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ABSZTRAKT
A vérosi folydszakaszok a telepiilési zoldfeliileti rend-
szer fontos részét képezik, azonban jellemzéen rosszabb
allapotuak, mint a vidéki folyoszakaszok, rehabilitaci-
ojuk ezért fontos feladat. Jelen tanulmany célja a hazai
kis folydk varosi szakaszain a rehabilitacios potencial
meghatadrozasa a rehabilitacios feladatok megvaldsitasa-
nak elGsegitésére. Pontozassal értékeltiik a rehabilitacié
szilikségességét és lehet6ségét harom rehabilitacios célra
vonatkozdan: ® vizmindség javitasa, ® dkoldgiai és hid-
romorfoldgiai adottsagok javitasa, ® rekreacids és tajképi
adottsagok javitasa. A rehabilitacio sziikségességének és
lehet6ségének dsszevetésével kaptuk meg a vizsgalt folyo-
szakaszok rehabilitacids potencidljat. Az eredmények
alapjan feltartuk a vizsgalt foly6szakaszok legf6bb prob-
lémait, amelyek a rehabilitacio sziitkségességére reflek-
talnak. Vizmin6ségi szempontbdl tobb esetben problémat
okoznak a pontszerl szennyez6 forrasok és a folyomeder-
hez kézeli mezégazdasagi teriiletek. Okolégiai és hidro-
morfolégiai adottsagok esetében kedvez6tlen allapothoz
jarul hozza a hullamtéri fas vegetacio hidnya, a meder
modositottsaga, valamint a partbiztositassal rendelkez6
szakaszok nagy aranya. Rekreacids és tajképi adottsagok

szempontjabol a rehabilitacid sziikkségességét noveli, ha a
foly6 a beltertilet kozponti elemét képezi, azonban rekrea-
cios funkciokkal jelenleg csak kis mértékben rendelkezik.
A rehabilitacio lehet6ségeit legtobb esetben a hullamtér
szélessége befolyasolja, mivel ez korlatozhatja a nagyobb
tertiletigény(i beavatkozasok megvaldsitasat. Az eredmé-
nyek alapjan vannak telepiilések, amelyek tobb rehabilita-
cios cél szempontjabdl is j6 rehabilitacios potenciallal ren-
delkeznek, igy ezeken a telepiiléseken az dsszetett célo-
kat kit{iz6 rehabilitaciok megvaldsitdséra is jo adottsagok
vannak. Ilyen példaul Nagyecsed, Hatvan, Jaszberény és
Szolnok telepiilése. A kialakitott mddszer segitségével
feltarhatodk a vizsgalt telepiilések kozotti f6 kiillonbségek
és priorizalhatdk az egyes rehabilitacids célok, amelyek
el6segithetik a rehabilitacios feladatok tervezését és el6-
készitését.

Kulesszavak: vizfolyds, folyd, értékelés, rehabilitdcio
sziikségessége, rehabilitdcid lehetdsége ©
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ABSTRACT
Urban river reaches are important element in green infra-
structure, but they are typically in worse condition than
rural river reaches, so their restoration is an important
task. The purpose of this study was to determine the res-
toration potential of small river reaches in urban envi-
ronments in Hungary. We evaluated the necessity and
possibility of restoration in terms of three restoration
goals: ® improvement of water quality; ® improvement of
ecological and hydromorphological characteristics; and
® improvement of recreational and landscape charac-
teristics. We determined the restoration potential of the
examined river reaches by comparing the need and pos-
sibility of restoration. Based on the results, we revealed
the main problems of the examined rivers, which reflect
the need for restoration. In terms of water quality, the
presence of polluting sources and the effects of agricul-
tural areas along the river were found to cause problems
in several cases. Regarding the ecological and hydromor-
phological characteristics, the lack of woody vegetation
on the floodplain, the modified riverbed, and the large
proportion of sections with bank protection all contribute
to an unfavourable condition. In terms of recreational and
landscape characteristic aspects, the need for restoration
increases if the small river forms a central element of the
urban environment, but currently has few recreational
functions. In most cases, the possibility for restoration is
limited by the width of the floodplain, as this can hinder
the implementation of interventions that require a larger
area. Based on the results, there are settlements with
good restoration potential from the point of view of sev-
eral restoration goals, so these settlements are also suit-
able for implementing restorations with complex goals
(e.g., Nagyecsed, Hatvan, Jaszberény, or Szolnok). Using
the developed method, the main difference between the
examined river reaches can be revealed and the restora-
tion goals can be prioritized, which can sustain the plan-
ning process and preparation of river restorations.

