3.1.1 Title
Early response areas for climate change in Eurasia - Spatio-temporal dynamics of upper tree-line in the Ural mountains and implications for carbon sequestration

3.1.2 Objectives

During the past several decades, vigorous tree regeneration and upward shifts of tree-line have been apparent from comparisons of current and historical vegetation, using old geobotanical descriptions, maps, and landscape photographs from the South, North, and Polar Ural Mountains. The upper limits of open and closed forests have shifted upward by as much as 60-80 m of altitude, and have advanced up to 500-900 m of horizontal distance on gentle slopes.

The resulting increase in forest cover may alter the carbon stocks of large areas. This has implications for the current negotiations concerning the Kyoto Protocol, where the role of terrestrial ecosystems as sinks for increasing atmospheric CO2 concentrations is highly debated.

The main objective of the proposed investigations is to study the spatio-temporal dynamics of the upper tree-line and carbon sequestration under the influence of regional and global climate changes during the 20th century along latitudinal and longitudinal gradients in the Ural mountains. Results from the Urals will be compared with similar investigations to be conducted in the eastern Putorana Plateau (the north of central Siberia), a region with almost no human impacts.

Specific objectives

1. Vegetation structure and tree growth:

· To quantify past and present structure of the forest tundra ecotone;

· To determine the mechanisms of change for vegetation structure and tree growth;

· To study climate-tree growth interactions;

2. Carbon pools and turnover along altitudinal gradients:

· To determine the carbon stocks in above and below ground biomass;

· To characterise soil organic matter;

· To estimate decomposition rates;

3. Natural and anthropogenic forcing factors:

· To calibrate climatic data

· To describe the development of landuse during the past;

· To reconstruct forest stand history;

4. Scenarios of future development:

· To model the spatio-temporal dynamics of forest-tundra ecosystems.

3.1.3 Background & Justification for Undertaking the Project
Significant variation in global and regional climate has occurred on decadal to centennial time scales during the last 3000 years (Briffa et al. 1990, 1992; Hantemirov 1995; Hughes and Graumlich 1996). In the recent past a period of climatic cooling from about 1425 to 1850 A.D., called the Little Ice Age (Lamb 1977; Röthlisberger 1986), was followed by a period of warming since the end of the 19th century (Jones et al. 1982; Briffa et al. 1995). The average surface temperature around the world has risen by about 0.3 to 0.6 degrees over the past 100 years and by about 0.2 to 0.3 degrees over the last 40 years (IPCC 2001). In the arctic and alpine regions, the estimated temperature anomalies for the same period were twice as large as those averaged for the northern hemisphere (Kelly et al. 1982). Predictions for the next 100 years suggest an increase of the average surface temperature around the world from 1.4 to 5.8 degrees (IPCC 2001). 

The observed and predicted temperature increases might have large effects on global vegetation, particularly on tree-line ecosystems where plant growth is temperature limited (Körner 2000). Vigorous tree regeneration in openings, and an upward shift of the tree-line of 30 to 60 meters during the last 60 to 80 years, have been reported for various arctic and alpine tree-line ecotone areas around the world (e.g. Brinks 1959; Gorchakovsky and Shiyatov 1978; Hessl and Baker 1997; Kearney 1982; Payette and Gagnon 1979; Payette and Filion 1985; Sonesson and Hoogesteger 1983; Weisberg and Baker 1995). Significant seedling establishment, closing of open forest structures or stimulation of radial growth near tree-line is well documented for various mountain areas around the world: Canada (e.g. Kearney 1982), California (Vale 1987; Taylor 1995; Lloyd 1997), Wyoming (Dunwiddie 1977; Jakubos et al. 1993), Oregon (Franklin et al. 1971; Little et al. 1994), Washington (Woodward et al. 1995; Rochefort and Peterson 1996), Central Europe (Nicolussi et al. 1995; Paulsen et al. 1999), Northern Europe (Hustich 1948; Agren et al. 1983; Kullman 1986, 1988), and New Zealand (Wardle and Coleman 1992). However, some have questioned whether the observed changes in growth dynamics can be related to climate change, or if they merely represent normal dynamics within the permanent transitive zone of the tree-line ecotone (Kullman 1988, 1989; Hättenschweiler and Körner 1995).

