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INTRODUCTION

Flood is a dangerous phenomenon that 
causes enormous financial and other damages 
(Borowska-Stefańska, 2015b). In the affected 
area, it is thus extremely important to anticipate 
and counteract the possible consequences of 
floods, minimising losses (Messner et al., 2005; 
Wałęga, 2014). 

Historically, humans commonly settled in 
river valleys (Mihu-Pintilie et al., 2019; Grežo et 
al., 2020). Owing to fertile soils, not threatened 
by drought, these places enabled the develop-
ment of agriculture. The productivity of soils in 
the river valleys was high, which reduced the ex-
penditures on fertilization and irrigation of crops. 
Farmers were forced to protect their crops from 
flooding and to accept the losses that occurred 
after the flood. Today, such locations are still of-
ten used for farming, but excessive urbanization 

forces investors to estimate the extent of possible 
financial losses (Grežo et al., 2020). Profitability 
calculations for undertaking and monitoring the 
safety levels become crucial in making the loca-
tion-related decisions. 

Transformation of the natural hydrological 
system using technical methods, to adapt the land 
for investment, significantly changes the natural 
conditions. On the other hand, adaptation to the 
prevailing natural conditions is often equivalent 
to accepting the consequences of floods. It is only 
possible to eliminate them through efficient man-
agement and monitoring of the frequently flooded 
areas. This was popular as early as in the Middle 
Ages. Apart from active protection, e.g. construc-
tion of dikes, our ancestors also used passive pro-
tection in the form of prediction and adaptation to 
water levels (Schulz, 2008).

A flood is most often a consequence of the 
conflict between nature and man who exploits the 
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flooded areas. The type, extent, and size of the 
damage are related to the infrastructural develop-
ment and actions society has taken to avoid loss-
es. In terms of the destroyed or lost goods, flood 
damages affect people, animals, cultural heritage, 
the environment, industrial and agricultural pro-
duction as well as municipal infrastructure. In-
tangible losses are often overlooked because their 
presence is considered negligible and their valu-
ation is problematic. Therefore, the notion of the 
loss/damage function (Kocur-Bera, 2017, 2019) 
is the overriding idea in the estimation of the 
financial flood losses. It is related to the depen-
dence on the method of land use/building and the 
depth of floodwater. 

In general, in the areas with extensive 
investments, such as cities, the flood risk 
is greater. These areas are characterized by 
strongly sealed terrain surfaces such as roads, 
car parks, and other hard surfaces. The infiltra-
tion capacity decreases, which contributes to 
pluvial floods in case of heavy rainfall (Schul-
tz, 2008; Szeląg et al., 2019). In extreme cases, 
due to high investment risk, floods lead to un-
derdevelopment of some urban areas (Smith et 
al., 1998). The increasing availability of the 
data on floods and their consequences allows 
for applying the measures mitigating these 
consequences. Important aspects are not lim-
ited to engineering and hydraulics of flood 
prevention, but also include the ecological, 
political, or socio-economic issues. In cities, 
proper flood risk management constitutes an 
important aspect of minimising the flood losses 
(Wałęga et al., 2014). 

Flood risk assessment is a complex proce-
dure enabling to identify both the flood-related 
and urbanisation-related risks (Smith et al., 
2015; Sowiński, 2008). When determining the 
risk, hydrological and hydraulic flood models 
are very important (Schultz, 2008). Taking into 
account the climate variability, land develop-
ment and land use, it is possible to determine 
the probability of the occurrence of a given 
threat and the amount of losses that it entails. 
The model provides us with the information on 
the flood zone range and water depth, as well as 
the duration and speed of flow (Gutry-Korycka 
et al., 2014). With this information, for locations 
with different development modes, it is possible 
to determine the areas bearing the greatest flood 
risk and the greatest material losses. This infor-
mation allows for taking the actions to minimize 

the flood consequences. Currently, there are 
many different methods to assess the material 
flood losses. Their diversity results from the 
methods used in specific countries and the very 
character of floods. Flood characteristics and 
scenarios, the type, number and location of the 
exposed infrastructure elements, the real-estate 
value and sensitivity of its components to a flood 
(determined by the flood losses function) consti-
tute the most common basis for the estimation of 
flood losses (Messner et al., 2005). In the model 
for estimating the financial losses, a flood can 
be characterized by the surface area (Behnen et 
al., 2000; Ebenhöh et al., 1997), the depth and 
duration (the time until water withdraws back 
to the river-bed) and the water flow velocity 
(Satrapa et al., 2005; Èihák et al., 2005). It is 
possible to determine the flood losses by linking 
the data on land use, floodwater depth, as well 
as property value and its sensitivity to flooding 
(Buczek et al., 2011). 

