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Abstract

The main aim of this research was to analyse the impact of embankment construction on floodplain

land use through a land use comparison of embanked and unembanked floodplains. Another purpose of

was to assess the influence of studied floodplain land use on the environment. The analysis was conducted

on the example of two cities along the Odra River in Poland: Otawa and Brzeg, which significantly vary

from each other in the level of river levee. The former one is embanked while the latter is not. The study

has shown that in the cities studied there is a more beneficial method of floodplain spatial management

in the embanked areas, both from the protection and functioning of the environment and for potential

environmental contamination in the case of the perspective of flooding (in fact, these areas are less invested

than the examined embanked areas), as well as the embankment being an important anthropogenic element

that changes river valley land use. It is largely determined through hydrology (the change of water and

soil conditions due to the creation of an embankment), but also by legal regulations in the range of spatial

planning and economics in the floodplain areas.

Keywords: floodplains, land use, embankment, environment, Odra River

Introduction

River valleys are characterized by their high nature
value. They constitute a dwelling place of numerous
rare, dying out, or endangered species in Europe [1].
River valleys in Poland are distinguished by their unique
biotopes — especially riparian forests and oak-hornbeam
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forests [2]. In the majority of cases river valleys function
as wildlife corridors [3].

Floodplains are also of high hydrological importance
due to the high water retention capabilities of this
ecosystem. Swamps (bogs and peat bogs) and forest
complexes retain the highest retention value, while in
floodplains the oxbow lakes and waterholes are significant
in terms of so-called small water retention [cf. 4-5].

Because of the high soil fertility, flatness, availability
of construction materials and near distance to river water,
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floodplains have always been very attractive for urban
development and agricultural purposes. This has resulted
in the construction of embankments that have cut off
rivers from their floodplains. As a result, it is estimated
that worldwide 50% of the wetland area is “lost,” and
in Europe this score is even higher [6]. This means that
floodplains are the most threatened ecosystems among all
ecosystem types [7].

Building floodbanks in river valleys has a negative
impact on valley storage and the state of natural habitats.
The embankment of the valley results in cutting its major
parts off from access to river waters in full spate, therefore,
as a consequence, there are fewer floods and the conditions
of the habitat between the embankments [3, 5, 8-9]. River
embanking causes an increase in height and speed of the
flood wave in the inter-embankment zone [9-11].

Levees that are one of the technical activities
commonly applied for flood protection brings the opposite
effect. They raise the flood risk and transfer it to the lower
course of a river [9-13]. Thus neither the strengthening
nor heightening of existing dykes, as well as constructing
new levees, doesn’t solve the issue of flooding and does
not provide complete flood protection (e.g., in the case
residual or higher risk). There need to be other activities
undertaken to avert flooding [9].

The water retention capabilities of a river valley also
depend on both environmental conditions and, what is
more important, human activity, including land use [9,
14]. The method of drainage basin use significantly im-
pacts water quality, the river hydrological regime, and the
state of the environment [15].

At present, the growth of urbanization of riversides
which leads to the modification of hydrological conditions
in the watershed, including the acceleration of the water
cycle (increase runoff), can be observed [cf. 16-23]. Urban
areas are characterized by a large number of impermeable
or slightly permeable surfaces (e.g., buildings, roads, car
parks, and pavement) that limit the rainwater soaking in
the soil, resulting in the lowering levels of aquifers [15, 18,
24]. The high density of surface sewerage system in urban
areas alters the paths of the rainwater outflow in relation
to natural areas and increases the speed of water flow [15].
The usage of impermeable surfaces in the watershed is
frequently considered a marker of urbanization level in
surveys on the assessment of the influence of urbanized
areas on hydrological conditions [25]. Ciupa’s study [25]
proved that the maximum outflow from the watershed
in the city centre is three times higher than in forest
areas and two times higher than in agricultural areas.
The urbanization of floodplains also results in changes
of hydraulic conditions of river valleys and the river
hydrological regime [5, 19, 24, 26].

The main aim of this research was to analyse the
impact of embankment construction on floodplain land
use through a land use comparison of embanked and
unembanked floodplains. Another purpose of was to
assess the influence of studied floodplain land use on the
environment.