The atmospheric CO2 concentration has increased from a pre-industrial concentration of less than 280 ppmv up to 370 ppmv, and it could double before the end of the 21st century (Schimel, 1995; Keeling et al., 1995). Carbon dioxide is not only radiatively active and an important contributor to the so-called 'greenhouse effect', but is also an essential substrate for photosynthesis and thus plant growth. In the current negotiations about the Kyoto Protocol, the role of terrestrial ecosystems as sinks for increasing atmospheric CO2 concentrations is highly debated. Terrestrial ecosystems contain three times as much carbon as the atmosphere (Schimel, 1995), and global fluxes of CO2 between soils and atmosphere exceed the CO2 released by fossil combustion by an order of magnitude (Raich & Potter, 1995). Climatic warming has two opposing influences on carbon storage in terrestrial ecosystems. While rising temperatures enhance net primary production (C accumulation), they also stimulate respiration (C losses) from ecosystems. Because the net C balance of an ecosystem is the difference between these two large fluxes, a relatively small change in either direction may have significant impacts on the roles of ecosystems as sinks or sources of C (Shaver et al., 1992), and thus may have important implications for the global C cycle (Oechel et al., 1993).

The observed upward shift of the tree line most likely stimulates the production of aboveground biomass, which would increase C accumulation on a regional scale. In contrast, the observed and predicted increase in temperature will likely increase the release of CO2 from the soil to the atmosphere through respiration. Soil respiration is very sensitive to warming, particularly at lower temperatures (Kirschbaum, 1995). Since soils contain about 60 to 80% of all terrestrial carbon pools (Dixon et al., 1994; Perruchoud and Fischlin, 1995; Schimel, 1995), a small increase in soil respiration may exert a large influence on global C dynamics. In arctic and alpine environments, soil C might become a particularly large CO2 source through thawing of permafrost. Thawing of permanently frozen soil horizons makes previously 'protected' soil C accessible for microbes and leads to large respiration losses to the atmosphere (Goulden et al., 1998; Hobbie et al., 2000). 

Tree-line ecotones are especially suitable areas for studying early ecosystem responses to climate warming, because plant growth is temperature limited. They are also ideal for investigating temperature effects on C storage of ecosystems, because the climatic gradients and associated changes in vegetation patterns occur over short distances (Tranquillini 1979; Delcourt et al. 1992; Slatyer 1992; de Groot and Ketner 1994; Risser 1995, Körner 2000, Becker & Bugmann 2001).

One problem for the investigation of tree-line dynamics is that most mountain systems of temperate climatic zones are exposed to anthropogenic disturbances. A good example is the European Alps, where chronic human impacts, such as tree fellings, dry wood and litter utilisation, and forest grazing, have long affected forest and landscape structure, dating back to pre-Roman times (Welten 1982, Haas and Rasmussen 1993, Burga and Perret 1998). 

Therefore, investigations of the effects of climate change on tree-line ecotones of mountain ranges such as the Alps are complicated, and direct human influences are superimposed on climate-related processes.

Other mountain systems of Eurasia, such as the Urals and the Putorana Mts. are much more suitable for investigating climate induced processes. 

In the South Urals, two study areas which are well suited for tree-line investigations were chosen. The first area is situated in Taganai National Park (56° N, 58° E) and the second area on Mt. Iremel (54° N, 57° E). Both areas provide various advantages for tree-line research:

· The mountain forests in these areas have never been disturbed by extended human activities and have never been exposed to regional air pollution. 

· Vigorous tree regeneration has occurred  as indicated by numerous photographs taken in the first half of the century, and by large-scale vegetation maps from the 1970s .

· The only meteorological station within the tree-line ecotone of the south Urals with a lengthy meteorological time series (1934 – present) is situated on the summit of mount Dalnii Taganai. 

During the last 100 years, knowledge about the biodiversity and structure of the South Urals mountain vegetation has been gathered by Russian scientists (Fedchenko and Fedchenko 1894; Tyulina 1929, 1931; Igoshina 1964; Gorchakovsky 1954, 1955, 1966, 1973, 1975, 1978, 1985; Shiyatov 1981, 1982, 1983, 1986; Sharafutdinov 1983; Nikonova et al. 1992; Lässig and Mochalov 1999). Vegetation mapping and phytosociological characterization have been performed by Gorchakovsky et al. in the 1970s.