This paper aimed to examine the amount 
of losses that may occur during a flood, using a 
method including time lapse. The flood hazard 
maps and flood risk maps made available under 
the ISOK project (Computerized National Pro-
tection System) were used for the analyses.

MATERIALS AND METHODS

Description of the research area

The analysed area lies in the Mazowieckie 
Voivodeship, in the southern part of the city of 
Ostrołęka. The area under analysis is located 
in north-eastern Poland in the North-Mazovian 
Lowland (see figure 1). The studied city is located 
in the central part of the district. Its population is 
over 52,000, surface area 33.6 km2 (GUS, 2018). 
Three rivers (Narew, Omulew and Czeczotka 
Rivers) flow through the city. The Narew River 
is a right tributary of the Vistula, its length be-
ing 484 km. On the western side of the Narew 
River, there is a floodbank protecting the city of 
Ostrołęka. 

The studied area covers 516 ha, 167.4 ha of 
which are at risk of flooding. The largest part of 
the studied area is covered by grassland (38.7%) 
and forests (33.8%). There are also industrial ar-
eas (2.7%), residential developments (14.9%), 
arable land (7.6%), and traffic areas (2.3%). Fig-
ure 2 presents the structure of land use.
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Methods

The realization of research objectives in the 
selected area consisted in identification of pos-
sible negative consequences resulting from the 
occurrence of floods in the southern part of the 
city of Ostrołęka. The flood hazard maps with 
water depth and two types of flood risk maps. 
These maps were developed by IMiGW (Institute 
of Meteorology and Water Management) in the 
ISOK project (Computerized National Protec-
tion System) for the areas where the probability 
of floods is average, i.e. once every 100 years (Q 
1%) (ISOK, 2020). On the basis of the flood risk 
map, the management methods for the endangered 
areas were determined, the land use classes were 
distinguished and their surface area was calculat-
ed. Another layer was then fitted into the map: a 
flood hazard map with water depths, thus obtain-
ing floodplains with water levels of (a) h≤0.5 m; 

(b) 0.5<h≤2.0 m; (c) 2.0<h≤4.0 m. The flood risk 
maps were used to compare the potential flood 
losses determined in these intervals with the re-
sults of the conducted analysis (Appendix A). The 
procedures followed during research are shown in 
Figure 3. 

The valuation of material losses was based on 
the guidelines contained in Regulation (Act of 21 
November 2012 on the development of flood risk 
maps and flood risk maps), using the following 
principles:
1. The sum of individual flood loss values for all 

land use classes in the area is calculated using 
formula (1):

𝑺𝑺𝑺𝑺𝒊𝒊 = ∑ 𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖 × 𝐴𝐴𝑖𝑖 𝑑𝑑𝑑𝑑𝑑𝑑 𝑖𝑖 = 1. .9
4

𝑖𝑖=1
 (1)

where: Spi – total value of estimated individual 
losses for a specific land-use class,

Figure 1. Location of the studied area.

Figure 2. Structure of land use in the research area.
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 Spij – the value of estimated individual 
losses for a specific land-use class and a 
specific water depth range,

 Ai – surface area of a specific land-use 
class.

2. For residential areas, industrial areas, and traf-
fic areas, the final value of the estimated flood 
losses is obtained by comparing the value of a 
property for a given class of land use with the 
degree of property loss, which depends on the 
depth of floodwater. The loss function is calcu-
lated using formula (2):

𝑺𝑺𝑺𝑺𝒊𝒊𝒊𝒊 = 𝑊𝑊𝑖𝑖 × 𝑓𝑓(ℎ)𝑗𝑗 (2)

where: Spij – the value of estimated individual 
losses for a specific land-use class and a 
specific water depth range,

 Wi – property value in a specific land-use 
class,

 f(hj) – the value of the loss function de-
pending on the water level in a specific 
land-use class;

3. For recreation and leisure areas, forests, and 
agricultural land (arable land and grassland), 
the same loss values apply regardless of the 
water depth.

