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Abstract

The aim of the study was to determine the restoration potential of urban river reaches with
two different river segmentation methods. The first method was the evaluation of sections with
similar characteristics, delineated before assessment. The second method was the assessment of
100 meter [m] long sections. The method of preliminary sections based on the results can be used
if it is possible to delimit sections with similar characteristics from most evaluation criteria.
While in cases where several different evaluation criteria are applied, the delimitation of shorter
sections with the same length can give good results. From the point of view of the plan to be
developed, the method of identifying sections with similar characteristics can play a greater role
in delineating the most important restoration sub-goals and their target areas. While the method
of shorter sections of the same length can be well-used in the development of more detailed
concepts or plans. In addition, the territorial scale is also important. In small areas, on shorter
river reaches, the method of short, 100 m long sections can also be used. However, it is better to
delimit sections with similar characteristics on a large scale or if field surveys cannot be carried
out along the entire section length.

Introduction

Watercourses and landscapes along watercourses have been and are
currently being shaped by many natural processes and human activities,
the adverse effects of which make their protection and restoration one of
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the most important challenges today in Hungary, as well as throughout
Europe. A significant part of European watercourses has been changed by
human alteration and nearly 95% of the floodplains have been lost (PED-
ERSEN et al. 2014 and citations therein). The importance of the implemen-
tation of watercourse restoration tasks is emphasized by numerous inter-
national directives (EU Water Framework Directive — WFD, EU Biodiver-
sity Strategy until 2030, The European Green Deal, Proposal for a Nature
Restoration Law), and Hungarian plans and strategies (5t2 National Nature
Conservation Basic Plan — NTA-V, National Landscape Strategy — NLS).
The WFD’s list of measures includes rehabilitation projects aimed at restor-
ing the beds, banks, and shorelines of watercourses, as well as mitigating
the adverse effects of artificial structures. The planned measures of the
second revision of Hungary’s river basin management plan (Danube River
Basin Management Plan 2021) include the restoration of longitudinal con-
tinuity, improvement of hydromorphological conditions, enforcement of
ecological aspects (e.g. protection of damaged water and wetland habitats
because of the modified water flow, inadequate water supply, improper
management, poor water quality or invasive species), and promotion of
natural water retention.

Rivers are one of the categories of surface watercourses that can be
divided into groups according to size. Rivers have a large catchment area,
are considerable in length, and have a significant average water flow
(DEVAI et al. 1998). Small rivers are 50-250 km long, have 500—-10,000 km?
catchment area, and 5—50 m3/sec annual average water flow based on the
categories of DEVAI et al. (1998). Among the 28 watercourses, which are
listed in the Act CXCVI of 2011 on national assets as rivers, and in the
second revision of Hungary’s river basin management plan, they have
a “river” water management classification, 64% belong to the small river
category. The subject of this research is the small rivers in Hungary.

Different natural and social features and resulting rehabilitation
needs require different solutions when planning the rehabilitation of riv-
ers. These differences must be explored and taken into account. It is
important to properly establish the rehabilitation projects and to develop
the methods of evaluation of rivers, one of the tools of which can be the
determination of their rehabilitation potential.

In addition to the more widespread research on determining the resto-
ration potential of river reaches in rural areas, it is also important to place
greater emphasis on the rehabilitation of urban river reaches. Previous
research on the topic has mainly focused on river sections in rural areas
(ERDEI 2020a). Watercourses are an important pillar of blue infrastruc-
ture and are receiving increasing attention in developing green infrastruc-
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ture in urban areas (VASZOCSIK et al. 2014, MTA-OIA 2017). They repre-
sent an outstanding value, and their rehabilitation also contributes to the
increase of many ecosystem services. Settlements along rivers can also be
important destinations from a tourist point of view, for example, STARCZE-
WSKI et al. (2018) analyzed the tourism development potential of towns
along the Krzna river. Due to existing limiting factors, urban river sec-
tions are mainly rehabilitated rather than fully restored.

