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Abstract: Precipitation changes caused by climate change are a phenomenon that may have far more
serious consequences in urban areas than previously thought. Preventing the flood extent in rural
and urban areas is crucial for the protection of human well-being, private and public land, and hu-
man casualties. Modeling potential floods and studying historic ones, are key parameters to prevent
damages from this natural disaster. European Union Directive 2007/60/EK, obligated Member States
to compile flood risk maps, showing the potential flood’s extent and depth. Using Cyprus river flood
risk maps of the region of Larnaca, Corine land cover data, and open-access cadaster data, this study
attempts to assess the economic damage. Cadaster data of buildings such as floor number and base-
ment existence are incorporated in the damage functions used for flood recurrence intervals of 20,
100, and 500 years return period. The study found that in the 500yr return flood period, 562 build-
ings will be potentially affected. The flood risk areas in the region of Larnaca, consist of mainly
urban (48%) and cultivation zones (50%), both economically important. The results suggest that eco-
nomic damage assessment based on the applied data, combined with flood risk maps, can provide
valuable information to disaster responders.
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1. Introduction

The gradual increase of the global temperature brings multiple problems which will
significantly affect people’s lives. Problems that are directly related to people’s everyday
life, but also ones that will appear unexpectedly [1]. The increase in precipitation phenom-
ena globally [2] is one of the results of climate change that should particularly concern
humanity. In Europe, precipitation trends differ depending on the latitude; the northern
part is getting a higher percentage of rain by 10-40% while the southern part of the conti-
nent in some area face to 20% of decrease [3]. Despite the fact of decreased rainfall in some
areas, a growing number of studies show there is evidence of an increase in extreme pre-
cipitation events [4-6]. Future precipitation extreme trends suggest that sub-daily extreme
rainfall of 50 yr and 100 yr return period will triple under the RCP8.5 scenario [7]. With
southern Europe’s extreme hot and dry days, extreme precipitation events will have a
much worse consequence [8] making flood events a greater risk than expected.

For the management and monitoring of floods in urban areas, European Commission
established the Flood Directive (2007/60/EC) [9]. The main scope of the framework is the
reduction of adverse flood results on the environment, human health, cultural heritage,
and economic activities that are directly linked to society. The member states of EE were
obligated to establish a River Basin Flood Risk Management Plan identifying vulnerable
areas considering long-term developments and future flood occurrence. The key objective
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of the flood risk assessment on a country’s level is the flood hazard maps, which show,
based on the flood probability, the flood extent, the depth, and the flow speed. In addition,
the flood risk maps, assess the potential adverse consequences to the economic activity of
the area as well as to potentially affected residents.

The Republic of Cyprus as a member state of the European Union has already incor-
porated the provisions of Directive 2007/60/EC into Cypriot law in 2010. With main eval-
uation parameters the size of the river basin area (greater than 10 km?), the proximity to
urban developed areas, and the historical overflow of the river, 19 areas of potentially
significant flood risk have been defined. A key element in the flood risk assessment is the
listing of important public elements that will be affected as well as the economic activities
of the area. An integrated coast damage assessment, however, is not analyzed in the flood
management plans.

In the study of flood damage assessment for each continent, Huizinga et al. [10], cre-
ated a methodology based on extensive literature reviews and surveys, to assess the eco-
nomic damage induced by flood depth. For the purpose of overcoming the barrier of com-
paring flood damage assessments from different countries, normalized damage functions
at a national scale were utilized. Adapting the methodology followed by the above-men-
tioned study at a regional scale, the Cyprus depth damage curve (DDC), at a national
scale, is updated based on the Gross Domestic Product of 2021. Furthermore, having one
of the biggest cities of Cyprus, Larnaca, as a pilot study area, the methodology is applied
within the extent of the potential flooding zones of 20, 100, and 500 yr return periods.
Adapting the methodology on the data of the residential building from Cyprus’s cadaster,
the study aims to compare the difference in the damage assessment based on national and
local based economic data.

2. Methods

Larnaca is the third largest city in Cyprus, with a population of 51.468. Located on
the northeast coast of Cyprus, the city area covers an area of 32 km? with a mean elevation
of 26 m. The climate is typical Mediterranean, with rainfall levels reaching 320 mm. Based
on assessments by the Water Development Department (WDD), there are 3 potentially
high flood-risk zones in the province of Larnaca. In this study, the area of the biggest cov-
erage will be used as an area of interest. The area is located in the central part of the city,
Aradippou-Livadia. With a length of 11.2 km, the Archangelos-Kammitsis and Parapo-
tamos rivers pass through the agricultural, residential, and industrial areas before ending
up in the sea. Areas located in this potential hazard zone have been exposed to 7 floods in
the past according to the records of the Water Development Department (WDD), of which
5 were of low severity, one was moderate and one was high.

