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ABSTRACT. The southern part of the Western Siberian Lowland is both intensively agriculturally 
used and vulnerable to climate change. Therefore, it is important to understand the hydrological 
processes and to entangle the effects of climate and land use on water balance and water quality. 
Detailed land use mapping and multiple measurement campaigns prior, during and after the snow-
melt have been carried out to observe water quantity and quality on the plot scale and in two 
mesoscale catchments. The snowmelt peak is the most important hydrological event of the year, 
mostly causing a dilution of major ions and inorganic nutrients in river water. The results lead to an 
improved understanding of the snowmelt processes on different scales and show a spatial distribu-
tion of soil water and stream water quality, both important aspects for modelling the current condi-
tions and future impacts of climate- and land use changes. 
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Резюме. Южная часть Западно-Сибирской низменности интенсивно используется в сельском 
хозяйстве и уязвима к изменению климата. Поэтому важно понимать гидрологические про-
цессы и связывать эффекты климата и землепользования на водный баланс и качество воды. 
Для наблюдения за количеством и качеством воды в масштабе участка и в двух водосборах 
среднего масштаба были составлены подробные карты землепользования и выполнено не-
сколько циклов измерений до, во время и после снеготаяния. Пик снеготаяния является са-
мым важным гидрологическим событием года, которое в первую очередь вызывает разбав-
ление концентрации основных ионов и элементов минерального питания в речной воде. Ре-
зультаты обеспечивают лучшее понимание процессов снеготаяния в разных масштабах и 
показывают пространственное распределение качества воды в почве и водотоках, что отно-
сится к важным аспектам для моделирования как нынешних условий, так и будущих воздей-
ствий изменений климата и землепользования. 

 

КEYWORDS: physicochemical water quality, snowmelt, Western Siberian Lowlands, land use 
Ключевые слова: физико-химическое качество воды, снеготаяние, Западно-Сибирская низмен-
ность, землепользование 

INTRODUCTION  
The Western Siberian grain belt is located in the southern part of the Western Siberian lowland, which is 
at the same time a region of global significance regarding carbon storages and biodiversity due to its wet-
lands. Climate and land use change impact water quantity and -quality and can lead to conflicts in the 
distribution of resources between agriculture and environmental protection. It is projected that climate 
change will most likely impact the ecological, economical and social conditions in the Western Siberian 
Lowland [1]. Changes in the amount of precipitation, winter temperatures [2], snow cover [3], discharge 
regime [4] and intensification of droughts [5] are possible, but their impact on the regional water and 
nutrient balances are still unclear. An intensification of agricultural practices in the region, e.g. on exist-
ing arable land, but also through plowing pasture, are likely future scenarios. To be able to depict such 
impacts, current conditions and processes need to be investigated, understood, and modelled. The main 
objective of this study is the analysis and assessment of the regional water- and nutrient balance. There-
fore, discharge and water quality parameters need to be observed in different catchments and scales.  

STUDY AREA 
Field investigations have been carried out on the plot and catchment scales in the Western Siberian Low-
land in the Oblast Tyumen near the cities of Tyumen, Omutinskoe and Ischim (Figure 1). The plot inves-
tigations were carried out east of the city of Tyumen on test areas of the Agricultural University Tyumen 
and in the two mesoscale catchments, Loktinka (334 km²) and Vagai (2,851 km²). The region is located at 
the transition of the West Siberian Taiga, Pre-Taiga and Forest-Steppe ecoregions [7] where a semi-
humid to semi-arid continental climate prevails, with average daily temperatures of -14°C in winter and 
17.5°C in summer. Annual precipitation in the region averages 470 mm [8]. Major landuses are agricul-
ture and pasture with around 50% - 55% as well as forests with 24% to 32% [9]. Major soil types are 
Phaeozems and Luvisol Greyic Sodic soils, which have good physical properties for crop production and 
a high available water capacity. Histosols are present as well as Gleyic Solonetz. The latter are saline soils 
that can be attributed to increasing aridity [10]. Runoff coefficients range between 0.6 to 23.4% with a 
distinct snowmelt peak in April and May [11]. 