HULSE and GREGORY (2004), BOITSIDIS et al. (2006), FRANCIS et al.
(2008), NORTON et al. (2009), GURNELL et al. (2014), GUIDA-JOHNSON and
ZULETA (2019), and ZUO et al. (2020) are examples of international research
that, due to their scale or criteria, used methods applicable in urban areas.
In the Hungarian literature, publications on the management principles
of the rehabilitation of small watercourses (BATHORYNE NAGY 2007), the
hydromorphological and landscape ecological evaluation of floodplains
(LOczy 2011), or the improvement of continuity and the prioritization of
barrier removal (EROS and CZEGLEDI 2019) can also be mentioned. In
these studies, various segmentation methods were used. As a larger-scale
study, NORTON et al. (2009) dealt with the assessment of water bodies;
7ZU0 et al. (2020) evaluated the studied river by dividing it into upper, mid-
dle, and lower sections. LOCZY 2011 divided the investigated river into
sections with similar morphological characteristics based on preliminary
GIS analyses. BATHORYNE NAGY (2007) evaluated the studied stream by
segmenting it based on landscape types and landscape management zones.
In contrast to these, HULSE and GREGORY (2004) evaluated sections of the
same length while examining a longer river section and divided it into
1 km long sections. BOITSIDIS et al. (2006) examined urban river sections,
during which they evaluated river sections with the same length of 500 m.

Taking into account the definitions found in the literature, in this
research, we call rehabilitation the improvement of the landscape’s physi-
cal, chemical, ecological, and aesthetic condition along the river, as well as
its integration into the urban environment by increasing its multifunc-
tional role. The present research aims to facilitate the realization of urban
river rehabilitations, as its goal is to develop an evaluation methodology
suitable for determining the restoration potential of urban river reaches
and the restoration sub-goals for a given river reach. The restoration
potential was determined by applying two types of watercourse segmenta-
tion methods and comparing their results. Our aim is to evaluate the need
and possibility of restoration with the established methodology and com-
pare them territorially. In this way, areas that can be included in rehabil-
itation planning with a better chance can be mapped.
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Study area

The study area of the research was the urban river reach of Zagyva,
in Szolnok. Szolnok is a Hungarian city in the Northern Great Plain region,
in the county of Jasz-Nagykun-Szolnok, with a population of nearly 70,000.
The city is located at the mouth of the Zagyva, which flows into the Tisza,
the largest river in the Great Hungarian Plain. The Zagyva River reach
included in the evaluation was delineated with the help of the 300 m buf-
fer area of the land use units of Szolnok with residential, holiday, and
recreational functions. The study area contained the active floodplain of
the river reach (bed, banks, and floodplain). According to the type of water
body, the Zagyva is a lowland river with a small slope and a large catch-
ment. The examined Zagyva reach was affected by river regulation works,
the cut-off meander called ‘Holt-Zagyva’ is located north of the settlement.
The floodplain accessible for flooding has been significantly reduced to
secure more space for the city and eliminate flood risk on agricultural land.
There are significant elements of the green infrastructure north of the city,
on the former floodplain (mainly due to public welfare forests). The main
human interventions affecting the river reach in Szolnok are three trans-
versal structures (weirs) in the channel and maintenance practices (affor-
estation) on the active floodplain.

Materials and Method

In the Szolnok study area, we evaluated the river reach connected to
the urban areas to determine the rehabilitation potential (Figure 1).
The steps for this are explained in detail in the subsections below. As
a first step, we defined the examined river reach units and the possible
sub-goals related to their rehabilitation. The determination of the resto-
ration potential was made regarding the sub-goals. A separate evaluation
system was compiled from the examination aspects for each sub-goal. This
publication presents evaluations related to the sub-goals related to the
ecological and hydromorphological state of the riverbed, the bank, and the
active floodplain. During the evaluation, the need for restoration (from the
condition and characteristics of the river) and the possibilities of resto-
ration (from the presence of factors limiting its implementation) were
determined using a scoring method. By comparing the need and possibili-
ties of restoration, we obtained the restoration potential of the given sec-
tion for the sub-goal. With the help of this, the territorial differences within
the examined river reach were revealed, and the areas with good potential
in terms of the various restoration sub-goals could be delineated. By com-
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paring the results of the restoration potential per sub-goal, it was also
possible to base the planning of the restoration.