Keywords: watercourse, river, assessment, need for
restoration, possibility of restoration
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INTRODUCTION
Restoring rivers to ensure a more natural condition
appears as a common goal among environmental and con-
servation agencies in most European countries [1]. The
importance of river restoration is emphasized by many
plans and strategies, including the EU Water Framework
Directive [2], the EU Biodiversity Strategy until 2030 [3],
the European Green Deal [4], the second revision of Hun-
gary's river basin management plan (RBMP3) [5] and the
National Landscape Strategy [6]. Urban river reaches are
generally in worse ecological condition than rural river
reaches [7]. The UN Biodiversity Conference held in 2022
[8] formulated a sub-goal about the sustainable increase
of the quality, connectivity, and accessibility of urban
green and blue areas, including the aim of improving peo-
ple's relationship with nature. The proper preparation of
restoration projects, the development of assessment and
evaluation methods for rivers, and the determination of
their restoration potential are becoming more important.

Most research projects about the restoration potential
of rivers aimed to evaluate sections outside of urban areas,
but little research [g-13] used methods that were or can be
applied on urban river reaches. From the Hungarian litera-
ture, publications on the planning principles of landscape
rehabilitation of creeks [14], hydromorphological and
landscape ecological assessment of floodplains [15], or the
improvement of connectivity [16] can be highlighted.

In addition to determining the restoration potential of
rural river reaches, it is also important to place greater
emphasis on the restoration of urban river reaches. The
purpose of this research is to examine how the restora-
tion potential of urban river reaches can be determined
on a national scale, using the example of small riverside
cities in Hungary.

MATERIALS AND METHODS
The research history related to this publication, including
methodological details, was presented in previous pub-
lications [17, 18]. Below, we present the most important
methodological elements from the point of view of the
national level part of the research.
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Figure 1: Settlements that are the subject of research (urban river

reaches — orange dots)

»>Figure 2: Method of determining restoration potential
»>Table 1: Evaluation of the necessity and possibility of restoration
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Subject of the research
The subjects of the nationwide study were small river
reaches in urban environments (towns and cities with
a population of over 5,000 people). Rivers were divided
into three categories by size: large, medium, and small
rivers. Small rivers were part of the research. Of the 28
watercourses, which are listed in the Act CXCVI of 2011
on national assets [19] and in the RBMP3 [5] as rivers, 64%
belong to the analysed small river category. Small rivers
have the following parameters: 50-250km length, 500-
10,000 km? catchment area, and 5-50m®/sec annual aver-
age water flow [20].

The settlements with the chosen criteria along the 18
small rivers were selected with the help of QGis 3.16.6.
software. Based on the administrative settlement area,
329 settlements in Hungary are located along small riv-
ers, of which a total of 39 have a population of over 5,000

people. Of these, 11 are directly linked to the river with
urban river reaches, and these were the subject of the
research (Figure 1).

Delineation of the evaluated

river reaches
We have delineated river reaches with land use like
urban areas or areas with recreational functions on the
floodplain or near the floodplain. We used the CORINE
2018 land cover database [21] but updated based on
Google Earth 2022 satellite images [22] to examine
real land uses. From the CORINE database, we have
selected land use patches typically showing residential,
holiday, recreational, or community functions, as well
as industrial-economic functions. We did not divide
the river reaches of individual settlements into further
sub-sections.
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DETERMINATION OF RESTORATION POTENTIAL

DEFINING RESTORATION SUB-GOALS

NEED FOR
REHABILITATION

EACH SUB-GOAL:

POTENTIAL BY SUB-GOALS

DEVELOPMENT OF THE CRITERIA SYSTEM FOR

POSSIBILITIES OF
REHABILITATION

DETERMINATION OF RESTORATION

Need for restoration

Evaluation criteria Data source Goal
1. water quality (informative environmental rating index) OKIR[23] 1
2. presence and effect of polluting sources RBMP3 [6] 1
3. distance of arable land from the riverbed CORINE [21] 1
k. presence of water quality protection area OTrT [28] 1
5. ecological continuity regarding artificial structures in the channel GDWM [29] 2
b. hydromorphological impact of artificial structures in the channel GDWM [29] 2
7. degree of planform modification GDWM [29], Arcanum [30] 2
8. proportion of river sections affected by bank reinforcement GDWM [29] 2
9. proportion of riparian woody vegetation NOSZTEP [24] 2,3
10. proportion of areas with nature conservation importance TIR[27],N2000 [31] 2
11. proportion of areas affected by human activity NOSZTEP [24] 2,3
12. existing linear recreation infrastructure OpenStreetMap [25] 3
13. proximity and density of attraction factors OpenStreetMap [25] 3
14. intensity of human presence Strava heatmap [26] 3
15. protected areas with regard to landscape visual aspects OTrT[28] 3
16. river's position in the settlement structure CORINE [21], GDWM [29] 3
Possibility of restoration

Evaluation criteria Data source Goal
1. width of the floodplain GDWM [29)/ OTrT [28] 1,23
2. reduction options for the impacts of artificial structures GDWM [29] 2
3. proportion of areas with nature conservation importance TIR[27],N2000 [31] 3

13
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Table 2. Determining restoration potential based on the need and
possihility of restoration

Figure 3: Evaluation results — a) need for restoration, b) possibility
of restoration, c) restoration potential
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Assessment process
In evaluating restoration potential, our goal was to com-
pare the extent of the need and possibility of restoration
in the examined river reaches. Figure 2 shows the evalua-
tion process.