Study Area

Research was conducted on the basis of the analysis
of two cities: Brzeg and Otawa, located along the Odra
River (in its upper reaches) in Poland. These cities provide
two opposing cases, considerably diverse in the degree
of embankment of the river valley. Otawa is embanked
to a great degree from the side of the Odra, while
Brzeg is practically unembanked. Due to a high level of
embankment of the river valley of the Odra River, the
surface of the strict floodplains (i.e., inter-embankment
zone) in the river valley of the Odra corresponds with
roughly 27% of the surface of natural floodplains [27].
Jermaczek, Misztal, and Wasiak [28] estimate that as a
result of the development of the built-up areas in the valley
of the Odra, three-quarters of the natural floodplains have
been lost (i.e., especially unembanked floodplains).

The Odra is the border river between Poland and
Germany and is one of the six biggest river systems in
Europe [29]. The floodplains in the Odra drainage basin
are used mainly for agriculture (above 70%). Moreover,
they are sparsely forested (about 18%) [30]. The remains
of historical forests, characteristic of especially boggy
habitats, survive in the present inter-embankment zone and
in the marshy areas cut-off from the river by embankments
[27].

Brzeg and Otawa are located in the Wroctaw
Urstromtal, 15 km from each other, in the section from the
Mata Panew outlet to the Kaczawa outlet. In this part of
the urstromtal the width of the Odra valley ranges from 3
to 6 km and sometimes more. The Odra valley within the
Wroctaw Urstromtal is very diverse in terms of the degree
of anthropogenic transformations and its uses [27].

The complex of the biocenoses forest that is considered
the biggest and the most important in scale in Poland is
located on the right bank of the Odra River, near Otawa, in
the floodplains in the area of the researched cities. There
are also large areas of marshy meadows [27]. Brzeg and
Otawa, in comparison with other cities on the Odra River,
are notable due to riversides that are precious in nature. In
both cities, more than 68% of the floodplains are protected
by law as part of Natura 2000 in the form of Special
Protection Areas (SPAs) (Figs 1-2).

In this study, floodplains are considered to be the areas
at a direct and potential hazard of flooding corresponding
with the flow of the floodwaters with the probability of
flooding of p = 1%!'. In the case of embanked areas, the
regions at direct hazard of flooding comprise the areas
between the river channel and the embankments (the
so-called inter-embankment zone), while the regions
at potential hazard of flooding — the areas behind the
embankments in the range of floodwaters p = 1% (the arecas
cut off from the river by embankments). Yet, in case of the
unembanked areas the regions at direct hazard of flooding

! The extent of areas at a direct and potential risk of flooding was
assigned in the Atlas of the Odra River Floodplains (Atlas tere-
now zalewowych rzeki Odry in Polish) by the Regional Water
Managemnet Authority in Wroclaw (2003-06).
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Fig. 1. Land use of floodplains in Otawa in 2010.
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Fig. 2. Land use of floodplains in Brzeg in 2010.

comprise an area with an ordinate standing for the water
flow p = 1% (including the sparse natural levees that are
not a part of the constant system of flood protection) or
to the level of the natural high bank, while the regions at
potential hazard of flooding comprise the areas behind the
mentioned local natural levees.

In both cities, around 26% (about a quarter) of their
areas are at risk of being flooded. However, both in terms
of the total surface of the flooding and the percentage of
the area at hazard of flooding, Otawa is more at risk of
flooding than Brzeg, where more than 30% of the city’s
surface is at risk, with the majority of floodplains (85%
of their general surface) being protected by embankments
situated fairly near the channel of the Odra. Brzeg, on
the other hand, is not protected by embankments and the
majority of floodplains constitute areas at direct hazard
of flooding (88% of their general surface; Table 1). The
analyzed cities therefore differ in sizes of embanked areas
and, consequently, in the specification of the areas at
hazard of flooding.

Methods

In order to identify the forms of land cover and
land use I used GIS tools to interpret ortophotomaps
with the visual classification method for 2010. Visual
interpretation of rasters requires the observer to outline
manually all elements of land cover, adhering to the rule
of the complementarity of polygons as well as topological
correctness and coherence of the whole land cover. The
efficiency and quality of work is greatly dependent on
the knowledge and interpretation skills of the observer
[31]. The minimum separate unit in the conducted photo
interpretation of aerial images amounts to 10 m?.