In the Polar Urals, the research area includes the Rai-Iz Massif, Tchernaya and Slancevaya Mountains, located on the eastern macroslope of the Polar Urals (66°46' – 66°55' N, 65°36' – 65°49' E). In recent decades, tree-line has shifted upwards and tree density has increased. The Rai-Iz Massif is an ultrabasic formation, 10 km wide and 15 km long, with maximum elevations of up to 900-1100 m a.s.l. The Tchernaya Mountain (1030 m a.s.l.) consists mainly of gabbro rocks. The Slancevaya Mountain is a small formation (3 x 4 km, 417 m a.s.l.), composed of crystalline shale. 

These areas are also well studied from the floristic, geobotanical, meteorological and geological perspectives (Gorodkov 1926, 1935; Igoshina 1964; Shiyatov 1967). Many permanent plots, transects and landscape photographs were made by S.G. Shiyatov and K.N. Igoshina in 1957-1965. In addition, three long-term ring-width and wood density chronologies (up to 1300-1400 years long) have been constructed (Shiyatov 1986, 1995; Graybill and Shiyatov 1992; Briffa et al. 1995; Hantemirov et al. 1999). On the top of Rai-Iz Massif (870 m a.s.l.), in the tundra ecotone, a meteostation was situated from 1936 to 1998.
A third research area in the North Urals, in the vicinity of the Konchakovski Kamen (1569 m a.s.l.), lies between these well documented areas of the Southern and Polar Urals. Preliminary explorations show a significant change in tree-line dynamics also for this region, but until now only few investigations have been conducted.

The well documented South and Polar as well as the North Urals will be taken as key regions for our investigations. The eastern Putorana Plateau was included as a control area to test the results of the Urals.

The Putorana Plateau is situated in Central Siberia, between the two rivers Jenissei (90°E) and Lena (120°E), between 60°N to 70°N. Under the guidance of the Institute of Forest (Krasnojarsk) an extended monitoring project will start in the next years, to control the pollution situation in the western Putorana Plateau (Norilsk, mining). Control plots will be installed in the eastern Putorana Plateau, where wide areas have never been exposed to large anthropogenic disturbances. These control plots will be included in this INTAS-project and our specific investigations added.

3.1.4 Scientific/Technical Description

3.1.4.1 RESEARCH PROGRAMME

A preliminary expedition to the Ural mountains took place in July 2001, supported by the fund “Reserves for International Relations” of the Swiss Federal Institutes of Technology. The aim of the expedition was to visit the study areas, to discuss the scientific orientation of the project, and to implement a preliminary study. One aim of this preliminary study was to compare and calibrate the methods and analyses of the involved soil research groups (team WSL, team UBT, and team SS).

Based on that preliminary expedition the project has two main approaches: a) To answer the specified questions within the next three years and b) to develop protocols and the initial database for future monitoring research, as a supplement to the basic approach of the GLORIA-EUROPE project (Pauli et al. 2001; www.gloria.ac.at). The investigations will take place along altitudinal gradients within the tree-line ecotone, starting above the current species-line (alpine zone, tundra) and moving down into species-line, tree-line, and subalpine forests (see Appendix 1). Each gradient consists of up to 10 plot-series with vertical distances of between 20 to 50 m, depending on the upward shift of the tree-line and the local situation. The plot-series consist of 1 to 5 plots, approximately 20 by 20 m each. The plots will be divided into 4 sub-plots, 10 by 10 m each. In two of the sub-plots (A) all proposed investigations will take place. The other two sub-plots (B), which have to be comparable to sub-plots (A) concerning site conditions, are reserved for monitoring purposes such as phytosociology and for future investigations linked with the current project. 

In each research area several transects will be installed along environmental gradients to describe the ecological variability of the local site conditions due to parent rock, soil depth, soil moisture, slope and exposition. The main focus of the investigations will be on the transects in medium conditions (including intensive studies on soil organic carbon and litter decomposition). On the additional transects on wet and dry site types, less intensive sampling will be established. Where possible, the position of the transects will be determined using old landscape photographs and by comparing aerial photographs from different time periods.

