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Abstract. Within implementation of Directive of the European Parliament and
of the Council 2007/06/ES of 23 October 2007 on the assessment and manage-
ment of flood risks the classification was recommended to Czech Republic
which sorties the areas affected by floods according to the degree of threat and
economic potential of these areas. For this purpose was developed the model of
territory unit evaluation. This model is formulated as a combination of two
models including model of risk matrix and model of the area value expressed by
available statistical data. These data reflect the different levels of areas devel-
opment and their possible future development through weighted multi-criteria
decision making. The aim of our paper is to present the model and its use in
terms of increasing the efficiency of spending resources in area in relation to
flood protection. The model may serve as an inspiration in terms of use for such
a large territorial units in European countries applying the Directive.
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1 Introduction

In economic sciences different categories which represent economic level, economic
power, economic dimension, economic performance and economic potential of the
territory unit are used. Usually are derived from the gross domestic product of the
state, or from the gross domestic product per capita [5]. In a more sophisticated form
are structured and decomposed into sub-indicators reflecting diversified sectorial and
cross-cutting components. In a dynamic concept of the theory this indicators reflect
performance factors, the country's competitiveness, development and growth potential
based on multi-criteria basis. For example, categories of competitiveness of the na-
tional state have been in the U.S. in the eighties explicated not only theoretically, but
also operationalized in government documents. However, it is debated to these days
[4]. Similarly, the European Union puts the date in both the Lisbon strategy and the
Europe 2020 strategy. In this context, as well as regular charts of the countries are
compiled by some countries or international institutions.
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In a similar way, the economic power of territorial units within individual states [1]
is defined. At the regional level are most commonly used categories of gross domestic
product, but also other indicators describing the sub-segments of the economy of the
monitored territory [3] can be used too. When determining the potential of regions is
mostly based on the so-called "driving" factors, resulting in the identification of set-
tlement patterns, economy and industry, demography and employment and social
sphere [2] [6] [8 - 11]. Individual areas are associated with a set of relevant indicators.
For multi-dimensional assessment of regional development could be used significance
Hrees® of the factors, which is usually named ,,Ishikawa diagram“[7]. With this dia-
gram can be described development potential of the area. Unlike this method there are
other methods which could be used of assessment as is the method of paired compari-
sons, and other available methods. Partial indicators are then usually assigned appro-
priate weight and according to certain algorithms are aggregated.

Unlike the national view, where there is sufficient data base, for analysis, compari-
son and evaluation of lower level of territorial and administrative units are not always
complex indicators and indicators. In the present paper, we offer one of the possible
variants of creation the index of economic potential of the region, taking into account
the available data base.

However, it is clear that in the regional domestic and foreign literature there are
different approaches determining the economic potential of the region and are pro-
posed different criteria and indicators for their synergistic expression. Compared to
the macroeconomic level, there is much less consensus of experts.

The occurrences of many catastrophic floods in recent years led to significant in-
crease interest of policies in improve flood protection. The main subject of discussion
is the impact of measures to protect again negative effect of floods in individual re-
gions and the influence of these measures on both economic growth and other eco-
nomic fundamentals. This is directly connected with the problem of allocation of
public spending in these areas.

The aim of our paper is to present the model of territory unit evaluation (hereinaf-
ter referred to as “the MTUE”) and its use in terms of increasing the efficiency of
spending resources in area in relation to flood protection. This model is formulated as
a combination of two models including model of risk matrix and model of the area
value. In developing Model of the Czech Republic, we came out the models available
in literature.

2 The model of territory unit evaluation

The basic concept of the model is the assumption of its application for comparison of
individual territorial units and for evaluation of efficiency of spending resources in
area in relation to flood protection. The total amount of aid should be based on char-
acter of the affected area and risk of threats. The MTUE is developed for the evalua-
tion territory unit. In the MTUE we have used the concept of risk matrix and the con-
cept of economic potential of the area.