The analysis of the structure of land cover and the
developments of floodplains has been conducted on
four analytical levels, distinguished on the basis of the
classification of Baza Danych Obiektow Topograficznych
(BDOT, Topographic Complexes Database) and the
classification of Ewidencja Gruntéw i Budynkow (EGiB,
Register of Lands and Buildings; Table 2). As a result, on
the fourth and the most detailed level, the structure of the
development of floodplains has been described through 24
forms of land development. From the perspective of the
issues at hand (further on in the article), on the one hand
special attention was paid to the analysis of such forms of
development and land cover of:

1) Such urbanized areas as wheeled transport areas
(roads), squares, built-up areas (especially industrial
and storage buildings and technical infrastructure),
and cemeteries

2) Biologically active areas such as water basins, forests
and wooded areas, agricultural areas, recreation areas,
and lawns.

It is assumed that the first above-mentioned group has
a negative impact on the natural environment in the river
valley due to the “sealing” of the area or the large potential
source of environmental pollution in the case of flooding,
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Table 1. Sizes of floodplains in Brzeg and Otawa.
) Areas at direct risk of flooding Areas at potential risk of flooding Areas at risk of flooding (in total)
o ha % ha % ha %
Otawa 128.18 4.69 751.87 27.51 880.05 32.20
Brzeg 253.33 17.52 33.72 2.33 287.05 19.85

while the enumerated biologically active areas improve
the retention capabilities of the river valley.

Results and Discussion

In the embanked floodplains in Otawa the percentage
of forested areas and wooded and bushy land, as well

Table 2. Classification of floodplain land use.

as agricultural land and land with surface water in the
general surface of floodplains, is higher than in the
unembanked floodplains in Brzeg (87.6% and 69.8%
respectively). Similarly, the percentage of slightly
permeable and impermeable areas (built-up areas, roads,
and squares) is higher in Brzeg than in Olawa (6.0% and
1.6%, respectively). In the analysis of floodplains, it is
the regions at potential hazard of flooding that have a

First Level Second Level Third Level

Fourth Level

Water areas Water areas

Flowing water areas

Stagnant water areas

Forests and

Non-urbanized areas wooded areas

Forests and wooded areas

Forests

Wooded areas

Meadows and pastures
Agricultural crops areas
Agriculture areas Arable land
Permanent crops areas Orchards

Cultivated green areas

Semi-invested . Cemeteries
« Recreation areas
arcas Allotments
Sport fields
Lawn
Unbuilt urbanized areas
Squares

Transport areas

Wheeled transport areas (roads)

Railway transport areas

Urbanized areas

Invested areas**

Built-up areas

Residential buildings

Service and trade buildings

Office buildings

Public service buildings

Sacral buildings

Industrial and storage buildings

Transport buildings

Outbuildings

Technical infrastructure buildings

* Areas with a dominant share of greenery and biologically active areas and a faint share of buildings.
**Areas that are strictly under buildings and the land surrounding them, serving the function of a building (i.e., lawn and squares) as

well as transport areas.
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Fig. 3. Structure of floodplains land use in Otawa and Brzeg in 2010.

higher percentage of “sealed” areas (on average 19.8%)
and a lower percentage of forest and agricultural land as
well as water areas (on average 65.4%) in comparison to
the regions at direct risk of flooding (8.7% and 83.8%,
respectively).

In the structure of the development of analysed
floodplains, both embanked and unembanked, agricultural
use predominates (Fig. 3), which has been observed also
by Rast, Obrdlik, and Nieznanski [27]. The presence of
extremely fertile soils — river alluvial soils and, in drained
areas cut off from the river by embankments in Otawa,
gley soils — is favourable to that.

Unembanked areas in Brzeg are less frequently used
in agriculture and are more forested than embanked areas
in Otawa (Fig. 3). It can stem from diverse water and soil
conditions caused by the embankment in the embanked
areas. The creation of an embankment in natural floodplains
upsets the water and soil relationship in the river valley. In
the areas cut off from the river by embankments the level of
groundwater lowers and, as a result, in the embanked valley
in Otawa, arable areas predominate in the structure of the
usage of agriculture areas (71.5%), while in unembanked
areas in Brzeg meadows, pastures, and wooded and bushy
land prevail (65.3%).