A future incorporation of the transects into the GLORIA project of the Department of Vegetation Ecology and Conservation Biology of Prof. Dr. G. Grabherr, University of Vienna, is guaranteed to ensure the long-term monitoring objectives of this project.

The project is also a contribution to the established IGBP/IHDP/GTOS Initiative “Global Change and Mountain Regions“ (the “Mountain Research Initiative“, Becker & Bugmann 2001).

Links to other tree-line projects:

· Biodiversity in Alpine Forest Ecosystems: Analysis, Protection and Management; (EU-Project FAIR 3 CT 96-1949)

· Global Observation Research Initiative in Alpine Environments; GLORIA (Prof. Dr. G. Grabherr, University of Vienna)

· Various projects conducted under the auspices of “COST E21”

· “Element budget in two forested catchments (northern taiga, forest tundra) with a different permafrost regime in northern Siberia” (German Science Foundation GU 406/10-1, BU 1061/5-1, and FL 293/5-1).

· Monitoring Project in the Norilsk region, Putorana Plateau (Prof. Dr. E.A. Vaganov, Institute of Forest, Krasnojarsk)

The project will be stratified geographically into the South, the North and the Polar Urals as key research regions, and the Putorana Plateau as a control research area. Thematically the project is stratified into the following 4 research tasks, which are described in more detail below:

Task 1: Vegetation structure and tree growth

Task 2: Carbon pools and turnover

Task 3: Natural and anthropogenic forcing factors

Task 4: Scenarios of future ecotone dynamics

Task 1: Vegetation structure and tree growth

1.1 Quantify past and present structure and location of the forest-tundra ecotone

The available repeat photography suggests significant and sometimes dramatic historical changes at the forest-tundra ecotone, primarily a 'filling-in' process, but also an upward shift of the ecotone. However, the available photographs cover only some parts of the mountains, and their temporal coverage is limited to a few snapshots over a time span of more than 70 years. Therefore, our current knowledge of the extent and rate of ecotone change across the 20th century is qualitative or semi-quantitative at best. It is therefore necessary to quantify the observed processes, and to document them in a spatially more complete manner. The objective of this sub-task is to quantify the extent and rates of change of the forest-tundra ecotone by combining all available information, including old geobotanical descriptions, vegetation maps, repeat photography, and air photographs. The latter will come from Russian sources as well as from US spy satellites. Aerial photographs have been made by URALGEODESIA for several of the areas of interest, with 2-3 repeat flights in the period 1980-2000; their availability for the present international project needs to be investigated. Additional photographs of lesser quality also exist for the 1950s. From the US, the recently declassified CORONA reconnaissance photography is available from 1960-1972 at a resolution of ≤2 m when digitised.

These data sources will be digitised where necessary, and the air photographs will be ortho-rectified. Standard photogrammetric and image classification procedures will be used to map the changing spatial structure of the forest-tundra ecotone (i.e., closed forest, patch forest, krummholz mat, nonforested areas) within the study regions across the 20th cen​tury. This will allow determination of the rates of change (e.g., areal changes [ha/decade], elevational shifts [m/decade]) of the various land-cover categories. The inferred rates of ecotone change will be interpreted in the context of concurrent and antecedent climate data available from the Slatoust and Taganai meteorological stations, as well as in the con​text of the findings on patch-level mechanisms available from sub-tasks 1.2 and 1.3.

Expected scientific results: The proposed investigations will provide a high-resolution, quantitative description of changes in ecotonal position and structure across the 20th century. Particularly, it will become possible to quantify the relative roles of the filling-in process vs. the upward shift of the ecotone at the landscape scale. These analyses will provide the basis for spatially extrapolating the findings from the plot- and gradient-scale studies that aim at elucidating mechanisms (sub-tasks 1.2 and 1.3), and they will be used to develop models for projecting the future dynamics of the forest-tundra ecotone at the landscape scale (Task 4).

Team USFEA (Ekaterinburg) will be chiefly responsible for these analyses across the different study areas. The lab has significant experience with spatial analyses as well as spatial modelling, and is well-equipped with GIS software (ARC/INFO v8.0).

1.2 Mechanisms of changes of vegetation structure and tree growth

Changes in climatic factors greatly affect growth processes and plant morphological properties as well as competition, density and structure of plant communities, particularly at alpine ecotones. Changes in plant communities related to the advancing of the forest boundary (tree-line) can be dated on a yearly time scale by aging surrounding trees, and through comparisons with historical vegetation maps and surveys.