4. Losses are not determined for waters and other 
areas.

The loss function (amount of property loss) 
is determined for the water depth ranges limits. 
The values of the loss function in particular land 
use classes according to regulation are calculated 
using the formula (3):

𝑺𝑺𝑺𝑺𝒊𝒊 = ∑ 𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖 × 𝐴𝐴𝑖𝑖 𝑑𝑑𝑑𝑑𝑑𝑑 𝑖𝑖 = 1. .9
4

𝑖𝑖=1
 (3)

where: Spi – total value of estimated individual 
losses for a specific land-use class,

 Spij – the value of estimated individual 
losses for a specific land-use class and a 
specific water depth range,

 Ai – surface area of a specific land-use 
class.

5. For residential areas, industrial areas, and traf-
fic areas, the final value of estimated flood 
losses is obtained by comparing the value of a 
property for a given class of land use with the 
degree of property loss, which depends on the 
depth of floodwater. The loss function is calcu-
lated using formula (2):

𝑺𝑺𝑺𝑺𝒊𝒊𝒊𝒊 = 𝑊𝑊𝑖𝑖 × 𝑓𝑓(ℎ)𝑗𝑗 (4)

where: Spij – the value of estimated individual 
losses for a specific land-use class and a 
specific water depth range,

 Wi – property value in a specific land-use 
class,

 f(hj) – the value of the loss function de-
pending on the water level in a specific 
land-use class.

6. For recreation and leisure areas, forests, and 
agricultural land (arable land and grassland), 
the same loss values apply regardless of the 
water depth, as the water levels do not influ-
ence the amount of losses in these use classes.

7. Losses are not calculated for waters and 
other areas.

Figure 3. Diagram of research methodology.
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The values of the loss function in particular 
land use classes are presented in Table 1.

8. Property value in particular land use classes is 
assumed to be:

 • traffic areas – 97 EUR/m2.
 • forests – 18 EUR/ha.
 • recreational and leisure areas – 1.1 EUR/m2.
 • arable land – 317.3 EUR/ha.
 • grassland – 149.8 EUR/ha.
 • for residential and industrial areas, the val-

ue depends on the location, according to 
the administrative division of the country 
(see Table 2).

With the information on three components, 
i.e. unit value of assets, water depth, and land 
use, it is possible to calculate the potential ma-
terial losses [EUR]. The asset valuation method 
was based on the German practices. Since the 
prices of property and other assets are subject 
to fluctuations in time, information updates are 
needed. The provisions of law do not regulate it, 
but indicate how it should be updated. The meth-
od proposed by Borowska-Stefańska (2015) was 
used in this paper. 

It assumes that the property value update 
can be based on the change in the consumer 
price index (expressed in inflation). However, 
for industrial areas, the price index for sold 
produced goods (for the industry) as well as 
assembly and construction (construction indus-
try) should be used. In addition, for these areas, 
the index should be increased by the share of 
current assets that may be lost/decommissioned 
during flooding. The ratio of current assets to 
fixed assets ratio determined for the public sta-
tistics purposes was used for analysis (in 2019 
it was 0.15). The amount of the updated val-
ue of housing development was calculated on 
the basis of the changes in the price index of 
goods and services in recent years. In the years 
2008–2019, according to the statistics of the 
Central Statistical Office (BDL, 2020), there 
was an increase in prices.

The value of losses caused by flooding in 
the areas used for agriculture was set in the 
regulation at the level of 317.33 EUR/ha for 
arable land and 149.78 EUR/ha for grassland. 
These indicators were developed on the basis 
of the German indicators from 2008, which 
are the same for the whole country, without 
division into voivodeships, as opposed to the 

indicators in residential and industrial areas. 
The specificity of agricultural production was 
not taken into account when determining the 
indicators. The type of crops should be taken 
into account when estimating the flood losses. 
Underestimating the losses will be significant 
for specialized agricultural production, for ex-
ample: tobacco, rape, vegetables or horticul-
ture (Green, 2003). Due to the crop rotation 
used in agriculture, this study also does not take 
into account the type of crop. However, when 
determining the index, the value of losses on 
arable land and grassland was updated due to 
the increasing value of the agricultural produc-
tion index over time. On the basis of Central 
Statistical Office (GUS, 2020), the production 
values   per hectare in a given year were calcu-
lated. Due to the changing prices and yields in 
individual years (e.g. due to the weather condi-
tions), an average of 3 years was adopted for 
the analysis. The current ratio (2017–2019) of 
agricultural production per hectare in relation 
to the values   from 2007–2009 is 34% higher 
for arable land and 20% higher for grassland. 
If the production index increased, the losses in 
agricultural production areas will also increase 
proportionally.