Restoration goals and criteria
system of evaluation

The data sources of the evaluation were databases avail-
able at a national level, which made it possible to work
with the same level of detail, thereby making the evalua-
tion results of the examined settlements mutually com-
parable. The most important databases used (Table 1)
contain data from between 2018 and 2023. Based on the
CORINE database, data from 2018 could be evaluated [21].
The water quality data of OKIR [23] were not available
from 2022 in the vicinity of all investigated settlements,
so in some cases, we also considered data from 2019. The
NOSZTEP database presents 201g land cover data [24],
which were also considered during the evaluation. The
OpenStreetMap [25] and the Strava database [26] contain
regularly updated data. In addition, data were used from
the TIR [27], the zones of the OTrT [28], the RBMP3 [5],
and the data provided by the General Directorate of Water
Management (GDWM) [29].

During the analyses at the national level, three main
goals were designated to evaluate restoration potential:
@ improvement of water quality, ® improvement of ecolog-
ical and hydromorphological characteristics, ® improve-
ment of recreational and landscape characteristics. In the
case of these three goals, the restoration potential of the
given river reaches was evaluated based on a different cri-
teria system, which is summarized in Table 1.

Determining rehabilitation potential
The criteria were evaluated using a scoring method based
on a 5-scale rating. Based on the evaluation results of the
individual criteria, we aggregated the scores separately
to determine the need for and possibility of restoration.
This was followed by calculating the average with the
number of criteria (weighting was done in some cases),
so that both the need for and the possibility of restoration
were given a score on a basis of a 5-scale rating. A higher
score means a greater necessity or possibility of achieving
the restoration goal. During the evaluation, we consid-
ered the need to realize the restoration goal of "improve-
ment of water quality" and "improvement of ecological
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and hydromorphological characteristics" to be greater, the
more unfavourable the given section is. In the case of the
restoration goal "improvement of recreational and land-
scape characteristics", the sections with better properties
but fewer existing recreational opportunities received a
higher score, so a greater need for rehabilitation. We con-
sidered the possibility of achieving the given restoration
goal to be greater, the fewer limiting factors affect the
given river reach. The necessity and possibility of restora-
tion were compared according to Table 2.

RESULTS AND DISCUSSION
In case of the 11 analysed settlements, we separately
evaluated the need and possibility of restoration based
on the available national databases for the three main
objectives defined in advance. The results are summarized
below by goals.

Goal (1) - Improving water quality
Based on the results of the evaluation, the restoration
potential is significant in the case of Jaszberény (the
Zagyva River), and high in the case of the cities Hatvan
(the Zagyva River) and Nagyecsed (the Kraszna River)
(Figure 3 - goal 1). In Jaszberény and Hatvan, the pres-
ence of pollution sources contributes to the great need for
restoration. In the case of all three settlements, there are
also agricultural areas near the river (Figure 4). The pos-
sibility of restoration is high in Jaszberény and medium
in Hatvan and Nagyecsed due to the limited intervention
possibilities on the narrow floodplain (e.g. buffer forest
strips or the creation of wetlands along the river need a
larger area).

In case of the other assessed settlements, the restora-
tion potential is medium, except for Mez6tur (the Horto-
bagy-Beretty6 River), where it is minimal (here, the small
restoration need is combined with limited restoration
opportunities). In case of Si6fok (Si6 Canal) and Szentgot-
thard (the Raba River), the need for restoration is great,
but the narrow floodplain limits the possibilities of inter-
vention.

Goal (2) - Improvement of ecological and
hydromorphological characteristics
Four settlements - Kaposvar (the Kapos River), Nagyecsed,
Szolnok (the Zagyva River), and Zalaegerszeg (the Zala
River) - have great restoration potential in terms of goal 2
(Figure 3 - goal 2). The main reason for this in case of
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Figure 4: Agricultural areas near the river (Hatvan, Zagyva River)
Figure 5: Temporary ecological continuity caused by an artificial structure

in the riverbed (Jdszberény, Zagyva River)

Figure 6: Recreational activities on the floodplain, e.g, fishing and dog

walking (Szolnok, Zagyva River)

Kaposvar and Nagyecsed is the great need for restoration
due to the lack of woody vegetation on the floodplain or
modification of the river’s course, and in Kaposvar there is
also a significant degree of bank protection. In Nagyecsed,
the proportion of areas of nature conservation importance
increases the need for restoration.