The position of every tree (taller than 1.3m) within all sub-plots will be measured and mapped. All trees will be numbered. Diameter at breast and base height, tree height, crown length and crown projection will be measured. All trees within sub-plots A1 and A2 will be sampled, taking a) from trees with DBH > 5 cm, one core at stem base  and two cores at breast height with an incremental borer and b) from trees with DBH < 5 cm, cross-sections at stem base. Tree growth will be measured, and tree-age determined, using dendrochronological methods. 

Tree saplings (0.2 to 1.3 m tall) will be counted and plant height measured within permanent circular regeneration plots of 2 m radius, centred in each sub-plot (Appendix 1). For age estimation, every sapling within the sub-plots A1 and A2 will be sampled by taking cross-sections at stem base. Within sub-plots B1 and B2, saplings will only be mapped. 

Within all sub-plots (A and B) a phytosociological relevee (Braun-Blanquet 1964) will be established for vegetation characterisation of the plots. In addition, 20 vegetation plots (1x1 m) will be placed diagonally within each sub-plot for vegetation mapping (trees, shrubs, herbs, mosses, and lichens) and seedling (0-0.2 m tall) measuring and counting. For monitoring purposes, the spatio-temporal dynamics of ground vegetation and tree seedling establishment will be measured for eight permanent vegetation plots within sub-plots B1 and B2 (Appendix 1). Forest structure of the observation plots will be documented by photographs and drawings. 

Expected scientific results: The proposed investigations will provide interannual, precisely dated records of tree-line positional shifts, changes in regeneration dynamics (including seedlings), and changes of tree-growth within the tree-line ecotone. Stand structure and the phytosociological classification of sites within the tree-line ecotone will be recorded. The advance of forest plants into the alpine tundra will be reported. The permanent vegetation plots will create a basis for future monitoring of changes of plant communities. 

Team USFEA (Ekaterinburg) will be responsible for coordination and comparability of the investigations on stand  dynamics between the different research areas, and for the field work in the South Urals. Team BG (Ekaterinburg) will be responsible for coordination and comparability of the investigations on ground vegetation dynamics between the research areas, and for the field work in the North Urals. Team IPAE (Ekaterinburg) will be responsible for the coordination and comparability of the investigations on tree growth between the research areas, and for the field work in the Polar Urals. Team IFOR (Krasnojarsk) will be responsible for the field work in the Putorana Mts. Team Ekaterinburg (USFEA) will train one young scientist from Krasnojarsk (IFOR) in appropriate methods of phytosociology and forest dynamics (permanent plots), for two months in the South Urals. 

1.3 Changes in climate-tree growth interactions

Changing climatic conditions are reflected in changing climate-tree growth interactions (Briffa et al. 1998). The close relationship between interannual measurements of maximum latewood density (MXD) and summer temperatures is described by Parker and Josza (1973) for the northern Rocky Mountains; Schweingruber et al. (1978) for the Alps; Hughes et al. (1984) for Scotland; and Briffa et al. (1990) for Fennoscandia and Siberia. Therefore our proposed investigations will focus mainly on high quality densitometric tree-ring data but also, with less priority, on ring-width chronologies. Former investigations, in the frame of the densitometric network of the northern hemisphere, showed that the climatic information of density chronologies does not change much within an ecotone (Schweingruber et al. 1978). Therefore our investigations will be restricted to analyses of plot-series located within the former tree-line. In sub-plots A1 and A2, 15 mature and old trees and 15 young trees will be sampled, taking two cores from each with an incremental borer at breast height. Intra-annual wood density will be determined using radiodensitometrical analysis (Eschbach et al. 1995). 

Soil temperature at a depth of 10 cm will be measured using temperature-dataloggers installed  sequentially at 50 or 100 m vertical intervals along altitudinal gradients, as will be done in the  GLORIA-EUROPE project (Pauli et al. 2001). Resulting data will be used to calibrate meteorological data from adjacent weather stations.

Expected scientific results: The proposed investigations will provide records of interannual changes in climate-tree growth interactions over the last decades.