In forest areas and communication areas, 
it is difficult to determine the amount of dam-
age caused by the flood. Prices can be updated 
using the index of consumer prices and ser-
vices expressed in inflation. In this way, the ob-
tained results will reflect the reality more closely 
(Borowska-Stefańska, 2015).

Table 1. Value of property value in individual land 
use classes,

Water level [m]
Value of the loss function f (h) [%]

residential 
areas

industrial 
areas

traffic
 areas

h ≤ 0.5 20 20 5

0.5 < h ≤ 2.0 35 40 10

2.0 < h ≤ 4.0 60 60 10

> 4.0 95 80 10

Table 2. Value of assets in residential and industrial 
areas for the studied area (Masovian Voivodeship)

Region Value for residential 
areas [EUR/m2]

Value for 
industrial areas 

[EUR/m2]
Masovian 113.25 209.74
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RESULTS

Regulation of 2012 on the development of 
flood hazard maps and flood risk maps transpar-
ently presents the calculation of the value of po-
tential flood losses in individual land use classes. 
The methodology which depends on the wa-
ter depth and the type of land use was used in 
Germany. However, it is already a relatively old 
document, which based the calculated values   on 
the data from 2008. There is also no information 
about their update; therefore, this study presents 
the results of the update.

The amount of the updated value of residen-
tial buildings was calculated on the basis of GUS 
statistical data (BDL, 2020) and presented in Ta-
ble 3. Originally, this value was 113.25 EUR/m2. 
On the basis of the available data, this value was 
updated to 2019. The updated value of losses of 
1 m2 of residential development is 135.35 EUR. 
It is 19.5% higher than the value specified in the 
regulation.

In the case of residential areas (see table 4), 
the value of financial losses caused by the flood 
for individual water depths and the updated value 
of the property totaled 11.24 million EUR. In the 
analyzed area, the flood risk maps do not predict 
the occurrence of floods with a water level above 
2 m. It is estimated that the water level will not 
exceed 0.5 m in about 10% of the area of residen-
tial buildings. In the remaining part, the depth of 
flooding water is 0.5–2 m. According to the ordi-
nance of 2012, the losses for residential develop-
ment areas amount to 20% of the total estimated 
value for the flood water height below 0.5 m; for 
greater depths in the range of 0.5–2 m, these loss-
es are up to 35%. Table 4 presents a summary of 
the values in individual areas and the amount of 
losses was calculated.

The price level change index from 2008 to 
2019 for fixed assets (for industrial areas) was 
1.166, the ratio of current assets to fixed assets is 
0.15 (GUS, 2020). The updated value of industrial 
assets (fixed assets and current assets) amounted 

to 281.24 EUR/m2. This is a 34% increase in val-
ue compared to the prices set in the regulation. In 
order to estimate the total value of flood losses in 
industrial areas, the depth of floodwater, on which 
the amount of these losses depends, should be tak-
en into account. In industrial areas, as in residen-
tial areas, the flood risk maps do not provide for 
a floodwater depth of more than 2 m. According 
to the 2012 regulation, for a flood water height of 
less than 0.5 m, losses amount to 20% of the total 
value, and for greater depths in in the range of 
0.5–2 m – at the level of 40% of the total value. 
The total value of losses in the study area within 
industrial sites is approximately 4.3 million EUR. 
The average value of losses is 945 thousand EUR/
ha. It is estimated that in about 70% of the area, 
the depth of flooding water will be from 0.5–2 m, 
in the remaining area it will not exceed 0.5 m. Ta-
ble 5 presents the financial values   of flood losses 
in industrial areas, including the water depth.

In the areas used for agriculture (meadows, 
pastures, arable lands) and in forest areas, the 
amount of flood losses does not depend on the 
water depth. The losses caused by the occurrence 
of a flood are directly proportional to the surface 
area of the flooded area. The value of flood losses 
in agricultural areas has been updated on the basis 
of the agricultural production index per 1 ha. As 
a result of the analysis, it was calculated that the 
value of agricultural production for arable land 
from 2008 compared to 2019 increased by 33.8%, 
while on grassland – by 20.2%. Using these indi-
cators, the values of the flood losses can be up-
dated (Borowska-Stefańska, 2015). If the value 
of production is higher, the losses of this produc-
tion will also be proportionally greater. The re-
sults of the calculations are presented in Table 6. 
Thus, the updated loss values for arable land are 
425.22 EUR/ha and for grassland 179.74 EUR/ha.

