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SUMMARY

Examples of using the results of hydromorphological assessment to determine priority
measures for the restoration of rivers that have undergone significant anthropogenic impact
have been analyzed. The hydromorphological index of river changes (HIRC) has been
developed and presented, which is based on the use of hydromorphological monitoring data
according to the methodology approved in Ukraine. The proposed index takes into account
the prolonged and atypical nature of anthropogenic impact on the hydromorphological state
of the survey areas. The HIRC has been calculated for 8 survey areas on surface water bodies
within the Irpin River basin, where a change in hydromorphological indicators was noted as a
result of military impact and subsequent restoration of bridges and hydraulic structures.
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Introduction

The change in the state of aquatic ecosystems of rivers is often associated with a change in their
hydromorphological indicators, therefore, when restoring (revitalizing) water bodies, it is imperative
to take into account the data of morphological studies. The implementation of river basin management
plans adopted in Ukraine is aimed at implementing measures to improve (restore) the hydrological
regime and morphological indicators in the presence of violations of the free flow of rivers, hydraulic
connectivity between the channel and the floodplain, and modification of river morphology. However,
at the same time, methodological recommendations for river restoration, the draft of which was
developed in 2022, have not yet been approved (Methodological.., 2022).

It is important to emphasize that the implementation of the first river basin management plans in the
countries of the European Union showed a lack of information on hydromorphological assessment
and assessment of loads on aquatic ecosystems (Kampa, Bussettini, 2018). As already noted in the
articles (Ivanova, Dubniak, Nezbrytska et al., 2024), most countries have now decided on a
monitoring system and are developing a database, and research has focused on comparing different
methodologies (Wiatkowski, Tomczyk, 2018) and developing new indicators and assessment indices
(Stanca et al., 2023, Miiller et al., 2022). In Ukraine, it is relevant to conduct hydromorphological
monitoring and accumulate data on the hydromorphological state of surface water bodies of the
“river” category, for which research protocols have been developed (Vasylenko et al.,2022). But this
also applies to small rivers that are not included in the monitoring system, but are important from a
hydrological and water management point of view.

Today, in Ukraine, the issue of river restoration is also relevant due to the direct and indirect impact
of military operations (Ivanova, Dubniak, Nezbrytska et al., 2024, Ivanova, Dubniak, Zorina-
Saharova et al., 2024). The stability of the ecosystem and the forecast of its reaction to the impact can
also be determined by changes in the hydromorphological state. For this purpose, the work (Ivanova,
Dubniak, Nezbrytska et al., 2024) proposed to use the change in the overall score of the
hydromorphological state in the surveyed areas that were affected. However, we believe that the
analysis of morphological changes can be significantly expanded and used both for assessing the
current state and for determining priority measures for the restoration of the entire river or a separate
section. Therefore, the purpose of this study is to present the hydromorphological index of river
changes (HIRC) developed by the author using hydromorphological monitoring data according to the
methodology approved in Ukraine

Method and Theory

The study is based on data from the hydromorphological assessment of surface water bodies (sWB) in
the Irpin River basin, which was conducted during 2023-2024. Its main results are presented in the
works (Ivanova, Dubniak, Nezbrytska et al., 2024, Ivanova, Dubniak, Zorina-Saharova et al., 2024).
To assess the hydromorphological state of rivers, a methodology approved in Ukraine was used,
which was developed in particular using the European standard (CEN 2010). For the category
“rivers”, hydromorphological indicators include the following quality elements: hydrological regime,
river continuity and morphological conditions (Vasylenko et al.,2022). According to the methodology,
rivers are assessed according to 6 main blocks and 10 categories, calculating either a total score or a
“three-digit code”. In any case, for each category, from 1 to 3 indicators are set (a total of 16,
indicated by letters near the category number, see the list in the work (Ivanova, Dubniak, Nezbrytska
et al., 2024), which are evaluated quantitatively or qualitatively according to the group of points A (1—
5 points) or B (1, 3, 5 points) on individual survey areas and survey sections, which are allocated
depending on the width of the river bed.
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The total score for the survey area was determined according to methodological recommendations for
indicators from blocks II-IV as the average of 5 values, from blocks V-VI - from 10 values, since they
are calculated separately for the left and right banks. The classes of hydromorphological state were
determined by the average score of the survey area. We consider it appropriate in scientific studies to
indicate the calculated average score to hundredths, which will help to assess the potential for
improvement or deterioration of the class of hydromorphological state of the of the sWB “river”
category.