determination of restoration potential

defining restoration sub-goals

L

development of the criteria system
for each sub-goal:

need possibilities
for rehabilitation of rehabilitation

determination of restoration potential
by sub-goals

Fig. 1. Method of determining restoration potential

The evaluation was prepared using two types of segmentation meth-
ods, which are presented in detail below:

1. Pre-delineated sections with similar characteristics.

2. Sections with the same length of 100 m.

Defining restoration sub-goals

The restoration potential of the examined river reach was determined
by establishing restoration sub-goals. The most typical restoration sub-
goals related to urban rivers were determined based on the restoration
objectives summarized by NAGY and NOVAK (2004), the guidance standard
for assessing the hydromorphological features of rivers (14614:2020) and
the analysis of Hungarian projects carried out as a prelude to the present
research (ERDEI 2020b). In connection with the most common problems,
we determined the restoration sub-goals for which we prepared the evalu-
ation of the restoration potential. The sub-goals of this research are those
that primarily affect the area of the riverbed, the bank, and the active
floodplain, during which the hydromorphological aspects are an essential
part of determining the restoration potential.

The sub-goals evaluated in the current research were the following:

1. Improving the longitudinal connectivity, where artificial structures
limit fish migration.
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2. Improving the ecological and hydromorphological condition of the
active channel.

3. Achieving a more natural channel planform.

4. Improving the naturalness of floodplain vegetation.

5. Improving water quality.

Development of the criteria system for each sub-goal
and the source of the data

During the evaluation, the need for restoration (which follows from
the condition of the river) and the possibilities of restoration (which fol-
lows from the presence of factors limiting the implementation) were deter-
mined using a scoring system. The collection of assessment criteria was
based on a review of the literature on restoration potential (ERDEI 2020a),
the literature related to small watercourses (BATHORYNE NAGY 2007), the
guidance standard CEN 14614:2020, and the methodological manual on
the generation and evaluation of hydromorphological data (VIZITERV
2019). In addition, aspects related to the bed, banks, and floodplain were
taken into account in the research and summarized in Table 1.

Evaluation criteria related to the need and possibility of restoration fablet
Zone* | Evaluation criteria Sub-goal
Need of restoration
1 2 3
Be water quality based on the informative environmental rating index 5
Be ecological continuity of artificial structures in the channel 1
Be ?cological and hydromorphological impact of artificial structures 9
in the channel
Be naturalness of the channel form 2
Be average proportion of aquatic or wetland vegetation cover in open 9
water
Be, F frequency and type of specific morphological features 2
Be degree of modification of the planform 3
Be degree of change in the sinuosity index 3
Be distance of arable land from the bed 5
Be presence and effect of polluting sources 5
Ba bank slope degree modifications 2
Ba bank erosion depending on the influence of the river movement 3
Ba proportion of river sections affected by bank reinforcement 2,3
Ba shading effect of riparian woody vegetation 2
Ba continuity of buffer vegetation on the river bank 2
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cont. Table 1

1 2 3
Ba width of buffer vegetation on the river bank 2
Be, Ba, F | naturalness of lateral vegetation zonation 4
F naturalness of floodplain woody vegetation 4
F proportion of habitat patches infested with invasive species 4
F proportion of areas affected by human activity 4
F proportion of areas with nature conservation importance 4
Possibility of restoration
Be reduction options for the impacts of artificial structures 1, 2,3
Be naturalness of the channel form 4,5
Be, Ba degree of influence by sedimentation 2
F width of the floodplain 4,5
F width of the floodplain potentially suitable for the movement 13
of the river ’
F proportion and naturalness of woody vegetation 1,3
Ba, F occurrence of protected species 1,3
Be, Ba, F | proportion of areas with environmental importance 1,3,4,5
Be, Ba, F | occurrence of areas and values with heritage protection 1,3,4,5