A key element of this research is the flood risk maps obtained from the WDD of Cy-
prus, which visualize the potential flood extents of 50, 100 yr, and 500 yr return periods.
The potential flood data contain flow velocity values as well as flood depth. In addition to
flood data, building data was used. The buildings” data were digitized by the open-access
cadastral platform of Cyprus. The obtained data describe only residential buildings. The
location of each building, the estimated value of the property as well as their size (sqm)
were collected. The gathered data were furthermore analyzed in GIS software and verified
with field visits. In order to calculate the damage within the urban zone area, Corine’s
Land Use data were used as a guide to locate the extent of the urban zone while obtaining
the data.

To calculate the economic damage of the residential buildings in the potential flood
area, the approach of the DDC was used based on the methodology of Huizinga et al.
(2017). Their approach calculated the damage curves for each continent, differentiating
them based on the maximum damage values per country. These maximum damage values
are based on construction cost surveys by multinational construction companies, which
provide a coherent set of detailed construction cost data in dozens of countries. A fixed
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set of maximum flood damage values was calculated for all countries using statistical re-
gressions with socioeconomic indicators of global development.

To calculate the construction price, the GDP of Cyprus in 2021 is used, with residen-
tial construction estimation constants. The structure cost index is then used in the calcu-
lation of the maximum damage which is expressed by Equation (1). The components of
the equation are defined by a series of fixed values which, according to the study and case,
can change value adjusted to a scale of 0-1.

MaxDamage = StructureCost x DepreciatedValue x (1-Undamageable part) M
x MaterialUsed

To construct the CCD, the maximum damage cost is related to the normalized scale
of the damage function, where the maximum value is matched to the damage scale value
1 and the other values are correspondingly calculated through Equation (2).

Damage = DamageFunction x MaxDamageCost/MaxDamage Function (2)

To calculate the economic damage using the residential building data in the flood
area of Larnaca, the flood height of each building, the estimated property value based on
2021, as well as the size of the building, were used. Initially, the flood heights were calcu-
lated in relation to the height of each flooded building. The construction cost of the build-
ing was calculated based on the value of the property divided by its size and consecutively
the maximum cost was calculated by Equation (1). Beyond the difference in the calculation
of the construction price, the Depreciated Value index is overlooked. Since the DDC rep-
resents the damage in 2021 and the residential value data from the Cyprus cadaster are
estimated for the same year, the Depreciated Value Index is not taken into account. Lastly,
to calculate the total damage, the residential buildings were grouped by flood depth, and
their damage costs were calculated separately. In order to compare the total damage by
flood scenario, the economic data of the Cyprus damage curve were used for the potential
flood depths in the Larnaca area. The buildings point data were grouped based on the
area of the urban fabric. The 562 buildings were grouped at 28 polygons of residential
areas and the total damage was calculated based on the equation of Cyprus’ DDC.

3. Results and Discussion

The potential flood zones in the northern part of Larnaca cover an area with a high
density of the urban fabric. Based on the data of the Water Development Department, the
visualization of the potential flood areas is shown on the map below (Figure 1). Looking
at the potential flood areas per scenario, it appears that the flood area increases signifi-
cantly per flood return period. Specifically, from the 20-year return period to the 500-year,
the extent of the flooding area is 85% larger, covering 2.5 square kilometers. The inunda-
tion depths were noted to range from 0 to 6.8 m maximum depth, with average depth
values per scenario being 0.85 m at the 20-year return, and 0.84 m at the 100- and 500-year
return. It is worth noting that values greater than 3 m were not recorded in any of the
scenarios outside the river basin extent.

The extent of the urban fabric obtained from Corine (code 112) was used to make a
targeted collection of residential data from the cadastral register of Cyprus. It was ob-
served that in the eastern urban fabric zone, no residential buildings were noted, but only
auxiliary industrial buildings (warehouses). For the research, only residential data were
taken into account, thereby eastern area under urban fabric land was not taken into con-
sideration. With the spatial extents of the maximum flood scenario of the 500-year return
period, the residential buildings data were collected from the cadastral register of Cyprus.
The locations for each building, the height, and the value of the building were collected
for 562 buildings within the flood extent. For research purposes, parks, plots without the
presence of buildings, and commercial buildings were not recorded in the database.
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Figure 1. Larnacas city area of potential flooding area. The three different areas represent the differ-
ent potential flood return periods.