The presence of the embankment is not without
influence on the size of small water retention, which
consists in the surface accumulation of water (in
natural and artificial bodies of water). It is greater in the
unembanked areas in Brzeg than in the embanked areas in
Otawa (Fig. 3).

Generally, the analysed floodplains are quite forested
for urban areas (within the administrative borders of the
cities), while the unembanked floodplains in Brzeg are
more forested and wooded than the embanked floodplains
in Otawa (Fig. 3). In both cities the forested, wooded, and
bushy land can be found mainly in the first flood zone (Ta-
ble 3). On the one hand, it is a favourable situation due
to the areas that are wooded and abundant in bushy veg-
etation increasing the retention capabilities of the valley
through limiting the surface flow of waters, simultaneous-
ly increasing the capabilities of retaining them in the soil
[cf. 14, 24]. However, on the other hand, the trees grow-

m Water areas
# Forests and wooded areas
Agriculture areas

m Recreation areas

Otawa
1,4
1,4

7,2 07 91

= Unbuilt urbanized areas

ing in the inter-embankment zone increase the roughness
of floodplains and limit the flow capacity of the inter-em-
bankment zone, which can lead to the banking up of the
flood wave and the increase in its destructive power [cf.
14, 32-34].

The embanked areas in Otawa are less used for rec-
reational purposes than the unembanked areas in Brzeg
(Fig. 3). It could be concluded that the separation of the
city from the river with embankments is not favourable
to the recreational use of river valleys. The rarity of us-
ing analysed riversides for recreational purposes is, on the
one hand, positive in the environmental aspect, due to pre-
cious riverside vegetation and animal habitats not being
endangered by negative effects of recreational activities.
However, on the other hand, a lot of recreational potential
of river valleys remains unused.

The unembanked floodplains in Brzeg are more in-
vested than the embanked floodplains in Otawa (Fig. 3).
In the unembanked floodplains the majority of buildings
is located in the first flood zone, while in the embanked
floodplains lies the second flood zone (Table 3). It mainly
arises from the law of determinants of spatial economy
in Polish floodplains. As the maps of floodplains used in
the study are not binding in a legal and planning capac-
ity, in the analysed area the prohibition and restriction of
development applies only to the inter-embankment zones,
therefore it applies solely to embanked areas. To prohib-
it development on unembanked areas, the study of flood
protection identifying the range of direct hazard of flood-
ing should be drawn up in relation to the analysed year
of 2010. Therefore, the location of embankments within
the city limits causes, to a degree, the distancing between
the buildings and the river, helping to preserve and protect
precious riverside biotopes, usually located in the immedi-
ate neighbourhood of the river.

In the analysed unembanked areas, due to the legal
right of building closer to rivers, the share of industrial and
warehouse buildings as well as technical infrastructure in
the surface of floodplains is bigger in Brzeg than in the
embanked floodplains in Otawa (Fig. 3). The location of
industrial buildings and technical infrastructure (including
a sewage treatment plant) by the riverside may stem from
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Table 3. Structure of floodplain land use in individual flood zones in Otawa and Brzeg in 2010 (%).

o Otawa Brzeg
and use
(second and third levels) Areas at direct risk | Areas at potential risk | Areas at direct risk | Areas at potential risk
of flooding of flooding of flooding of flooding
Water areas 0.1 0.8 14 0.0
Forests and wooded areas 19.3 7.4 13.6 9.1
Agriculture areas 74.9 78.3 58.2 352
Recreation areas 0.3 2.7 32 7.3
Unbuilt urbanized areas, 4.7 7.7 15.2 32.1
including:
- lawn 4.0 5.3 7.8 14.3
- squares 0.7 24 7.4 17.8
Transport areas 0.4 1.6 2.7 5.6
Built-up areas 0.3 1.5 5.7 10.7
Total 104.7 107.7 115.2 132.2

the production plant’s high demand for water during
the technological process and the facilitated pouring
of purified sewage to the river. Industrial and technical
buildings, especially the ones at direct hazard of flooding,
constitute potential emitters of pollution in case of a flood;
they are a threat for both the natural environment and
man. However, in the embanked floodplains in Otawa,
the majority of such buildings, including the sewage
treatment plant, is located in the second flood zone and
is protected by the embankments (Table 3). On a positive
note, there are no other potential sources of environmental
pollution (e.g., cemeteries) that especially dangerous at
times of flooding in the analyzed areas (both embanked
and unembanked).