The MTUE consist of the combination of two sub-models: the risk matrix model
and the territory unit model.

2.1  Risk matrix model

The risk matrix model takes into account the risk of property loss and risk of human
life loss in the territory unit.

The property loss. The coefficient of the property loss is based on potential loss of
property during the floods. It is determined as follows:

Em = wyEmy +w,Em, (1)

where Em, is the property loss,
Em, isthe property loss in area with the property,
w,, isthe value for the coefficient.
The values were set 0.5 for both coefficient based on an expert assessment.

Risk of human life loss. The coefficient of risk of human life loss is designed as
weighted sum, see the following formula:

Eo = wEo; +wyEo, 2

where Eo; s the coefficient of human life loss,
Eo, is the coefficient of human life loss per population of the territory
(district),
wy, isthe value for the coefficient.

The values were set 0.5 for both coefficient based on an expert assessment.

2.2 Territory unit model
Territory unit model comprises:

e basic indicators defining the territory (number of inhabitants and area, number
inhabitants per ha);

e economic indicators considering the riches of the region from the perspective of
tangible assets (property values and structures), investment and business (Foreign
Direct Investment and number of business entities);

e income indicators (tax revenue per capita, average wage and employment).

The economic potential is then a function of the above variables:

Epj = fGryveny) ©)



where X are variables affecting the value of the economic potential

For the construction of the economic potential we used concept multi-criteria evalua-
tion and weight point method. Thus

E]‘i?_i' = Ef_.=1. B Wi (4)
where  Ep; is the value of economic potential of j-territory unit, j=1,...,n,
ey is the coefficient of population per hectare of the territory unit (TU),
epy; is the coefficient values and structures of the property of the TU
eps; is the coefficient of the tax revenue of the TU,
€P4j is a coefficient of the average salary of a TU,
€Ps; is the coefficient of the employment of the TU,
€Psj is the coefficient representing the amount of foreign direct invest-
ment per capita of the TU,
epyj is a coefficient representing the number of enterprises per inhabitant

of the TU and ep; € [0,1].

Subsequently, the expert review determined weights for individual coefficients,
where:

W= 005, W» 20.05, W3 = 04, Wy= 02, W5:0.05, Weg 20.15, Wy =0.1.

Resulting evaluation of territory unit is then weighted coefficient of the above three
coefficients:

TUE; =w,Em; + wyEo; +wEp; € {0.1} (5)

where TUE;  isj-TU evaluation, j=1,...,n,
Em; is the coefficient of risk of property loss of j-TU, j=1,...,n,

Eo; is the coefficient of risk of human life loss of j-TU, j=1,...,n,
Ep; is economic potential of j-TU, j=1,...,n,
Wi is standardise value for the coefficient.

The expert review determined weights for individual coefficients, where:

W= 0.3,W2 :0.3,W3 =0.4.

3 Case study in the Czech Republic

The developed Model is constructed on the basis of available data in the Czech Re-
public. As the basic territory unit we choose district.

All coefficients used in Model are tracked and available and were determined on
the basis of an expert assessment and the possibility of freely available data based on
a database of the Czech Statistical Office and is available on www.czso.cz. The aver-


http://www.czso.cz/

age wage is also based on company data, and server Profesia City for business operat-
ing on site http://www.mestoprobyznys.cz. Only in the case of tax revenues per capi-
ta, we use data from the Ministry of Finance. For the case study we choose the year
2010 with the exception of data which we obtained from the Ministry of Finance.

3.1  The property loss of district

Coefficient Em; was calculated according to loss of fixed assets of districts. Based on
the distribution of the data the reference value of 3 billion CZK per year was deter-
mined by expert way. The districts that exceeded the reference values have been as-
signed a value of 1. Data of other districts were recalculated as a proportion of poten-
tially affected assets by flood in million CZK per year and the reference value.