*Be — river bed; Ba — river bank; F — floodplain

The sources of the data included the data provided by the General
Directorate of Water Management (artificial structures — characteristics,
continuity, possible measures; bank protection, map of the related flood
defence system; water bases); data provided by the Middle Tisza District
Water Directorate (map of the channel at low flow; bank reinforcement),
data provided by the Hortobagy National Park Directorate (occurrence of
invasive species and protected species; nature conservation areas). For the
remaining aspects of the study, analysis of field surveys, satellite imagery,
settlement plans, and historical maps were the sources of the data.

Determining restoration potential

To determine the restoration potential, the presented evaluation crite-
ria were assigned to the restoration sub-goals, so the restoration potential
was determined for each sub-goal. To determine the restoration potential,
we evaluated each aspect on a 5-point scale. In the case of aspects relating
to the river bank, the characteristics of the right and left banks were also
taken into account, however, the characteristics of the two sides were
summed up, and the river section was evaluated together based on them.
In that way we could describe the given section with one evaluation result
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according to the characteristics of the bank. In the case of the floodplain,
this is less possible, there can appear much different characteristics, and
they are geographically far from each other, so we found it more worth-
while to evaluate them separately, which resulted in two separate evalua-
tions result. Aspects were weighted in terms of importance. The scores for
each section were summed and averaged using weighting. We separately
aggregated the evaluation results of the aspects related to the need for
restoration (current condition of the river: higher score = greater need)
and separately the evaluation results of the aspects related to the possibil-
ities of restoration (limiting factors: higher score = better implementation
possibilities) per subgoal.

To determine the restoration potential of the given section, the need
and the possibilities of restoration were compared (Table 2). Based on the
results of the separate evaluation of the necessity and the possibility,it can
be seen which makes the restoration potential of the given section worse,
so the two partial results and the final result can be interpreted together.

Table 2
Determining restoration potential based on the need and possibility of restoration

. . Possibility of restoration
Specification - -
high medium small
high 5 4 3
Need of restoration medium 4 3 2
small 3 2 1

During the evaluation, we considered the need for restoration to be
greater, the more the given section is in a modified/unfavourable condi-
tion. On the other hand, we considered restoration possibilities to be bet-
ter, the fewer the limiting factors. During the restoration potential deter-
mination, the sections with the most modification or worse condition and
the fewest limiting factors became those with the best restoration poten-
tial. On the other hand, the less modified sections with many limiting fac-
tors were the ones with the worst restoration potential.

Segmentation methods

Sections with similar characteristics. During the evaluation,
pre-delineated sections (including the river bed, river bank, and flood-
plain) were evaluated in accordance with the recommendation of the
CEN 14614:2020 standard. The floodplain sections were delineated in con-
nection with the river sections, which in some cases were further divided
due to the different land uses along the floodplain. In the case of the method,
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the purpose of segmentation is to determine river and floodplain sections
with similar properties, even before more detailed investigations, based
mainly on aspects that can be clearly delineated from maps and databases.
In the present research, sections were delineated, taking into account the
following aspects:

— location (urban/rural),

— main land use next to the active floodplain (forest/grassland/agri-
cultural area/horticultural area/residential areal/holiday-weekend house
arealindustrial area/mixed area — last four together built-up areas),

— width of the active floodplain (narrow/medium or variable/wide),

— presence of significant cut-off meander and

— presence of artificial structures.

