Biogeochemical Cycles of Arctic Bog-lake Landscapes of Western Siberia as an Indicator of Climate Change on a Global Scale and a Basis for the Sustainable Nature Management of the Region (BIO-GEO-CLIM)
Summary of the project activities planned for implementation in 2016-2017
We have revealed some new tendencies in Subarctic ecosystem regimes such as an increase in the soil temperature and active layer thickness; a higher frequency of fires as a result of more frequent short-term droughts; a rise in the amount of precipitations both in summer and in winter; a shortening of the snow cover duration; an intensification of the spring flood; an increase of the water discharge rate, especially in winter; an intensification of groundwater feed effect; a growth of primary productivity and biodiversity; a shift of the forest limit to the north, to tundra and forest-tundra zones; warming up of shallow lakes and their partial drainage in the summer drought period; appearance of small thermokarst lakes and sinkholes; reduction of surface area of large thermokarst lakes as a result of their drainage (discharge of water to the river net).
Most of these tendencies are developing simultaneously which makes it impossible to define controlling factors and assess the impact of these processes on ecosystems by means of the conventional field studies and complex expeditions, including long-term monitoring of areas under study, even when we are given the wide range of latitude variations of a parameter (frost, vegetation, mean temperature).
A powerful alternative tool to define the causal effects and to predict the of ecosystem response to the global climate change is experimental manipulations with ecosystems and their components. We suppose that we can only assess the potential impact of the climate change and its importance for people’s economic activity through controlled modification of a particular parameter or landscape component, all other ones being unchanged. Although field experiments are vital for the understanding of the ecosystem response to the climate change, we do not have sufficient experimental evidence, especially for continental taiga and tundra; besides, we possess only limited data on ecosystem adaptation and optimization mechanisms.
In the frame of 2016–2017 project we plan to identify the physicochemical and biological factors controlling the evolution of landscape components (lakes, vegetation, top soils) as a result of the shift in ecosystem climatic parameters. The research will cover forest ecosystems,  flat-hilly peat-bogs, high bogs, thermokarst lakes and river floodplains of continuous and discontinuous permafrost zones of Western Siberia.
This project takes a complex multidisciplinary approach to understanding of the present-day evolution of the chemical and biological components of subarctic landscape. It includes field experiments on pilot landscapes, laboratory experimental simulation and reconstruction of landscape evolution in the past relying on the analysis of peat, benthal deposits of lakes and paleosols, productivity and biodiversity. We expect that such combination of experimental and simulation approaches will allow us to predict the potential physical, chemical and biological changes in the main landscape components resulting from the climate change and growing anthropogenic impact in the time frame from 1 to 10, 000 years.
The project’s main goal for 2016–2017 is to assess and predict the complex response of the environment to the current global climate change and to control the landscape components of the northern parts of Western Siberia. To control landscape evolution we need to accomplish several interconnected tasks of universal importance, such as:
1) To assess the impact of the climate change on aquatic and terrestrial subarctic ecosystems of Western Siberia.

2) To develop the technology of controlled modification for bog and lake complexes of tundra and forest tundra.
3) To experimentally simulate the interrelation between landscape components in various temperature and chemical conditions.

4) To identify the climatic controlling factors that influenced the bog and lake ecosystems in the recent past by means of paleoreconstruction and to define a non-climatic factors of landscape dynamics (pyrogenic factor, ecological succession processes and biotic regulation).
The tasks stated in the present  project are accomplished due to:

1) The profound knowledge of the object of research and the comprehensive material on the object, gathered by our research team.

2) New original approaches facilitating full understanding of ecosystems evolution and guaranteeing its practical application to the technology and innovation.

3) Multidisciplinary approaches integrating remote investigation, field study, laboratory simulation and the results of complex environmental research in biology, geochemistry, geography and physico-mathematical sciences.

4) Involvement of considerable human, laboratory and analytical resources of both Russian and foreign partners.

5) Proved efficiency of the research manager work, his ability to lead the research team and present the obtained results in high-rated scientific journals. 

Our team’s research aims to identify physicochemical and biological factors controlling the evolution of landscape components in response to the changes in climate parameters in Western Siberian ecosystems. We will assess the interaction rate and the constant of the elements partition between the solid and liquid phases. Preliminary evaluation experiments proved this complex approach to be appropriate and revealed a range of ecosystem parameter variations making it possible to receive measurable and stable responses of the ecosystems components to external influences.

Complex multifactor laboratory and field research will provide new data on the biogeochemical processes in the frame “atmosphere – vegetation – soils – frost - water” and help to predict the impact of potential climate change on the environmental and trophic status of thermokarst lakes, vegetation and top soils.
Palynological study attended by geochemical peat study will reveal the landscape history of subarctic region of Western Siberia. This will allow to compare paleoecologic changes in Holocene with biogeochemical landscape conditions to evaluate climatic and non-climatic factors of landscape dynamics. This research block is necessary to construct a general model of environment dynamics in order to define the role of contemporary stage in its development. In order to predict the further development we need to conduct a study on ecosystems manipulations.
The responses of southern cryolithic terrestrial ecosystems to various one-factor influences will be determined within experimental areas. Relations between production and destruction processes and biogeochemical cycles on the one hand, and climate and frost conditions on the other will be defined. In order to find a proper location for the field experiment it will be necessary to study the soil structure on the selected key sites. The response of the lake phytoplankton and bacterial plankton to the rise of temperature and fertilization (nitrogen, phosphorus, potassium) will be evaluated. Experiments on the intensification of the lake drainage to the river net and lake overgrowing will be conducted. Methods of lake basin drainage and melioration will be developed. Experiments on mesocosm recreation will also play a significant role revealing the kinetics of interrelation between water and thawed peat, vegetation, peat combustion products and organic soil horizons. The changes in high water occurring as a result of its interaction with various types of floodplain underlying surface will be studied on artificially flooded areas on the station in Ob floodplain. mineral and peat soils will be studied in order to reveal the changes in soil solution, soil organic matter gas emissions under the influence of one or several factors (temperature, moisture, nutrient regime).

In the course of laboratory experiments we will obtain data on parameters, tendencies and conditions of various primary processes and reactions, for example determine the frozen carbon lability and the kinetics of interaction between water and various types of peat and plant litter with inhibited and stimulated microbiological activity and much more. 

As a result, we will be able to provide recommendations and instructions on the refinement of surface waters (thermokarst lakes) and tundra landscapes of Northern Western Siberia in the context of climate change and discontinuous permafrost distribution for nature protection services in the area and RF Ministry of Natural Resources and Ecology. Using new original approaches based on palynological study we will reconstruct the Holocene climate and vegetation in order to predict the climate dynamics in the medium and long term prospective. Climate prediction fully correlates with the goals stated in the last report of International Commission for climate studies (IPCC, 2013, chapter 11). We will be able to give recommendations on the environmental engineering of the Western Siberian cryolithic zone corresponding to the research results; to develop the technology of the environment components controlled manipulation;  to provide practical guidelines on the refinement of surface waters (thermokarst lakes) of Northern Western Siberia; to predict the impact of potential climate change on the environmental and trophic status of thermokarst lakes and top soils.