METHODS 
The measurement campaigns were carried out in 2013. On the plot scale, three locations (arable land, 
meadow, forest) spaced approximately 300m apart have been equipped with in-situ data loggers from TB 
Conrad. The loggers have been used with combined soil moisture and soil temperature sensors (Delta-T) 
as well as ceramic suction cups (UMS) to collect soil water. Holes have been dug in the still frozen top-
soil and the sensors were sluiced in different transects and depths, ensuring contact to the soil. On the 
catchment scale, automatic water level pressure sensors (Dipper-PT, SEBA Hydrometrie) were installed 
at the catchment outlets to observe streamflow. At the river banks, holes have been cut in the ice of the 
frozen rivers through which the sensors were lowered to the river bed. The sensor cables were protected 
from floating ice and debris by iron pipes which also helped fixing the sensor at the location. Using 
known stage-discharge relationships, discharges could be calculated from the observed water levels which 
were logged in hourly intervals. Spatially distributed water quality samples have been collected at defined 
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points which were selected considering land use, topography and the river network to obtain a representa-
tive distribution of measurements over the catchments (Figure 1). In-situ parameters water temperature, 
oxygen, electrical conductivity and pH were directly measured using the Multimeter 340i (WTW) with 
CellOx 325, TetraCon 325 and SenTix 41 sensors. Water samples from the plot scale, obtained from the 
suction cups, and samples collected from the streamflow were analysed in the laboratory of Tyumen State 
University for the parameters nitrate (NO3N), ammonium (NH4N), total nitrogen (TN), phosphate (PO4P), 
total carbon (TC), dissolved carbon (DC) and suspended matter. 
 

 
 
Figure 1 – Location of the Vagai and Loktinka catchments near the city of Tyumen, including water 
quality sample locations and discharge gauges, background image Open Street Map. 

RESULTS AND DISCUSSION 
Soil moisture on the plot scale has been observed from end of April to beginning of September 2013. 
Differences can be observed between the different land uses, with the driest conditions under arable land 
(Figure 2). Main reasons for that are the selection of exposed and elevated location for agricultural areas 
to increase drainage and to improve soil trafficability after the snowmelt. Figure 2 also shows that even 
intense rainfall events during the summer do not increase soil moisture significantly, which is due to the 
high evaporation pressure and clay contents higher 35 Mass.%. 
Measured mineral and total nitrogen concentrations in the collected soil water on the plot scale showed 
comparably low nitrogen concentrations during snow melt in spring 2013. Increased variability was found 
for measured NO3N with significant influence on total N concentrations (Table 1, first row).  
On the catchment scale, discharges in Loktinka and Vagai were observed and are shown in Figure 2. The 
extensive snowmelt peak is clearly visible, which is followed by a distinct recession period over the re-
maining part of the spring and summer. Even strong rain events during the summer period do not cause a 
change in this receding trend (Figure 2) due to the strong evaporation pressure, available soil storage and 
low hydraulic gradients. This observation is in agreement with results obtained from the plot measure-
ments (Figure 1).  
Water quality components show a distinct difference before and after the snowmelt: All concentrations of 
ammonium, nitrate and phosphate (Table 2) are lower after the snowmelt. This  
is probably due to dilution induced by snowmelt water. Concentrations are generally higher in the Vagai 
than in the Loktinka.  
In-situ measurements at the catchment scale (Loktinka and Vagai) show diverging oxygen concentrations: 
36 % of the samples had a concentration of more than 8 mg O2 L-1, and in further 34 % of the samples, 
more than 6 mg O2 L-1 were measured. Concentrations were low to very low at springs and outlets, as 
well as along the courses of several tributaries. The pH-values were around 8, indicating slightly alkaline 
conditions. Electric conductivity was mostly above 1000 μS cm-1, suggesting that the sum of dissolved 
major ions is very high. These dissolved elements in the rivers of the lowland area are primarily due to 



441 
 

the semi-arid to sub-humid climate conditions, high groundwater levels and mineral-rich soils or alkaline 
bedrock [12]. Due to warming of the soil and the snowmelt in spring, minerals from the soil are dissolved 
and transported to the streams, followed by a respective dilution. In addition, in summer, evaporation is 
higher than precipitation, which leads to an upwards movement of soil water and minerals which can lead 
to naturally occurring mineral-rich soils. On the other hand, anthropogenic influence through untreated 
wastewater influx may be a further possibility. 
 