Since all buildings belonged to the same urban zoning code, the heights of the build-
ings had fixed values based on their floors, i.e., buildings with 1 floor are 5 m high, build-
ings with 2 floors are 10 m high and buildings with 3 floors are 13.5 m high. Of the 562
buildings, prices range from 40,000 euros minimum to 3,000,000 euros maximum, with an
average price of 590,000 euros. Based on the number of floors, 33% of buildings have 1
floor, 63% of buildings have 2 floors, and 4% of buildings have 3 floors.

The damage curves below represent two different assessments, the DDC for Cyprus
(Figure 2) and the DDC for Larnacas’ sub-region (Figure 3). Based on the revised financial
data of 2021, on a country’s scale, Cypru’ flood damage cost range from 50 euros/m?, with
a maximum price of 700 euros/m?2. Larnaca’s regional results for the potential flood area
of a 500-year return period, however, showed that the damage values in the residential
zone range from 25 euros/m? with a maximum value of 200 euros/m?. Beyond the financial
differences, the graphs show some significant differences. In the horizontal axis of flood
depth values, Figure 3 has a maximum value of 6 m flood depth, while Figure 2 has a
maximum value of 3 m. In the case study of Larnaca, no buildings were noted in flood
areas at water depths higher than 3 m. While the two figures have the same axis, their
content is rather different. Figure 3 expresses approximately the damage cost of a mean
building in Cyprus based on surveys and bibliography at all possible flood depths. In the
case of Larnaca (Figure 2), the DDC is based on the data of 562 buildings within the po-
tential flood limits. Furthermore, the damage cost doesn’t represent a single’s building
damage per flood depth, but each one of the buildings’ flood depths per flood scenario.

The costs of total damage cost for all three potential flood scenarios, based on Lar-
nacas residential data showed that the damage is calculated at 32.6 € M in the 500-year
return period, 16.8 € M in the 100-year return period, and 13.7 € M in the 20-year return
period. Additionally, the states” damage prices per flood scenario calculated a maximum
cost of 69.2 € M in the 500-year return period, 27.7 € M for the 100-year return period, and
0.48 € M for the 20 years return period. Although the cost differences for the flood scenar-
ios of 500- and 100-yr return periods have a significant difference (37 and 11 € M) with the
higher costs calculated by the county’s damage values; the first scenario seems to have a
negative difference, with the total damage in Larnaca estimated at 13 € M more. As men-
tioned above, this occurs due to the difference in the methodology of assessing the total
cost, where the damage cost is based on the number of buildings.
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Figure 1. Residential building distribution in the spatial extent of 500-yr return period.
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Figure 3. 2 Damage curve of Cyprus based on the GDP of 2021 (a) Damage curve of residential
buildings in the region on Larnaca city (b).

Table 1. Total flood damage cost, based on the Larnacas residential data base and Cyprus residential
damage costs.

Flood Damage Based od DDC of Larnaca Flood Damage Based on DDC Data Cyprus
Retul(:;rls’)erlod Structure € M Content € M Total € M Structure €M Content € M Total € M
500 21.7 10.89 32.6 46.1 23 69.2
100 11.2 5.6 16.8 18.5 9.2 27.7
20 9.1 4.6 13.7 0.32 0.16 0.48

4. Conclusions

Further investment and urban sprawl within the flood risk extent, increase the risk
of damage [11] and for this reason, systematic coast damage evaluation is deemed neces-
sary for management reasons. In the Cyprus flood risk management plans, cost damage
is not analyzed in depth. Apart from the references to the economic activities in the risk
area, the economic damage is done at a qualitative level. Huizinga et al. (2017) technical
report is a great tool for a cost damage assessment based on the economy of national ex-
tent. In this approach, a database of the endangered residential buildings and their values
were used for the calculation of the flood damage. Even though many of the empirical
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parameters of the damage indices were used with their default values the inclusion of
damage costs of 562 buildings was an important addition to the local application method-
ology. Although with the data available, other models for calculating total flood damage
could be used [12], the above application was preferred since the pilot area belonged to
an EU country. Due to the time-consuming manual process of gathering the building data,
only residential buildings were assessed through the study. With the immediate and col-
lective provision of cadastral data for the entire floodplain area, it would be possible to
assess other building categories with the same methodology (e.g., parks, and commercial

buildings).
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