Examples

Studies on the use of hydromorphological assessment results for the restoration of watercourses are
quite rare. Most likely, this is due to the fact that hydromorphological monitoring is not carried out
every year (mostly once every 6 years). At the same time, in Ukraine it is not carried out on sWBs
that are recognized as candidates for significantly modified, as well as on small rivers up to 12 km
long that are not included in the official monitoring database of surface water bodies. However, we
emphasize that hydromorphological studies of significantly modified water bodies are extremely
important in view of their possible revitalization. This opinion is also shared by the authors of the
study (Miiller et al., 2022), who used the adapted European MQI methodology to identify the most
stressful loads acting in the Nanxi River Basin (China). The results presented in the study support the
use of MQI, and the parameter set to identify the most stressing pressures acting upon the Nanxi river
basin and suggest that restoration planning should include measures targeted at improving river
continuity (either due to small or large dams or due to crossing structures that reduce river space) and
establish natural river vegetation (Miiller et al., 2022).

In another study conducted in Romania, it was noted that no significant progress has been made in
Romania for managed rivers with old facilities, one reason being the impossibility of differentiating
facilities by a score obtained with the current methodology. In order to propose new works and
operating restrictions that are not cost-prohibitive but have positive environmental effects, a linear
score within the ecological status classes are required (Stanca et al., 2023)

In a study commissioned by WWF in 2024 in Ukraine (Goch, 2024) also confirmed the need to
conduct hydromorphological studies before and after the dismantling of dams that impeded the flow
of the river. In particular, one of the conclusions was the need for an extraordinary
hydromorphological assessment of areas and rivers where revitalization measures were taken, in
particular, the dismantling of the dam.

Results

As part of the study, a hydromorphological assessment was conducted of 21 survey sites (105
segments) within the Irpin River basin, which included both natural and significantly modified surface
water bodies ((Ivanova, Dubniak, Nezbrytska et al., 2024). As a result of the comparison, the change
in the total hydromorphological score was calculated for 6 sites of the Irpin River, as well as 1 site on
the Bucha River and 1 site on the Gorenka River. From 1 to 15 indicators changed at each site. The
changes were both negative (increase in the total score) and positive (decrease in the total score), but
the change mainly occurred within the class. Only on the Irpin River near the village of Chervone did
the hydromorphological class change from III to II due to the destruction of the lock and the relative
restoration of floodplain vegetation, and in the estuary part the greatest impact was established with
the transition of the site from II to IV class.

The greatest change in indicators was caused by the disruption of bridge crossings and hydraulic
structures due to the direct impact of hostilities, as well as work on their restoration due to a
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temporary change in the state of, in particular, the coastal zone. The mouth of the Irpin River and its
floodplain, which has remained flooded for more than 2 years, were also most affected.

During the study, it turned out that it is impossible to take into account the prolonged change in
morphological indicators, and therefore to assess the impact of changes in the hydromorphological
state on indicators of vital activity and diversity of aquatic organisms and, for example, plant cover.
Also, due to significant anthropogenic changes in landscapes within the catchment and the actual
transformation of a significant part of the river. Irpin to the main canal (Ivanova, Dubniak, Zorina-
Saharova et al., 2024) it was difficult to assess the atypicality of the level of impact - for example, due
to military actions, explosion craters appeared within the floodplain, which were not there before, and
the passage of military equipment has the same physical impact on the floodplain soils as, for
example, the passage of civilian vehicles. Therefore, to assess the actual changes in the morphological
indicators of rivers, it is proposed to use the developed hydrological index of river changes (HIRC),
which varies in the range from -7.5 to 14 and can be represented as follows:

ne . (Kind+a)+e"
HIRC ZE*EI{E*LS*EP*%, (1)
n.— number of indicators that have changed,
N., — total number of indicators that have been evaluated (maximum 16),
K. — takes into account the number of zones that have undergone changes,
i — zone ratio index,
p — probability of additional typical or atypical (chemical and/or physical nature) anthropogenic
impact,
Kinq — class for the indicator (not the overall score),
+ A — change in the indicator score,
T - prolongation coefficient, which changes accordingly for the duration of the impact of 1 year, 2
years, more than 6 years and more than 20 years.

Using the example of the studied Irpin river basin, the HIRC value was calculated as of September
2024 - the index value ranged from -0.04 (very weak positive impact on ecosystem stability) to 6.05
(very strong negative impact, causing a significant change in the ecosystem). The value of the
relationship between the index and the change in the total score of the site was also determined
(r=0.98). At the same time, there is no reliable relationship between HIRC and the specified class of
hydromorphological condition (Fig. 1)
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Figure 1 Relationship between HIRC index and change in overall hydromorphological status score of
the survey area (left) and hydromorphological status class (right).

XVIII International Scientific Conference “Monitoring of Geological Processes
and Ecological Condition of the Environment”

14-17 April 2025, Kyiv, Ukraine




EAGE

Conclusions

To assess changes in the hydromorphological state of river sections that are subject to atypical
impacts (e.g., as a result of military operations), it is proposed to use the developed hydrological index
of river change (HIRC). For the studied sections within the Irpin River, the index value ranged from -
0.04 to 6.05.

It is also interesting to calculate HIRC in the future for rivers in other basins within Ukraine, as well
as to find relationships between changes in morphological state and biotic component. However, this
requires comprehensive studies and availability of data on the state of ecosystems before the impact.
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