The location (rural/urban area) and the land use characteristics of the
areas adjacent to the floodplain have an impact on, among other things,
the loads on the river section, the natural condition, and the use of the
section. The main land use was determined based on settlement plans and
satellite images. The width of the floodplain has a fundamental effect on
restoration options, and major cut-off meanders indicate sections affected
by previous significant river regulations. Based on these, seven river sec-
tions in the Szolnok study area were delineated. During the evaluation,
the floodplains on the right and left banks were treated separately.

By delineating the sections with similar characteristics, seven sections
were defined in the examined river reach (Figure 2). The first three sec-
tions are all rural areas outside the city and have a wide active floodplain.
Along Sections 1 and 2, there are forest and agricultural areas. Meander
cutting took place in the case of Section 2, where a cut-off meander called
‘Holt-Zagyva’ is located. On the eastern side of Section 3, there are areas
with holiday houses. On the western side of Section 4 lie built-up areas,
where mainly residential and industrial areas are located. This section
typically has a wide (>300 m) active floodplain. Sections 5 and 6 cross the
built-up areas of the city and have a medium-width (100—-300 m) active
floodplain. Along Section 5, mainly residential areas are typical, and along
Section 6, there are both residential and mixed areas adjacent to the flood-
plain. Section 7 is located at the mouth of the Zagyva, which crosses the
city centre. The floodplain is narrow here (<100 m width), and mixed land
use is typical along the floodplain.

Sections with the same length of 100 m. According to the second
method, the examined river reach was divided into equal sections of 100 m
in length. The method’s purpose is to reveal the differences in the area of
the river and floodplain during the evaluation with sections of the same
length instead of preliminary delimitation based on characteristics. For
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this purpose, the centerline of the river was uniformly divided into sec-
tions of 100 m in length. We defined the floodplain sections in connection
with river sections of the same length. Due to the meandering nature of
the river, the resulting floodplain sections cannot form completely uni-
form, parallel boundaries. Because of this and due to changes in the width
of the floodplain, their territorial extent is not the same. In the Szolnok
study area, 75 sections of 100 m were demarcated (Figure 2).

— river Zagyva
D border of Hungary
I:l border of the catchment area
® study area
Szolnok

|:| border of urban areas
@ artificial structures

Main land use next to the
floodplain:

1 forests, agricultural areas |

2 - forests, agricultural areas, |
holiday house areas i

3 — forests, residential areas

4 — grasslands, industrial areas

5 — residential areas i

6 — mixed areas

7 — mixed areas

Fig. 2. River sections with similar characteristics, delineated before assessment (a)
and 100 m long river sections (b) in the Szolnok study area

Results

During the research, we determined the restoration potential for the
following restoration sub-goals: (1) improving the longitudinal connectiv-
ity where artificial structures limit fish migration, (2) improving the eco-
logical and hydromorphological condition of the active channel, (3) achiev-
ing a more natural channel planform, (4) improving the naturalness of
floodplain vegetation, and (5) improving water quality. Figure 3 shows the
results of the two types of segmentation methods for sub-goals 1 and 2;
Figure 4 shows the results for sub-goals 3 and 4; and figure 5 shows the
results for sub-objective 5.
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results of sub-goal 1 — Improving the longitudinal connectivity where artificial structures limit fish migration sections with similar characteristics
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results of sub-goal 5 — improving the water quality sections with similar characteristics
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In the case of sub-goal 1 - improving the longitudinal connectiv-
ity where artificial structures limit fish migration — based on the
evaluation results of sections with similar properties, it can be seen that
Sections 3 and 5 have good restoration potential. These sections are
affected by the presence of artificial structures at their downstream bound-
aries. Based on the results, achieving the sub-goal is a realistic goal for all
artificial structures located on the river reach. The reason for this is that
each of the artificial structures present only provides connectivity periodi-
cally, and they could all be rebuilt with a more natural solution. In addi-
tion, it is possible in the case of artificial structures created to reduce chan-
nel slope, e.g. to make the river bed pattern more meandering, as a signif-
icant limiting factor does not affect the given floodplain sections. A limit-
ing factor is mainly the width of the floodplain potentially suitable for the
movement of the river in section 7, but this is not affected by the presence
of an artificial structure.
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In the evaluation results of the 100 m sections, the location of the sec-
tions affected by the artificial structures (sections 50 and 63) is shown
more precisely due to the shortness of the evaluated sections. Based on the
results, it can be seen that in the neighbourhood of the sections affected by
the artificial structures, there are always sections on at least one side of
the river that have a floodplain of adequate width so that they can be
included in the restoration.

