the majority of EAD. These

events are not adequately captured by the commonly applied return periods (10, 100, and 500

years), which means that the benefits of flood protection measures may be significantly

underestimated. It is therefore essential that cost–benefit (C-B) analyses also include scenarios

with shorter return periods, as they are crucial for demonstrating the effectiveness of

protective measures.

■ The upgraded KRPAN application has been adapted for sea floods in the coastal area of

Slovenian Istria and is based on cost data from 2025. However, the basic KRPAN application

will require urgent updates—both in terms of calculation methodologies and databases— to

reflect the current situation.




