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ABSTRACT 
 
Anthropogenic stressors have altered the hydromorphological characteristics of many rivers worldwide, including 
those in the European Alps. Environmental guiding principles are essential for the planning of sustainable river 
restoration measures. The goal of this study is to elaborate such guidelines and to support process understanding. 
The alpine river Biya, located in the Russian Altai mountains, represents a least disturbed hydromorphological 
reference system. The present work aims to analyze planform hydromorphological patterns for selected reaches 
along the Biya based on topographic maps and satellite data. These parameters will be set in relation with changes 
in slope and interactions with the surrounding floodplain area. The obtained characteristics will be discussed 
alongside historical topography maps of selected segments of comparable alpine rivers in Europe in order to 
demonstrate that the dataset from the Biya can be used as an assisting tool in the planning process of restoration 
measures in the European Alps. 
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1 INTRODUCTION 

Throughout the history of human societies, the exploitation of natural resources has been a basis for increasing 
wealth and rising standards of living. River systems have undergone a particularly strong process of 
degradation, resulting from river straightening and other regulation measures. Over the past decades, there has 
been growing demand to reorganize anthropogenic use of watercourses and the surrounding floodplains, in 
order to improve ecological functionality (Muhar, 2000; Muhar, 1996). Efficient river restoration approaches are 
needed to meet both ecological goals and legal requirements like the EU Water Framework Directive (WFD, 
2000/60/EC). For this purpose, it is vital to have a predefined restoration goal in mind. This is usually expressed 
by a so-called reference condition, which represents the state a river would have without anthropogenic 
disturbances. Due to the lack of rivers that have remained free from anthropogenic impacts in the Alps (Comiti, 
2012), reference sites must be found elsewhere. This approach follows the premise, that reference sites at 
currently undisturbed rivers are preferable to historically reconstructed reference conditions (Wyżga et al., 
2012). A river basin (including its ‘reference situation’) should not be understood as something static: A wide 
range of influencing factors makes changes over time unavoidable (Newson and Large, 2006). The goal is not 
to recreate a past situation, but to reach a self-sustaining status under the given circumstances, instead of 
recreating a past situation that may no longer be supported by current environmental conditions. This ideally 
requires little management interventions while retaining a desirable status. The mountain river Biya, located in 
the Russian Altai region, is regarded as one such undisturbed example. It has been researched regarding 
hydrological properties (Chalov and Ermakova, 2011) as well as its geological origins (Baryshnikov et al., 2016). 
Together with the Katun (Seidl, 2020), the Biya is one of the two headstreams of the river Ob. It shares its history 
of past glaciation with European alpine rivers (Baryshnikov et al., 2016), which suggests a certain degree of 
comparability. 

The underlying hypothesis of this first part of the study is, that the river Biya is (over a wide range) free from 
anthropogenic disturbances and exhibits a natural succession of hydromorphological patterns. This leads to the 
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assumption that the hydromorphological characteristics observed at selected sub-stretches of the Biya can be 
used to describe reference sites. It is further assumed that the hydromorphological characteristics of the Biya 
are comparable to those found at alpine rivers in Europe with similar topographic conditions. This makes the 
reference sites described at the Biya applicable for river restoration planning in the Alpine region. 

 
2 METHODS 

The 301 km of the river Biya will be divided into morphological sub-stretches, which will be the basis for this 
hydromorphological study. The required data will consist mainly of satellite imagery and topographic maps, 
which will be processed using Geographic Information Systems (GIS software). Sinuosity will be assessed 
based on the definitions provided by Mueller (1968). Channel width will be determined for cross sections along 
the river. Additionally, the longitudinal gradient of grain size distributions is assessed based on the random 
Wolman (1954) pebble count method using data from sampling sites on the riverbanks between the river’s 
source and its confluence with the Katun. The aim is to make qualitative statements about the changes along 
the river. Research suggests that channel sinuosity is tightly linked to variations in channel width (Ferrer-Bolx 
et al., 2016; Luchi et al., 2010). There is also a close connection between topographic parameters, especially 
slope and channel geometry (Belmont, 2011; Pitlick and Cress, 2002). For these reasons, channel planform 
parameters will be related to changes in slope along the river course. A catalogue of hydromorphological 
characteristics will be established for the Biya. This systematic compilation of hydromorphological parameters 
will ideally serve as ecological guiding principle for river restauration planning in the European Alps. 

 
3 OUTLOOK 

The initial focus of the study lies on establishing a descriptive inventory of morphological parameters along the 
Biya. This represents the starting point of a longer analysis that will go more into detail: 

 Interactions between the main channel and the surrounding floodplains are of integral ecological 
importance and will consequently be modeled by applying a 1-D model (HEC-RAS). 

 The proposed study will eventually provide an example of the application of the proposed guiding 
principles for an anthropogenically impacted Alpine river in Europe. 
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