In the case of sub-goal 2 — improving the ecological and hydro-
morphological condition of the active channel — based on the evalu-
ation results of the sections with similar properties, the urban and adja-
cent sections 3, 4 and 5 have a high restoration potential. The need to
achieve the sub-goal in these sections arises mainly due to the lack of
woody vegetation along the bank, the unfavourable ratio of the bed being
covered with aquatic vegetation, and the lack of special morphological ele-
ments in the riverbed. In the 7t section, it would be necessary to improve
the condition of the small water bed (a trapezoidal bed and an unfavour-
able bank slope are typical), but the condition of the estuary section is
strongly influenced by the Tisza floods. The section is characterized by
sedimentation. The main possible interventions on the sections with high
restoration potential affect the riverbed and the river bank, so they do not
involve areas of the floodplain. Such e.g. increasing the variety of bed
depth and width; placement of the bank reinforcement “backwards”,
thereby providing more space for the river; increasing the variety of flow
dynamics, and placing elements in the river bed that match the type of
river (e.g. dead wood); restoring the near-natural shape of the riverbed
and bank or planting woody vegetation along the river.

During the evaluation of the 100 m long sections, sections 51-63,
which have high rehabilitation potential based on the results, are simi-
larly visible. In addition, among sections 65—71, it can also be a realistic
goal to improve the ecological and hydromorphological condition of the
small water bed and bank, as they have a high restoration potential.

In the case of sub-goal 3 — achieving a more natural channel
planform — based on the evaluation results of the sections with similar
properties, based on the results of section 2, which is affected by the pres-
ence of the cut-off meander called ‘Holt-Zagyva’, has significant restoration
potential, as this is where the biggest changes took place during the regu-
lation, in addition, the potential for restoration is high thanks to a wide
floodplain. Section 1 also has great potential for restoration since the
alignment of the bed has been changed here as well (although only within
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the area of the floodplain), and it also has a few limiting factors. The posi-
tion of the river bed was also changed in section 7, where the mouth was
once located on the eastern side of the Szolnok castle. However, the possi-
bility of restoration in this section is small, mainly due to the narrow flood-
plain, so the restoration potential is small.

Based on the evaluation results of the 100 m long sections, the 30—40
sections affected by the ‘Holt-Zagyva’ cut-off also have significant resto-
ration potential. In the case of the preceding sections, there is a visible
difference in the results. Here, sections 21-29, in which the alignment of
the bed changed within the area of the floodplain, can be seen more pre-
cisely. The possibility of restoration is typically high in these sections as
well, so their restoration potential is also high.

In the case of the sub-goal 4 — improving the naturalness of flood-
plain vegetation — based on the results of the sections with similar char-
acteristics, the restoration potential is significant in the left floodplain of
sections 3 and 4. The main reasons are that there is a high level of invasive
species coverage, there are typically no limiting factors in the area, and
there are areas of nature conservation importance, which makes imple-
menting the sub-goal even more important. In addition, the restoration
potential for the realization of the sub-goal is also high on the 214 section
and the left floodplain of the 5th section. In the 15t section, the vegetation is
semi-natural, which means that the need for restoration and the restoration
potential is only moderate. In the urban sections, the restoration potential is
low or moderate due to limiting factors (e.g. narrow floodplain, the presence
of areas of environmental or heritage protection importance). From the point
of view of recreation and aesthetic value, the improvement of vegetation on
the floodplain may also be important in these urban sections, but these will
be evaluated as a separate restoration sub-goal in the later phase of the
research.