Coefficient Em, was calculated as the proportion of potentially affected property by
floods in urban area of the region (district). Based on the distribution of the data the
reference value for the calculation of coefficient was set out 1.5 million CZK. The
districts that exceeded the reference value have been assigned a value of 1. Data of
other district were recalculated according to the following formula:

My

(6)

Emy; = -4
where  M; is value of potentially affected property by floods in million CZK
per year,
ZU; s the urban area of district j in ha, where j=1, ... ,n (n =76).

3.2 Human life loss of district

Coefficient Eo; was calculated according human life loss of district. Based on the
distribution of the data the reference value of 1000 inhabitants per year was deter-
mined by expert way. The districts that exceeded the reference value have been as-
signed a value of 1. Data of other district were recalculated as a proportion of human
life loss of the district per year and reference value.

Coefficient Eo, was calculated as a proportion of human life loss per population of
territory (district). When calculating the risk of human life loss we have used data on
the number of inhabitants of the territory in 2010. Based on the distribution of data
the reference value for the calculation of the coefficient was set out 0.01. Data of
other districts was recalculated as the proportion of the human life loss per population
of territory in year and reference value.

3.3 The Economic potential of the district

Coefficient of population per hectare. For the purpose of the creation this coefficient
was used indicator on the total area of the region (district). As a reference value was
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determined by expert assessment value of 10 inhabitants per hectare. This value is
based on the distribution of the data. While districts that exceed this value were as-
signed a value of 1 and other districts of the coefficient of population per hectare of
the district recalculated using the following formula:

_ Foj

gpj__i- ~ip (7)

where  Po; is the number of inhabitants per hectare.

Coefficient values and structures of the property. The value and structure of assets is
based on the conversion of built up area to the total area of the region. For this indica-
tor was using the expert assessment of the minimum reference value of 10%. This is
based on data distribution. Districts with the reference value higher 10% assigned
value 1.In other districts the coefficient values and structures of assets is calculated
using the following formula:

5.‘-!",-
Efz; = oL (8)
where  SM; is the proportion of built-up areas and courtyards in the total area.

Coefficient of the tax revenue. In the case of tax revenues per capita, we use data from
the Ministry of Finance. The reference value was determined according to the distri-
bution function of 50 thousand CZK. This is based on data distribution. Districts with
tax revenues per capita higher than reference value assigned value 1. Other values
were recalculated using the following formula:

D
0,000

r;"3"-:'!_{ = (9)

where  D; is j-district tax revenue per capita.

Coefficient of the average salary.For the conversion coefficient of the average wage
was, according to the distribution of the dataset reference minimum average wage of
26 thousand CZK. This value exceeds only districts: Prague, Mlada Boleslav, Brno
city and Pilsen-city. Average wages were recalculated using reference value. When
districts exceeded this value they were assigned a value of 1. In other districts the
coefficient values and structures of assets is calculated using the following formula:

i‘Y.J'
P4 = Teooo (10)
where  m; is the average wage in j-district.

Coefficient of employment based on the unemployment rate in the districts. The refer-
ence value was determined natural rate of unemployment at 4%. Taking districts, who



had lower unemployment than 4%, has been assigned a value of 1. Other districts
were assigned a value according to the following formula:

_ o4
i.LJ'

eps; (11)

where  u; is the unemployment rate of the district

Coefficient of foreign direct investment was based on the foreign direct investment.
For this indicator was using the expert assessment of the minimum reference value
400 thousand CZK per capita. This is based on data distribution. Districts that the
reference value exceeded 400 thousand CZK per capita has been assigned the value of
1. In other districts the average coefficient of FDI is calculated according to following
formula:

.FZ‘IJ'

®Psi = son.000 (12)

where  PZI; s the average foreign direct investment flowing into the j-district.