 
 
Figure 2 – Temporal distribution of soil moisture in 20cm and 40cm depths under three different 
land uses. 

 

 
 
 
Figure 3 – Observed discharges in the Vagai and Loktinka catchments during the snowmelt  
period 2013 

CONCLUSIONS 
The main conclusions of the study are: 
1. Soil moisture and streamflow are mainly governed by snowmelt in spring and both are not significant-

ly impacted by precipitation events during the summer due to the high evaporation pressure and soil 
water storage. 

2. The observations represent an important foundation for modelling studies [13]. 
3. This makes the region vulnerable to salinization especially outside wetlands, i.e. peatlands and flood-

plains. Characteristics of local salinization become visible due to high electric conductivity values in 
streamflow as well as from locally observed reduced plant growth and barren land with a crusty sur-
face. 

4. Reason for elevated nitrogen concentrations on the plot scale (>5 mg N L-1) was the high share of fer-
tilized arable land near the plot trials in contrast to observations on catchment scale with higher pro-
portions of wetlands, grassland, forest. Measured mineral N concentrations in soil water below grass-
land and forest ranged from 0.2-0.4 mg N L-1, which was comparable to observations after snow melt 
on the catchment scale.  
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5. Headwaters of the investigated rivers mainly originate from peatland areas with high soil organic mat-
ter that is often vulnerable to decomposition and mineralization during droughts accompanied by for-
est fires. For this reason, certain amount of dissolved N originates undoubtedly from N dynamics of 
wetlands in general. This was confirmed by observed N concentrations in the headwater of particular 
main tributaries that were higher than or at the same level further downstream. 

Table 1 – Measured water quality components [mg L-1] of seepage water after the snowmelt on the plot 
scale (first row) and in Vagai and Loktinka catchments before and after the snowmelt 2013. 
 

Concentrations in mg L-1 Ammonium Nitrate Phosphate 
Max Mean Max Mean Max Mean 

Plot scale After melt 0.46 0.32 22.9 7.8 0.05 0.03 

 Loktinka Before melt 1.523 1.127 3.512 2.039 0.063 0.028 
After melt 0.897 0.568 1.397 0.326 0.004 0.001 

Vagai Before melt 3.689 2.080 3.984 1.044 0.381 0.074 
After melt 1.638 0.883 0.710 0.273 0.035 0.008 
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ПРЕДИСЛОВИЕ РЕДАКТОРОВ 
 
Уважаемые читатели этой серии книг! 
Мы рады представить первую монографию о ландшафтных исследованиях в Евразии.  
 
Цели и задачи монографии: Современная ситуация с ландшафтами в Евразии является весьма 
сложной. Современный уровень использования ресурсов и ландшафтного развития не является 
устойчивым. Существующие методологии и технологии, предназначенные для понимания, 
контроля и управления ландшафтами, не соответствуют мировым стандартам и задачам XXI века. 
Серия книг данной монографии поможет улучшить эту ситуацию и будет способствовать 
устойчивому развитию ландшафтов в Евразии. Для такой работы требуются надежные данные на 
основе передовых, проверенных на международном уровне и признанных методов. Это 
подразумевает обмен знаниями, передачу и совместное продвижение методов в научном 
сообществе.  
Другой основной целью монографии является обмен знаниями в международном сообществе 
ученых. Языковые барьеры препятствовали широкому обмену новыми идеями и технологиями в 
Евразии. Мы хотим сблизить ученых в области ландшафтных исследований, предоставляя 
ключевую информацию этой монографии на русском и английском языках.  
 