This result can also be seen by evaluating the 100 m sections. Sections
47-54 have significant restoration potential due to the reasons described
above. The restoration potential is typically high in the 25-63. Sections, at
least on one side of the floodplain, since the need for restoration on these
sections is moderate (e.g. lack of woody vegetation on the river bank, lateral
vegetation zonation is not close to nature, presence of plantation forests),
and the possibility of rehabilitation is high (floodplain width is adequate).

From the point of view of sub-goal 5 — improving the water
quality — the restoration potential is high in sections 3, 4 and 5. In the
case of section 5, there is a better opportunity for the application of resto-
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ration solutions on the left side of the floodplain. The need for restoration
in these sections is moderate due to the water quality characteristics and
lack of woody vegetation/wetlands near the river that would have a buffer
capacity. The water quality in the entire river reach is unfavourable.
The other urban sections are also characterized by the lack of buffer vege-
tation on the riverbank. However, due to the limiting factors (e.g. narrow
floodplain, the presence of areas of environmental or heritage protection
importance) in these sections, it may be more difficult to create vegetation
of significant impact.

Based on the evaluation results of the 100 m sections, there are also
some sections (1-7 and 37-39) in the rural areas that are in great need of
restoration, mainly due to the lack of woody vegetation or wetlands capa-
ble of buffering on the river bank. In accordance with the evaluation of
sections with similar characteristics, on sections 71-75, the possibility of
restoration is small (narrow floodplain, the naturalness of the channel
form is not suitable). Therefore, the restoration potential is also small.

Discussion

Based on the results of the study area evaluations, the method of sec-
tions with similar characteristics can be used well in case of aspects that
characterize the occurrence frequency of point-like elements (such as the
occurrence of special morphological elements in the riverbed or protected
species). By evaluating longer sections, sections with a different frequency
of occurrence are more clearly defined. When applying the method, it is
particularly important to properly define the section boundaries because if
the properties of some aspects do not change at the boundary of the pre-de-
lineated sections, then certain information loss must be expected. There-
fore, it is important that the criteria selected for preliminary delimitation
enable the appropriate delimitation of the sections, i.e. the most signifi-
cant properties are taken into account (or it is also possible to delimit the
section boundaries after the examination has been carried out, but this
may cause difficulties during the examination and evaluation of a large
number of criteria).

The difficulty of applying the method of the same 100 m long sections
based on the results of the study area evaluations is that the frequency of
occurrence of point-like elements can be evaluated less well with it. The
more precise location of their occurrence can be clearly detected by evalu-
ating short sections, but the sections with a similar frequency of occur-
rence can be defined only by analyzing the pattern of the sections. Suppose
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we apply many evaluation aspects during the evaluation (and during the
preliminary delimitation we would not be able to take them all into account
- with the same weight), then by evaluating sections of appropriate length,
even in the case of less significant aspects. In that case, local differences
can be better distinguished since within longer sections, there is a greater
chance that several characteristics are typical for some aspects in the
same section (e.g. how the vegetation cover of the riverbed changes), so
some local differences can be less distinct.

In order to choose the segmentation method used in evaluating a river
reach, it is necessary to define the purpose of the given assessment and at
what scale we want to explore the characteristics of the given river section.
By evaluating longer sections with similar characteristics, the results may
become homogenized if inappropriate section boundaries are chosen; or in
the case of using a large number of evaluation criteria, when not all of
them can be taken into account for the preliminary delimitation so that
some local characteristics may disappear in the evaluation.

The application of pre-delineated sections works well when preparing
for homogeneous sections, or the effect of point-like elements can also be
properly evaluated on the entire section (e.g. by introducing an index).
However, if the evaluated sections are too short, it can be difficult to inter-
pret the results and their applicability in certain cases (e.g. in the case of
the frequency of appearance of point-like elements). In addition, section
boundaries that do not adapt to local conditions, but are delineated
mechanically, do not adapt to changes in the properties of the aspects.
Therefore it is important to create indexes during the evaluation in order
to more accurately show the appearance rate of each characteristic.