Using the calculated ratios, it is possible to 
calculate the value of losses in agricultural lands. 
And so, on arable land, according to the regula-
tion, the value of losses is 317.3 EUR/ha (2008), 
while after conversion for 2019, this value is 

Table 3. Price indices for a given year in relation to the previous year and the updated residential development 
value

Value of 
assets 

according to 
[23]

Price indices for the current year relative to the previous [%]

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

103.4 102.4 103.7 103.5 100.8 100.0 99.1 99.5 101.9 101.6 102.2

113.25 [EUR]
Residential development value updated for a given year [EUR/m2]

117.13 119.91 124.35 128.70 129.73 129.73 128.56 127.92 130.35 132.44 135.35
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Table 4. Value of losses [EUR] in the residential areas in the studied area 

Land number
Surface area broken down in water levels

Total surface area
Value of losses 

[EUR]h ≤ 0.5 [m] 0.5 < h ≤ 2.0 [m] 2.0 < h ≤ 4.0 [m]

B1 0.2545 - - 0.2545 68 893.15

B2 0.0831 1.4662 - 1.5493 717 067.765

B3 0.8118 - - 0.8118 219 754.26

B4 0.6495 - - 0.6495 175 819.65

B5 0.1746 - - 0.1746 47 264.22

B6 0.6443 - - 0.6443 174 412.01

B7 - 0.4621 - 0.4621 218 908.323

B8 - 0.9207 - 0.9207 436158.608

B9 - 1.2225 - 1.2225 579 128.813

B10 - 15.9097 - 15.9097 7 536 822.63

B11 - 0.3677 - 0.3677 174 188.683

B12 0.1242 0.9817 - 1.1059 498 676.773

B13 - 0.8350 - 0.8350 395 560.371

Total 2.7420 22.1656 0.0000 24.9076 11 242 655.26

The amount of losses in industrial areas

Loss value
20% of 

135.35 EUR/m2

35% of 
135.35 EUR/m2

60% of 
135.35 EUR/m2

Total losses 742 256.40 10 500 398.86 0.00 11 242 655.26

Table 5. Value of losses [EUR] in industrial areas, including the studied area 

Land number
Surface area broken down in water levels Total surface 

area
Value of losses 

[EUR]h ≤ 0.5 [m] 0.5 < h ≤ 2.0 [m] 2.0 < h ≤ 4.0 [m]

Ba 1 0.8901 0.9031 1.7932 1 520 389.27

Ba 2 0.5954 0.7264 1.3218 1 154 939.02

Ba 3 0.6231 0.6231 702 707.26

Ba 4 0.845 0.845 952 957.20

TOTAL 1.4855 3.0976 0.0000 4.5831 4 330 992.75

The amount of losses in industrial areas

Loss value
20% of

281.94 EUR/m2

40% of
281.94 EUR/m2

60% of
281.94 EUR/m2

Total losses 837 643.37 3 493 349.38 0.00 4 330 992.75

Table 6. Calculated agricultural production index in particular years

Agricultural production index

Year 2007 2008 2009 2010 … 2016 2017 2018 2019

Cereal: yields per 1 ha [dt] 32.5 32.2 34.8 35.6 … 40.0 42.0 34.3 36.7

Grassland: yields per 1 ha [dt] 51.7 48.3 49.2 49.0 … 52.4 54.2 46.3 44.6

Price per dt of wheat [EUR] 16.89 18.40 12.73 14.42 … 16.69 17.52 18.58 20.36

Price pre dt of hay [EUR] 7.65 7.97 7.75 9.11 … 8.72 8.78 9.73 10.54

Calculated agricultural production indices [EUR/ha]

Arable land 548.96 592.62 443.12 513.51 … 667.64 736.03 637.45 747.29

Grassland 395.68 384.90 381.14 446.44 … 456.93 475.76 450.45 470.28

Average areable land 528.23 EUR/ha …

…

706.92 EUR/ha

Average grassland 387.24 EUR/ha 465.50 EUR/ha
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424.55 EUR / ha. On grassland, the value of loss-
es according to the regulation was 150 EUR/ha, 
after updating this value increased by 20.2% and 
amounts to 180.30 EUR/ha.