The issues discussed in this study are particularly cru-
cial in terms of the development of areas protected by law
and having high natural value. In Otawa, within the land
of Natura 2000 at hazard of flooding, agricultural areas
predominate (85.1%). Only 2.8% of the analysed Natu-
ra 2000 land is invested as a dispersed homestead devel-
opment with the attached lawn, squares, and roads (3.9%
semi-invested areas, 8.2% water and forests and wooded
areas; Fig. 1). In contrast, in Brzeg, 60.4% of the Natu-
ra 2000 land is agricultural, while 23.9% is invested (the
built-up areas, lawn, squares, and roads; 6.3% semi-in-
vested areas, 9.4% water and forests and wooded areas).
Areas of industrial development together with a sewage
treatment plant situated in the Odra Islands are located
within the Natura 2000 areas.

The land use patterns for the Odra in the inter-em-
bankment zone correspond to the other research results.
The studies on urban land use development patterns of the
Potok Shuzewiecki catchment area in Warsaw (Poland)
showed a predominant share of arable land areas. Also,
a significant share of service and residential areas could
be noticed there [35]. Analogue outcomes could be found
in other cities in Poland [36], as well as in India [15] and
France [18]. In addition, as Wigzik [37] stresses, becau-

se of the embankment construction arable lands are often
turned into grasslands (meadows and pastures), and the
dikes protect mainly build-up areas (residential, service,
and industrial area) and main transport facilities. Also, as
Habersack, Shober, and Hauer [9] note, the existence of
embankments contributes to the creation of new develop-
ment areas since part of the floodplain is detached from
the river.

According to this research, while the meadows
and pastures prevailed in the inter-embankment zone,
a significant share of built-up areas has been noticed in
the floodplain area protected by the dikes. As Plit [38]
notes, the increase of built-up areas and the development
of new housing estates in the floodplains just behind
the embankments is very common in Poland and can be
observed in many Polish cities that are also located along
the Odra.

Conlusions

Despite embankment construcion undoubtedly
interfering with the environment, analysis shows that the
structure of floodplain development in the case of Otawa
river embankments is more beneficial from the perspec-
tive of the functioning of the natural environment and the
environmental protection of riversides than in the unem-
banked river in Brzeg. In an analysed case it is caused by
the total absence of formal regulation in the range of spa-
tial planning of unembanked areas. This stems from the
following observations:
¢ Inthe embanked river valley in Otawa the floodplains

are less altered by people and are therefore more
natural than the unembanked floodplains in Brzeg.
The percentage of forest and wooded and bushy
land as well as agricultural land or land with surface
waters in the general surface of floodplains is higher
in Otawa than in Brzeg.
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e The embanked river valley in Otawa has less limited
retention capabilities than the unembanked one in
Brzeg, as it is less “sealed” due to the lower proportion
of slightly permeable and impermeable areas (built-
up areas, roads, and squares).

e The embanked river valley in Otawa has no potential
emitters of environmental pollution in the range of
flood hazard zones, which in Brzeg are located in the
unembanked areas.

e The manner of development of Natura 2000 areas,
from the perspective of the protection of riverside
value, is more favourable in Otawa than in Brzeg. The
riverside Natura 2000 areas in Olawa are more similar
to the natural ones, with the combined percentage of
agricultural and forested land as well as those covered
with water higher than in Brzeg, while of invested
land it is lower.

In both analysed areas the regions at direct risk
of flooding are less altered by people (they are more
“natural” and less “sealed”) than the regions at potential
risk of flooding. However, it should be mentioned that in
the case of the embanked areas the difference in the degree
of investment (influencing the degree of alteration of the
natural environment by humans) of both floodplain areas
is greater than in the unembanked areas.