Data collecting will be done by the Teams Ekaterinburg (USFEA, IPAE, Botanical Garden) and Team Krasnojarsk (IFOR). Radiodensitometric analysis and climate tree-growth interactions will be performed by Team Krasnojarsk (IFOR) and Team Birmensdorf (WSL), which will be also responsible for the coordination and comparability of these investigations.
Task 2: Carbon pools and turnover

Carbon storage and fluxes in ecosystems are influenced by climatic warming in two contrasting ways. Rising temperatures increase net primary production (C accumulation), but also stimulate respiration (C losses) from ecosystems. The net C balance is the difference between these two large C fluxes.

The effects of an upward tree-line shift on terrestrial carbon pools and fluxes will be estimated. The stocks of C in the above- and below-ground biomass, and in soil organic matter, will be quantified (1) along a gradient from the forest (former tree-line) to above the tree-line and (2) along transects through individual tree islands at the tree line. Tree biomass will be determined by harvesting selected trees of different age and crown class. The biomass of coarse roots will be estimated by excavating selected trees and sampling uprooted trees nearby. Fine root biomass is obtained by an intense sampling of soil cores. These above- and below-ground biomasses are used to calibrate allometric models (Hoffman and Usoltsev, 2000) and to calculate the total tree biomass per unit area in combination with the measured tree diameter and tree height (Task 1). Additionally, the storage of C in the shrub and herb layer will be determined destructively. Litter fall will be measured on an annual basis with litter traps.

Soil samples will be taken from several soil pits in each of the plots (appendix 1) and characterised by standard methods (density, texture, pH, C, N, exchangeable nutrients). To account for the spatial variability of soil organic carbon stocks, the depths of the organic layer and of the A horizon will be determined intensively along transects with a soil auger. This allows us to calculate the stocks of soil C accurately for large areas, because the soils of the key areas are characterised by A-C-profiles. 

As soil organic matter is made up of C fractions that cycle on a continuum of time scales ranging from days to millennia, it is necessary to separate SOM into different pools and to determine their turnover rates (Christensen, 1992; Trumbore et al., 1996). Soil organic carbon will be fractionated into different pools according to particle size (Amelung et al., 1999a), which yields labile and passive SOC fractions (Christensen, 1992; Guggenberger et al. 1994, 1995). The separation of SOM into particle size has been used successfully to detect SOM changes due to land-use and climate (Balesdent et al., 1988; Vitorello et al., 1989; Amelung et al., 1998). In the different SOC pools, C and N will be measured and SOM composition will be characterised by analysis of lignin, polysaccharides, and aminosugars (Guggenberger et al. 1994; Amelung et al. 1999b). These parameters have been shown to reflect the influence of climate on SOM composition in temperate (Amelung et al., 1997, 1999b) and boreal-subarctic regimes (Ugolini et al., 1981; Guggenberger et al., 2000). Lignin analysis using alkaline CuO oxidation is also suitable to trace whether a vegetational change has occurred in the past (Ugolini et al., 1981; Zech et al., 1997). Furthermore, radiocarbon (14C) measurements will be used to quantify the residence time of C in the plant and soil system (Trumbore et al., 1996; Goulden et al., 1998; Gaudinski et al., 2000). Decomposition rates of the dominant growth forms (moss, graminoid, and evergreen shrubs above the tree-line and tree needles in the forest) will be studied with litter bags. Litter quality will be characterised by C/N, lignin, and polyphenol measurements.

Expected scientific results: Response of carbon cycling in the plant-soil system to an upward shift of the tree-line. Quantification  of carbon stocks in above- and belowground biomass as well as in the soil.

Team Birmensdorf (WSL) will be responsible for coordination and comparability of the fieldwork between the Teams. In the Urals, the teams (USFEA, IPAE and BG) will be responsible for the measurement of above- and belowground biomass, The soil work and the litter-bag study will be done by the teams (IPAE and USFEA). Team (IFOR) is responsible for the fieldwork in the Putorana Plateau. Measurements of soil carbon and nutrients of plants and soils will be conducted for the whole project by the team (SCAS). Radiocarbon measurement will be carried out by the Institute of Geology, Siberian Branch of the Russian Academy of Sciences (Novosibirsk).  Characterisation of SOM will be coordinated by team Bayreuth (UBT) and it will be realised by a PhD student of IPAE visiting the laboratories of team Bayreuth (UBT) and team Birmensdorf (WSL) during two months.