In forest areas and traffic areas, the change 
in the amount of losses due to the passage of 
time was calculated using the index of consum-
er prices and services, expressed as inflation. In 
this way, the obtained results are more relevant 
to reality. Inflation against 2008, according to the 
GUS statistics, was 19.5%. Flooding in forest ar-
eas does not cause large losses. The updated val-
ues   of losses in forest areas at the end of 2019 are 
21.24 EUR/ha. 

Water depth is also important in the commu-
nication areas; therefore, the losses were calcu-
lated taking into account the depth of floodwater. 
According to the flood hazard map, in the studied 
area, there is flood water in communication areas 
in the ranges h≤0.5 and 0.5 <h≤2.0 m. For a flood-
water height of less than 0.5 m, the losses are at 
the level of 5% of the total value, and for greater 
depths – at the level of 10% of the total value. 
The updated value of losses caused by flooding in 
communication areas is 115.92 EUR/m2 (Table 7)

Table 8 presents the total estimated financial 
losses due to the floods for the analyzed area. 
The large share of forests (almost 34% of the 
studied area) contributed to the reduction of the 
total value of losses. In agricultural areas (arable 
land and grassland), the losses are also relatively 
low. In total, agricultural land covers about 46% 
of the total area, and its share in the total value 
of losses is only 0.11%. The greatest losses are 
generated by built-up areas (industrial and resi-
dential). These areas cover a total of about 18% 
of the area, but the estimated losses in these areas 
constitute 97.75%. In the area at risk of flood-
ing, the estimated losses amounted to almost 
16 million EUR. The average loss per hectare is 
95 190 EUR. As can be seen in the table below, 
after updating the prices from the regulation from 
2012, the value of losses in the examined area in-
creased by 23%, compared to 2019.

In the further part of the analyses, the ob-
tained results were compared with the potential 
losses presented on the flood risk map (areas 
with an average probability of flooding once ev-
ery 100 years) from the ISOK project (see Ap-
pendix A. In order to calculate the amount of 

Table 7. Value of losses [EUR] in communication areas, taking into account the area of the studied area

Land number
Surface area broken down in water levels

Total surface
h ≤ 0.5 [m] 0.5 < h ≤ 2.0 [m]

dr 1 7602 1342 8944
dr 2 1665 1665
dr 3 3149 1254 4403
dr 4 4234 16935 21169
dr 5 3108 3108
Total 19758 19531 39289

The amount of losses in communication areas

Loss value
5% of

115.92 EUR/m2

10% of 
 115.92 EUR/m2

Total losses 114 517.37 226 403.35 340 920.72

Table 8. Value of losses in [EUR] in the study area

Breakdown of total estimated flood losses

Type of use
Total surface area 

[ha]

Value of losses using the indicators 
from the regulation

Updated value of losses at the end of 
2019

Index value Total value Index value Total value
Residential areas 24.9076 113.25 EUR/m2 9 406 952.70 135.35 EUR/m2 11 242 655.26
Industrial areas 4.5831 209.74 EUR/m2 3 221 900.04 281.94 EUR/m2 4 330 992.75
Traffic areas 3.9289 97.00 EUR/m2 285 277 115.92 EUR/m2 340 920.72
Forests 56.5013 18.00 EUR/ha 1 017.02 21.24 EUR/ha 1 200.09
Arable land 12.7399 317.30 EUR/ha 4042.37 424.55 EUR/ha 5 408. 72
Grassland 64.7284 149.80 EUR/ha 9 696.31 180.30 EUR/ha 11 670.53

Total [ha] 167.3892 Total [EUR]: 12 928 885.44 Total [EUR]: 15 932 848.07



208

Journal of Ecological Engineering 2021, 22(2), 200–212

losses shown on the map, the areas of all value 
ranges were summed up. In the next step, the 
minimum values (the lowest value of losses in 
the interval) and the maximum values (the high-
est value of losses in the interval) of the flood 
losses in the studied area were estimated, based 
on Appendix A. The minimum values were cal-
culated as the sum of the products of the area 
and the lowest value in a given value range. 
The maximum values are the sum of the prod-
ucts of the area and the highest value in a given 
range of values. As a result of this analysis, the 
minimum and maximum values were obtained 
(Table 9). The values were calculated in the Pol-
ish currency [PLN], in accordance with the val-
ues from the flood risk map (Appendix A). The 
results were converted into EUR at the current 
exchange rate (25.10.2020).