Coefficient of enterprises. Coefficient of enterprises is constructed by dividing the
number of business entities in the population. For the construction was used data from
year 2010. As reference value was used 0.32. This is based on data distribution.
Counties that exceeded the reference value (only districts Prague and Brno-city) was
assigned a value of 1. In other districts the coefficient values and structures of assets
is calculated using the following formula:

E5j

Qp____i- = naz (13)
Subsequently, it was determined coefficient of the economic potential of the dis-
trict according to the formula (4). A coefficient of the economic potential is shown in

next figure.




Fig.1. Map of economic potential for the districts of the Czech Republic in 2010 (Source: Au-
thors)

4 Results and discussion

The coefficient of the territory value evaluation of the district according to the for-
mula (5) is shown in next table.

Table 1. Coefficient of the district value in the Czech Republic in 2010 (Source: Authors)

District Em Eo Ep TUE District Em Eo Ep TUE
Praha 1,00 041 1,00 0,82 Liberec 0,71 0,73 0,93 0,81
Benesov 0,13 0,06 0,40 0,22 Semily 041 041 0,80 0,56
Beroun 0,24 0,17 0,63 0,38 Hradec Kralové 0,40 0,26 0,80 0,52
Kladno 0,22 0,08 0,46 0,27 IJicin 0,14 0,25 0,74 0,41
Kolin 0,25 0,23 0,49 0,34 Nachod 0,65 1,00 0,71 0,78
KutndHora 0,17 0,17 0,45 0,28 RychnovnadKn&mou 0,15 0,39 0,68 0,43
Mélnik 0,92 0,49 0,47 0,61 Trutnov 0,45 0,94 0,76 0,72
MladéBoleslav 1,00 0,50 0,88 0,80 Chrudim 0,13 0,25 0,38 0,27
Nymburk 0,30 0,28 0,38 0,33 Pardubice 0,20 0,08 0,66 0,35
Praha-vychod 0,22 0,08 0,72 0,38 Svitavy 0,17 0,72 0,76 0,57
Praha-zapad 0,28 0,10 0,61 0,36 Ustinad Orlici 0,53 1,00 0,59 0,70
P¥ibram 0,10 0,07 0,39 0,21 Havlickiv Brod 0,09 0,04 0,38 0,19
Rakovnik 0,17 0,04 0,42 0,23 lihlava 0,29 0,12 0,52 0,33
Ceské Budgjovice 0,66 0,33 0,69 0,57 Pelhiimov 0,06 0,06 050 0,24
Cesky Krumlov 0,20 0,13 0,39 0,26 Tiebic 0,45 0,12 0,34 0,21
Jindfichiiv Hradee 0,14 0,14 0,35 0,22 ZdarnadSazavou 0,10 0,08 0,38 0,20
Pisek 0,10 0,25 0,41 0,27 Blansko 0,20 0,11 0,37 0,24
Prachatice 0,18 0,18 0,33 0,24 Brno-mésto 0,62 0,23 0,86 0,60
Strakonice 0,19 0,24 0,37 0,28 Brno-venkov 0,30 0,29 0,45 0,36
Tébor 0,31 0,19 0,41 0,32 Breclav 0,16 0,11 0,40 0,24
Domazlice 0,05 0,17 0,36 0,21 Hodonin 0,05 0,03 0,36 0,17
Klatovy 0,29 0,43 0,44 0,39 Vyskov 0,10 0,31 0,43 0,29
Plzeii-mésto 0,71 0,05 0,86 0,57 Znojmo 0,02 0,01 0,36 0,15
Plzen-jih 0,06 0,07 0,39 0,19 Jesenik 0,08 0,14 0,33 0,20
Plzen-sever 0,13 0,21 0,39 0,26 Olomouc 0,79 1,00 0,45 0,72
Rokycany 0,11 0,29 0,42 0,29 Prostejov 0,03 0,01 0,37 0,16
Tachov 0,22 0,10 0,40 0,25 Prerov 0,74 0,98 0,39 0,67
Cheb 0,14 0,08 0,39 0,22 Sumperk 0,54 1,00 0,36 0,61
Karlovy Vary 0,45 0,07 0,43 0,33 Kroméfiz 0,31 0,73 0,34 045
Sokolov 0,41 0,59 0,38 0,45 Uherské Hradisté 0,23 0,46 0,38 0,36
Dé&in 051 0,31 0,46 0,43 Vsetin 0,43 0,66 0,42 0,50