If, among the aspects to be evaluated, it can be well determined in
advance which ones influence the main properties of the river, and thus
homogeneous sections can be delineated for the majority of the aspects to
be evaluated, then clearer results can be obtained by applying this method.
Suppose we have a large number of aspects to be evaluated during the
evaluation, and due to their differences, it is impossible to create homoge-
neous sections by prior delimitation. In that case, the evaluation of shorter,
same-length sections can also be used, but it is important to choose the
appropriate length of the sections.

During the research, field surveys played an important role in most of
the evaluated aspects. Pre-delineated sections with similar characteristics
can also be used with less precise surveys. In contrast, in the case of eval-
uating shorter sections of the same length, it is important to assess the
exact territorial location of the given properties. Also, based on the guid-
ance standard CEN 14614:2020, the level of detail depends on the purpose
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but emphasizes the importance of consistent internal properties for pre-de-
lineated sections. The pre-delineated sections with similar characteristics
can therefore be well used for the conceptual delineation of the most
important restoration sub-goals and their main target areas in the river
reach. Shorter sections with the same length can play a role in establish-
ing a more detailed concept.

In small areas, on shorter river reaches, such as in urban areas, the
method of short sections with the same length can also be used, as long as
the river reach is easily accessible. On a large scale of investigation or if
the river reach cannot be easily accessed, which means that surveys can-
not be carried out along the entire length of the river reach, it is better to
delimit sections with similar characteristics. In this case, it is possible to
select smaller, representative locations where the characteristics of the
given aspect can be assessed, and the result can be extrapolated to longer
sections.

Conclusions

During the research, we evaluated the restoration potential of an
urban river reach of Zagyva in the city of Szolnok by comparing two types
of river segmentation methods. We obtained this by evaluating the need
and possibility of restoration for the following restoration sub-goals
: (1) improving the longitudinal connectivity where artificial structures
limit fish migration, (2) improving the ecological and hydromorphological
condition of the active channel, (3) achieving a more natural channel plan-
form, (4) improving the naturalness of floodplain vegetation, and
(5) improving water quality. One of the segmentation methods was done
by delimiting sections with similar characteristics, and the other by eval-
uating river sections with the same length of 100 m. Based on the results,
the main differences in the river reach in the case of the evaluated sub-
goals emerged with both segmentation methods. In the case of a section
with similar characteristics, it is very important to choose the appropriate
section boundaries. In the case of shorter, 100 m long sections, the territo-
rial extent of the effects of point-like elements (for example occurrence of
special morphological elements in the riverbed or protected species, which
were located at a given point of the area) should be taken into account.
Regarding the examined sub-goals, we determined which river sections
have a high restoration potential within the Zagyva river reach of Szolnok,
thereby defining which river sections and which restoration sub-goals are
more important to achieve.



Comparison of Two River Segmentation Methods in Determining Their... 515

The method is suitable for evaluating and spatially comparing the
need and possibilities of restoration before planning the restoration of
urban river reaches. The method helps in the territorial delineation of
restoration sub-goals, but further, more detailed analyses are necessary to
plan precise interventions. The criteria system of the method can be used
on other rivers, even in other countries. Still, the assessment should take
into account the reference characteristics/target condition of the given
river reach, which may differ. As a continuation of the research, the resto-
ration sub-goals included in the assessment can be expanded, such as
improving recreational opportunities or improving urban landscape aes-
thetic value. As a further continuation, it is possible to experiment with
a method where the entire study area is divided by raster, thus resulting
in a mosaic area unit assessment. After the evaluations in the study areas,
country-scale analyzes are planned as a continuation of the research, with
the aim of exploring the possibilities of a national analysis of the resto-
ration potential based on the country-scale available databases.
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