In Szolnok and Zalaegerszeg, the need for restoration
is medium. The main reasons are the temporary ecologi-
cal continuity caused by an artificial structure (Figure 5),
the modified planform, the small proportion of woody veg-
etation on the floodplain or the presence of areas affected
by human use (built-up, paved, or agricultural areas) on
the floodplain. The medium need in these settlements is
combined with great restoration possibilities, because of
the wider floodplain and the transformability of the artifi-
cial structures.

Except for Hatvan, the towns and cities all have low
restoration potential, which results from either the
medium restoration needs and low restoration opportuni-
ties, or the low restoration need and medium restoration
opportunities. However, in the case of towns and cit-
ies with medium restoration needs, it is worth checking
whether it is possible to improve the condition of the river
reach through interventions with limited space require-
ments.

Goal (3) - Improvement of

recreational and landscape

characteristics
From the point of view of goal 3, the restoration poten-
tial is high in several cities: Gy6r and Mosonmagyarovar
(along both the Moson-Danube River), Hatvan, Jasz-
berény, Nagyecsed and Szolnok (Figure 3 - goal 3). The
assessed river reaches are central elements of the urban
area in these settlements, so the rivers form an important
part of the settlement's green infrastructure system. In
Szolnok (Figure 6), the high need for restoration is com-
bined with medium restoration opportunities. In Gydr,
Hatvan, Jaszberény, Mosonmagyardévar, and Nagyecsed,
the medium restoration need is combined with good
opportunities, due to the width of the floodplain and the

more limited presence of areas of nature conservation
importance.

In Mez6tur, the need and possibility for restoration
is medium, and thus the restoration potential is also
medium. Here, fewer people make a use of the river neigh-
bourhood. In the case of Kaposvar and Si¢fok (the Sio
Canal), the need for restoration is medium but the possi-
bility of restoration is small, due to the narrow floodplain
and the presence of areas of nature conservation impor-
tance. Based on these, the restoration potential is also
small. Due to the medium need for restoration, it may be
worth further investigating opportunities to improve the
recreational and landscape characteristics which have
limited space requirements.

In Szentgotthard and Zalaegerszeg, the need for resto-
ration is small, which is combined with small restoration
opportunities, therefore the restoration potential is also
small. These examined river reaches are less centrally
located in the settlement, and people do not currently use
riverside areas for sports.

CONCLUSIONS

The results show the settlements with the greatest poten-
tial for the different restoration goals. Settlements with
high restoration potential can be highlighted, for example
in Nagyecsed, Hatvan, or Szolnok, several rehabilitation
goals have high potential. Among the examined goals, the
improvement of water quality may depend on upstream
effects, but certain measures can be taken to reduce local
impacts. In the case of the other two assessed goals, the
restoration possibilities are better at the settlement scale.

In terms of improving water quality, the most common
reason why restoration is necessary is the presence of
polluting sources, so by reducing their effects the condi-
tion of the examined river reaches could be improved. In
terms of ecological and hydromorphological characteris-
tics, one of the main reasons for the unfavourable condi-
tion is the small proportion of woody vegetation on the
floodplain, the modified planform, or the unfavourable
ecological connectivity because of artificial structures on
the reach. The last few aspects are difficult to improve in

4D 69,10-19. (2023)
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many cases due to the narrowed floodplain, but woody
vegetation could be increased in several cases. In terms
of recreational and landscape characteristics, restoration
would be most impactful in those cities where the exam-
ined river section is in the central part of the urban area,
people actively use the areas along the river, and there
are only a few recreational functions in the area.

Few data sources are available on a national scale to
examine the possibilities of restoration or the limiting fac-
tors. Based on the databases that can be used, the main
reason for the limited possibilities in the analysed settle-
ments are the narrowed floodplain. However, in several
cases it is also possible to implement measures with a
small area requirement, so it is important to explore these
intervention options.

During the research, we explored the scope of the data
that is available nationally, so that the restoration poten-
tial of the given river reach can be evaluated with the
same data detail in the case of several settlements. These
contain data from different dates, with different update
intervals, but since they can be suitable for drawing con-
clusions about the restoration potential of rivers (e.g., for
prioritizing restoration goals), this also draws attention
to the importance of updating them at regular intervals.
The results do not provide the same level of detail as if we
were working with data on a study area scale, at the set-
tlement level, but the main conclusions can still be drawn
about the state of the examined river sections and the
importance of the individual restoration goals. However,
for the detailed preparation of river restorations, it is nec-
essary to carry out investigations at a settlement scale,
supplemented by field surveys. In addition, as a continua-
tion of the research, by involving the locals and mapping
their opinion, the developed method can be further speci-
fied and made more objective. ®
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