Chomutov 0,27 0,11 049 0,31 Zlin 0,70 0,83 0,59 0,70



Litoméfice 0,99 044 041 0,59 Bruntal 0,21 0,40 0,32 0,31

Louny 0,35 0,19 0,35 0,30 Frydek-Mistek 0,14 034 046 0,33
Most 0,13 0,02 0,56 0,27 Karvina 0,22 0,21 0,37 0,28
Teplice 0,09 0,06 0,46 0,23 Novylicin 0,11 017 042 0,25
Usti nad Labem 0,64 0,21 0,51 0,46 Opava 0,13 0,15 0,41 0,25
Ceskd Lipa 0,15 0,27 0,46 0,31 Ostrava-mésto 0,22 0,05 092 045

Jablonec nad Nisou 0,33 0,37 0,45 0,39

For the expression of economic potential of the region there are not always suffi-
cient sources of data. This is probably one of the reasons why experts in this research
area design different patterns and indicators which are usually based on the available
information. Diversification in view of economic (social-economic) aspects of the
described area is also conditioned their professional orientation (e.g. regionalists,
economists, experts in labour market and social policy, etc.). In this sense, there is no
uniform methodology for the evaluation of territorial or administrative units of state,
or this approach has own purposeful nature (e.g. comparison of cohesion regions
NUTS 2 within regional policy of EU). If the data exist (e.g. gross domestic product),
then could be this data apply generally to the middle level of territorial units or public
administration of the country. For lower levels the synthetic economic characteristics
are not usually stated and are published only partial indicators such as population,
unemployment, etc.

Therefore, we recommended using for assessment of regional development for
named lower level of territorial units (on the example of district in the Czech Repub-
lic) the appropriate indicators and their immanent coefficients (population per hectare
of the district, the value and structure of the property in district, the tax revenue of the
district, the average wage of the district, employment the district, the amount of for-
eign direct investment per capita in district and the number of enterprises of the dis-
trict).

Number of indicators is not random. It is not only based on their traceability but
also from expert panel. Using only one or two indicators could possibly lead to distor-
tion in description of real economic power of examined territorial units. Distortion is
to a certain extent reduced by using multi-criteria evaluation. It is obvious that into
account could be taken other indicators (e.g. purchasing power of population). How-
ever, on the one hand with the rise in number of indicators the complexity of the cal-
culation is increased, on the other hand their marginal value added decreases, as many
indicators correlate or have some substitutes. For example, the purchasing power of
the population is usually conditioned the average wage of reporting district, that is not
a border tourist destination. It is therefore a selection of indicators that are available,
complementary and balance, and while providing relatively easy operationalize.

5 Conclusion

The proposed structure of economic potential of region may have a wide application,
e.g. in developing strategic, conceptual and program documents of public administra-



tion on the state or regional level, especially in regional politics, when deciding how
to allocate resources in the area and establish the priorities for disparately regions. In
our case this procedure, calculation respectively, has been use in the context of the
project which examined the flood risk in flood affected districts in the Czech Republic
in terms of flood protection. In addition to the categorization of floodplains according
to frequency of recurring floods and flood of threat (Q20, Q50, Q100, etc.), the classi-
fication of districts according to their economic potential was performed. Based on
their interaction there was recommended model for determination of order for invest-
ment in flood protection. This case study shows practical applicability of assessment
of regional development within the investment in the region. Much more could be
done to improve this model. That could be subject of further research.
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