Новизна: Основное содержание монографии охватывает широкий спектр ландшафтных 
исследований. В нее вошли работы более 800 авторов из более, чем 30 стран мира. Они 
представляют подавляющее большинство научных групп в области ландшафтной науки и 
смежных дисциплин по всей Евразии. 
Серия книг предлагает широкий спектр методов измерения, оценки, прогнозирования, 
использования и управления ландшафтами и их составляющими. Представленные здесь методы 
включают лабораторные и полевые методы измерения, методы оценки ресурсов, функциональное 
картирование и оценку рисков, а также методы дистанционного зондирования для мониторинга и 
моделирования больших площадей. Монография содержит методы анализа данных и 
моделирования экосистем, методы биоремедиации почвы и воды, полевой мониторинг почв, 
методы и технологии оптимизации систем землепользования, а также основы и процедуры 
ландшафтного планирования. Монография  дает новое представление о некоторых аспектах 
развития технологических инноваций, о понимании, мониторинге и управлении ландшафтами, а 
также о сельскохозяйственных ландшафтах и проблемах агроэкологии. 
 
Содержание: В серии книг представлено около 400 отдельных коротких глав, представленных в 5 
томах. Названия 5 томов: 
Том I Ландшафты в XXI веке: анализ состояния, основные процессы и концепции исследований 
Том II Изучение и мониторинг процессов в почвах и водных объектах  
Том III Мониторинг и моделирование ландшафтов 
Том IV Оптимизация сельскохозяйственных ландшафтов 
Том V Планирование, управление и реабилитация ландшафтов 
 
Ответственность авторов: Авторы являются создателями и активными популяризаторами новых 
методов и долгосрочных исследований, а также новаторами и квалифицированными учеными. 
Содержание глав приводится в авторской редакции, давая исследователю возможность 
представить собственную точку зрения на различные аспекты своих исследований. Возможные 
расхождения между полученными данными, выводами и утверждениями отдельных авторов 
являются естественными и часто связаны с изучением конкретного ландшафта. Более общие 
выводы не обязательно совпадают с конкретным мнением редакторов. 
Редакторы надеются, что из данной серии книг читатели получат достаточную информацию и 
вдохновение для своей работы. Читатели узнают о несоответствиях и недостатках некоторых 
подходов, при изучении и оценке процессов в сложных экосистемах. Вам, как читателю и 
пользователю, рекомендуется найти свой индивидуальный оптимальный подход к вашей теме и 
ландшафту, делая выводы из прочитанного и действуя творчески.  
В некоторых главах для предоставления конкретной информации используются коммерческие 
названия. Их упоминание не является гарантией качества продукта авторами или редакторами, как 
и не подразумевает одобрение авторов или редакторов аналогичных не названных продуктов. 
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Надеемся, что данная серия книг может внести свой вклад в дело устойчивого использования 
ландшафтов в Евразии. 
Публикация данной монографии представляет собой краткий обзор широкой и разнообразной 
темы. Она также принесет пользу многим авторам, способствуя повышению качества работы по 
их темам, а также начала междисциплинарных и трансдисциплинарных проектов по обеспечению 
устойчивости ландшафта. Серия книг должна служить вехой, предлагая новые инструменты и 
идеи, а также краеугольным камнем прочного научно-исследовательского сотрудничества между 
учеными и институтами Евразии. 
 
Благодарности: Редакторы благодарят всех авторов этой монографии за их работу и участие в 
подготовке монографии; мы с удовольствием редактировали эту серию книг, координируя и 
анализируя концепции и выводы ученых - энтузиастов.  
За спонсорскую помощь в издании пятитомника редакторы выражают искреннюю благодарность  
компании «ЕвроХим», которая много лет сотрудничает с ведущими научно-исследовательскими 
организациями по вопросам регистрации новых продуктов, оценки их эффективности и 
разработке районированных регламентов их применения для увеличения урожайности и качества 
культур с повышением экономической эффективности производства. 
 
От имени редакторов, 
Лотар Мюллер (Мюнхенберг, Германия) и Виктор Г. Сычев (Москва, Россия) 
 
 
 
 
 
 
PREFACE OF THE EDITORS 
 
Dear readers of this book series! 
We are glad to present the first monograph about landscape research in Eurasia.  
 