As can be seen from the table above (Table 9), 
the amount of calculated and updated losses, us-
ing the method presented in this study, falls within 
the range calculated on the basis of the flood haz-
ard maps (Appendix A). The summary compari-
son of the amount of financial losses estimated on 
the basis of the legislator’s guidelines and with 
the use of updated indicators due to the passage 
of time is presented in Table 10. 

The calculated value of the losses in the an-
alyzed area amounts to almost 16 million EUR, 
while the average value of flood damage cal-
culated on the basis of the regulation and flood 
risk maps much lower. The difference is over 
22%, which means that using the data from the 
regulation or using the values from the flood 
risk maps (Appendix A), the values may be 

understated. As a result, the amount of losses 
may be underestimated and may not show the 
actual losses.

DISCUSSION

The study was aimed at showing the method 
of calculating flood losses taking into account the 
time lapse. The indicators for estimating flood 
losses were established in the regulation of 2012, 
based on the data from 2008 and do not reflect the 
current state. A flood hazard map provided a point 
of departure for the study. With it, it was possible 
to estimate the losses in the flooded area taking 
into account the flood water level. The estimated 
value was related to the current value of assets. 
The nominal data (Act of 21 November 2012 on 
the development of flood risk maps and flood risk 
maps) have been updated. This had a significant 
impact on the final result. The analysis of flood 
losses also made excessive urbanization of flood-
plains salient. The results show that the amount 
of damage largely depends on reasonable area de-
velopment and planning. 

According to many authors, direct financial 
losses account for the vast majority of total flood 
damage (Smith et al., 1998). Currently, there 
are numerous methods used to assess the mate-
rial effects of flood damage. These vary slightly, 
depending on the type of flood and its character. 
The collection of the information on land use 
constitutes a very important step in determining 
the potential damage. In urban areas, this data 
should be very detailed, as it concerns assets of 

Table 10. Breakdown of the flood losses in the analysed area

Specification
Updated value of losses 

at the end of 2019

Values calculated based 

on flood risk maps

Value of losses using the indicators 

from the regulation

Calculated values 15 932 848,07
min. 6 800 121

12 928 885,44
max. 18 043 409

Mean value [EUR] 15 932 848,07 12 421 765,00 12 928 885,44

Table 9. Summary of losses in individual ranges based on the flood risk map (Appendix A)

Financial losses ranges in the analysed area

Value ranges <1PLN 50,01–100 150,01–300 Total value 
[PLN]

Total value
[EUR]Surface area [m2] 138 6239 32 569 25 5084

Minimum value 693120 1 628 775 28 265 151 30 600 545 6 800 121

Maximum value 138 6239 3 256 900 76 525 200 81 195 339 18 043 409

* the minimum values included in the calculations are respectively: 0.50 PLN, 50.01 PLN, 150.01 PLN
** the maximum values included in the calculations are respectively: 1 PLN, 100 PLN, 300 PLN
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high material value. The accuracy of data on the 
areas used for agriculture (Messner et al., 2005) is 
not so crucial as it usually concerns large areas of 
land used in the same way. The loss function, in-
cluded in the algorithms proposed in legislation, 
determines the susceptibility of property to par-
ticular features of a flood, especially to the flood 
water level. The time of flooding is also relevant 
in agriculture. The floods occurring in autumn, af-
ter the harvest, entail lower losses than those oc-
curring before the harvest (Green, 2003; DEFRA, 
1999). The amount of losses also depends on the 
type of crops. In the Polish legislation, the meth-
od of estimating the potential flood losses is based 
on a relative loss function. The percentage share 
in value loss is determined in relation to the flood 
water level for industrial, residential, and traffic 
areas. For the remaining areas, no specific per-
centage ranges for loss were determined, which 
seems to be an understatement and omission of 
important data. Directive 2007/60/EC (Directive 
2007/60/WE of The European Parliament And of 
The Council of 23 October 2007 on the assess-
ment and management of flood risks) is the most 
important legal regulation in Europe on the assess-
ment and management of flood risk. Some coun-
tries, e.g. Germany, have developed additional 
guidelines and instructions on how to determine 
the flood damage potential and how to select the 
damage function (e.g. Rhine Atlas – Rheinatlas). 
In some German regions, such as North Rhine-
Westphalia and Baden-Württemberg, there are 
guidelines for flood hazard mapping. The asset 
valuation method used in this study is based on 
the German practices, but was supplemented by a 
time update using different measures, depending 
on the type of property. 