With regard to the environment in urban areas,
embankments protect and conserve floodplain ecosystems
as they limit urban development in the inter-embankment
zone. On the other hand, they lead to the change of water
and soil conditions in the river valley. Concerning spatial
planning policy, in turn, dikes allow for the development
of built-up areas in the river valley, and in consequence the
increase of potential flood losses. On the other hand, they
protect some facilities that constitute potential emitters of
pollution in case of flooding.

On the basis of the conducted analysis on the manner
of development of floodplains in Brzeg and Otawa, an em-
bankment is a crucial anthropogenic element differentiat-
ing the manner of the development of land in river valleys.
It is largely determined through hydrology (the change of
water and soil conditions due to the creation of an em-
bankment), but also by legal regulations in the range of
spatial planning and the economy in a floodplain area.

The older levees in Otawa are based on dated building
regulations. Also, at that time the floodplain areas were
much less developed, and in consequence the maximum
flow of the Odra was lower.

Hence, most segments of the embankments should
now be reclassified. As a result, the levees should be
heightened and reconstructed: their spacing and inter-
embankment zones need be extended. However, there are
many cases where the river valleys are highly urbanized
and there is no possibility of removing or moving existing
embankments [37].

The manner in which floodplains are developed cur-
rently is a result of centuries of expansion manifested in
the development of built-up areas and adaptation of land
for agricultural purposes. As a general rule, cities were lo-
cated in the river valleys in their higher river banks, main-

ly due to the proximity to water and defence purposes. The
urbanized floodplains could only either retreat or diminish
flood losses by the development of flood control methods
[39].

With the subsequent urbanization of floodplains, more
and more people have been exposed to flooding. Today,
increasing urbanization has made it impossible to com-
pletely withdraw human activities from flood risk areas,
especially in cities where there is no possibility to trans-
fer threatened settlements to the safer locations [28]. Such
transfers are too politically tough and socially disruptive
(Liao 2014, pp. 723-724), thus “existing built-up areas
can only count on flood control infrastructure” that “sta-
bilizes the floodplain to allow urbanization and economic
growth” [39, pp. 723-724].

The levees create a false sense of security that lowers
vigilance to flood risk and encourages people to place new
developments and investments just behind the embank-
ments in the floodplain area, which was shown in this and
other research [12, 28, 40-42].

Due to social pressures, the expenditures for flood pro-
tection of cities increases what leads to further floodplain
urbanization [8, 15]. Current conditions in floodplain ar-
eas are therefore the result of the urban design choices
made in response to the demand for space without flood
risk assessment [cf. 26].

Because floodplains are attractive both for agricultural
production and housing, service and idustrial locations,
there is high pressure by investors on their spatial
development. On the other hand, floodplains also play
a key role for flood protection, are a refuge for many
bird species and water plants, are attractive from the
landscaping point of view, and are appealing for recre-
ational pursuits [9]. In order to reconcile the needs of so-
cial and economic development of cities, flood protection
and nature conservancy, sustainable development princi-
ples for urban floodplain areas need to be applied [2, 5, 8,
12, 19, 43].

In accordance with these principles, we should seek
some solutions that both reduce the flood risk understood
as city or town economic development barriers and take
into account the economic benefits of flood protection and
nature conservancy [43]. According to Schober, Hauer,
and Habersack [14], sustainable land use planning should
also bring back the interaction between floodplains and
river channels.

What’s crucial for flood prevention, especially in
urban areas, is a spatial planning policy. Many researchers
consider land use planning as the most effective form of
flood protection that reduces flood risk, especially in dense
urban areas [5, 8, 17, 19, 45].

The basic principles of spatial management policy in the
floodplains should tend toward the reduction of the built-
up areas, decreasing the number the new investments, and
controling the use of these lands. In other words, spatial
planning is aimed at controlling urbanization processess
in such areas in order to protect people and their properties
from flooding [19]. In order to realize this goal, a strategy
for urban area development needs to be formed that
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decides whether to invest within the city bearing in mind
that it increases flood risk for people and raises the costs of
flood protection, or to develop new built-up areas outside
the city, with very low or no flood risk but usually with
greater distances to the city center.
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