Objectives and motivation for this monograph: The current situation of landscapes in Eurasia is 
challenging. There are indications that current resource use and landscape development is not sustainable. 
Existing methodologies and technologies to understand, monitor and manage landscapes do not meet 
international standards and challenges of the 21th century. The book series is to help improve this situation 
and initiate sustainable developments in Eurasia. Reliable data based on advanced, internationally proven 
and acknowledged methods are required. This implies the exchange of knowledge and the transfer and 
joint advancement of methods in the scientific community.  
Language barriers have prevented a broad exchange of novel ideas and technologies across Eurasia. 
Another main aim of the monograph is knowledge exchange within the international community of 
scientists. We will bring the Russian speaking and the English speaking scientists of landscape research 
closer together by providing key information of this monograph both in Russian and in English language.  
 
Novelty: The main contents cover a broad range of landscape research. More than 800 authors from more 
than 30 countries of the globe contributed to this monograph. They represent the great majority of leading 
groups and scientific schools in landscape science and related disciplines across Eurasia. The book series 
offers a broad array of methods to measure, assess, forecast, utilise and control landscapes and their 
compartments. Methods presented here include laboratory and field measurement methods, methods of 
resource evaluation, functional mapping and risk assessment, and remote sensing methods for monitoring 
and modelling large areas. It contains methods for data analysis and ecosystem modelling, methods for 
the bioremediation of soil and water and the field monitoring of soils, methods and technologies for 
optimising land use systems, and basics and procedures of landscape planning. It shall provide a new 
view on landscapes with some focus on trends and scientific and technological innovations, on 
understanding, monitoring and managing landscapes, and on agricultural landscapes and problems of 
agro-ecology. 
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Content: The book series has about 400 individual short chapters presented in 5 Volumes. Titles of the 5 
Volumes are: 
Vol. I Landscapes in the 21th  Century: Status Analyses, Basic Processes and Research Concepts 
Vol. II Understanding and Monitoring Processes in Soils and Water Bodies  
Vol. III Landscape Monitoring and Modelling  
Vol. IV Optimising Agricultural Landscapes  
Vol. V Landscape Planning, Management and Rehabilitation  
 
Responsibility of authors and readers: The authors are inventors and activists behind novel methods, 
and long-term research data as well as being innovative and experienced scientists. They are responsible 
for the content of their chapter, are free to point out aspects of their study from their individual 
perspective. Possible divergences between the findings, conclusions and statements of some individual 
authors are natural, and often associated with their particular landscape under study. Even more general 
conclusions do not necessarily need to coincide with the particular opinion of the editors. 
The editors are hopeful that readers will gain sufficient information and inspiration for their own work 
from this book series. Readers will become aware of the inconsistencies and deficiencies of some 
approaches when it comes to measuring and assessing processes in complex ecosystems. You as reader 
and user are encouraged to find your individual optimum approach for your topic and landscape when 
drawing conclusions and acting imaginatively. 
In some chapters, trade names are used to provide specific information. Mentioning a trade name does not 
constitute a guarantee of the product by the authors or editors. Neither does it imply an endorsement by 
the authors or editors of comparable products that are not named. 
We hope that this book series can contribute to initiating the sustainable use landscapes in Eurasia.  
We are aware that the publication of this monograph is a snapshot about a broad and diverse topic. It shall 
also deliver benefits for many authors in terms of encouraging them to improve the quality of their 
disciplinary work as well as starting inter- and trans-disciplinary projects for landscape sustainability.  
The book series shall act both as a milestone by offering novel tools and ideas, and as a cornerstone by 
creating lasting research cooperation between scientists and institutes of Eurasia. 
 
Acknowledgements: The editors would like to thank all authors of this monograph for their work and 
their participation in the preparation of the monograph. It was our pleasure to serve as editors of this book 
series by coordinating and reviewing the written concepts and findings of motivated, enthusiastic 
scientists. 
For the sponsorship of the five-volume edition editors express their sincere gratitude to EuroChem 
Company, which has been cooperating with leading research organizations for many years on registering 
new products, assessing their effectiveness and devising regional regulations of their use to increase crop 
yields and crop quality with improved economic efficiency production.  
 
On behalf of the team of editors, 
Lothar Mueller (Muencheberg, Germany) and Viktor G. Sychev (Moscow, Russia) 
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