The unit losses estimated in this study for 
residential, traffic, and industrial areas are closely 
linked to the type of land use, floodwater levels, 
and unit value of the estimated property. This data 
enables the estimation of losses expressed in the 
current currency. However, it should be borne in 
mind that their comparability and reference to 
the current conditions depend on data updates, as 
prices change over time (Chojnacki, 1994). 

Currently, all over the world, an increase in 
floodplains urbanisation can be observed, as men-
tioned by various studies (Borowska-Stefańska, 
2015a; Schanze et al., 2006; Ristic et al., 2012). In 
Poland, the Water Law (Act of 20 July 2017 wa-
ter law) that came into force recently, clarified the 
regulations concerning, among other things, the 

development conditions in the areas at particular 
risk of flooding to deter investors from ignoring 
the flood risks. According to the provisions of this 
Act, in each commune, it is obligatory to agree on 
planning documents (commune zoning plan, lo-
cal zoning plan, decision on development condi-
tions) with an entity appointed by the Minister of 
the Environment (State Water Management – Pol-
ish Waters). Such an obligatory agreement covers 
the building and development of any piece of real 
estate fully or partially located in the high flood 
risk areas.

Local authorities should prevent urbanisa-
tion in the high flood risk areas. This will help 
to achieve the two main objectives of the flood 
risk management, i.e. to avoid an increase in risk 
and to minimise the already existing risks, both 
of them contained in the so-called good practices 
of flood prevention and mitigation (Best practices 
on flood prevention, protection and mitigation, 
2003). Limiting the expansion of buildings also 
allows reducing the negative impact of floods on 
the natural environment. In the high flood risk 
areas, particular attention should be paid to sus-
tainable management. Unfortunately, the hazards 
related to the development of flood plains remain 
underestimated in Poland. When planning and de-
signing buildings located in floodplains, the envi-
ronment and flood safety are often ignored in the 
pursuit of developers’ interests (Kobojek, 2013; 
Borowska-Stefańska, 2013; Muszyński, 2018; 
Ciepielowski, 2003).

CONCLUSIONS

This study aimed to estimate the potential 
flood losses in the southern part of Ostrołęka. 
This area is located in the immediate vicinity of 
the Narew, Omulew and Czeczotka rivers. On the 
basis of the analysis of the results obtained in the 
studied area, it can be confirmed that the flooding 
brings about enormous material losses. Aware-
ness of the risk and consequences of flooding and 
taking preventive measures to mitigate its conse-
quences are both of crucial importance. 

Two documents were used for the analysis: a 
flood hazard map and a flood risk map, where the 
probability of the occurrence of a flood is average 
and amounts to once every 100 years (Q1%). The 
regulation from 2012 was also used, which de-
fines the indicators for estimating the flood losses. 
When using them, one must be aware of the error 
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Appendix A. Flood risk map – value ranges of potential flood losses. Areas with an 
average probability of flooding once every 100 years (based on GUS, 2019)

Appendix B. Flood risk map with land use classes and water levels marked. Areas with 
an average probability of flooding once every 100 years (based on GUS, 2019)
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that our calculations will have. In the regulation, 
the indicators were developed on the basis of 
prices and data from 2008; therefore they are out 
of date in relation to the current reality. A lot has 
changed in recent years. This paper developed a 
method to update the indicators and adapt them to 
the current reality.

The results allowed for drawing the following 
conclusions:
 • the greatest material losses occur in developed 

areas,
 • forest areas suffer the least financial losses,
 • the guidelines used when estimating financial 

losses do not provide the information on the 
update methods at the time of valuation, thus 
varied methods and indicators can be used at 
this stage,

 • the loss value in industrial areas should take 
into account the losses related to current as-
sets, as they make up to 15% of fixed assets;

 • the greatest underestimation due to the updat-
ing of prices occurs in the areas used for agri-
culture, in particular in agricultural areas,

 • an increase in the value of losses by over 22% 
was observed by updating the value.

The presented method of calculating flood 
losses shows the significant impact of updating 
prices on the final result.The value of estimated 
financial losses can be treated as approximate 
because the method used does not take into ac-
count detailed conditions, such as the standard 
of housing development or the type of crops on 
arable land. However, it still enables to illustrate 
the size of the threat. Estimation of material 
losses is an important stage to be undertaken by 
local authorities and residents with reference to 
the location of new investments. The informa-
tion concerning the flood and its consequenc-
es may also be helpful in crisis management 
(Ciepielowski, 1999; Egler, 2003).
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