Task 3: Natural and anthropogenic forcing factors

Mountain forest ecosystems are characterised by (1) slow turnover rates and (2) the potential for long time lags. Thus, historical events and processes may be highly significant for understanding and interpreting their dynamics. This requires a detailed knowledge of ecosystem history with respect to abiotic processes (e.g., disturbances such as windthrow, extreme climatic events or changing climatic conditions) and biotic inter-actions (e.g., human land use, herbivores such as wild ungulates, and pathogens).

Abiotic processes:

The evaluation of changing climatic conditions requires calibrations between the available meteo stations differing in time window, site conditions and distance to the study areas. These climatic data need to be calibrated to the local situation at the study areas by installing temperature-dataloggers (see task 1.3). 

Biotic inter-actions:
Human population size in the Ural mountains has increased dramatically over the past two centuries, causing human ecosystem impacts to become increasingly more important. Such impacts include grazing, hunting, timber harvesting, charcoal production, silviculture, and - in recent decades – pollution. All such anthropogenic factors may strongly influence treeline dynamics and processes of site and vegetation change. Therefore, they may confound climate-vegetation linkages, which is our intended focus. Our study areas in the Ural mountains and on the Putorane plateau were chosen because they appear to have been affected only little by direct human influences.

To improve our ability to detect and quantify climatic influences upon vegetation change, it is necessary to evaluate the land-use history of the study areas, and to investigate the disturbance history of the investigated stands. The former will be done at the regional scale by focusing on the history of human settlement during the last 200-400 years, based mainly on the published literature and historical archives in municipal records. The latter will be accomplished through reconstructions of stand and forest history using tree-rings as proxy data on a smaller scale.

The historical investigations will be performed by a historian, whereas the dendroecological reconstruction work will be conducted in the frame of Task 1.

Expected scientific results: The proposed investigations will provide a calibration of the best available climatic data with temperature-dataloggers at the sample plots. Important background information on land-use and disturbance history in the study areas will be obtained. They combine large scale historical investigations with small scale dendroecological reconstructions of stand history. The results will allow us to distinguish between natural and anthropogenic forcing factors of vegetation change.

Team USFEA (Ekaterinburg) will be responsible for the calibration of the meteo data (together with subcontractor Taganai (Meteo station). Team USFEA (Ekaterinburg) and WSL (Birmensdorf) will be responsible for the dendroecological work. Team IPAE (Ekaterinburg) will be responsible for organising the historical research and supporting the historian.

Task 4: Scenarios of future ecotone dynamics

Investigations conducted under Tasks 1-3 will characterise past and present forest structure at the landscape scale, and dynamics, radial growth increments, vegetation change, and carbon dynamics for a relatively small proportion of the tree-line area in the three mountain ranges. Yet it is well documented that treeline environments are extremely heterogeneous, and that vegetation change responds to this heterogeneity. The task then ensues to generalise from empirical relationships derived from site-specific analyses to the broader, regional area of interest, and to use reconstructions of past landscape dynamics for deriving scenarios of future dynamics under the impacts of anthropogenic climate change.

A suite of simulation models will be employed at both point and landscape scales, and in combination with GIS technology, to explore the consequences of our research findings over larger areas and longer time frames (≈100 yr) into the future. Special emphasis will be placed on (1) the structure and location of the forest-tundra ecotone, and (2) the assessment of spatio-temporal patterns of carbon storage as influenced by soil-vegetation interactions.

Landscape-scale analyses:

For the landscape-scale analyses, a simple state-and-transition model of landscape dynamics based on the results from Task 1.1 will be developed. Particularly, the transition probabilities between the various states (non-forested, krummholz mat, forest patch, closed forest) will be derived so as to incorporate abiotic driving variables (i.e., climatic influences). These transition probabilities will then be used in scenario analyses to explore the future rates of landscape change under certain assumed climatic changes of the future.

Patch-scale analyses:

For the patch-scale analyses, a new model of krummholz/forest patch growth (see below), built on existing models of belowground carbon turnover, particularly ForClim-D (Perruchoud, 1995; Perruchoud et al., 1999) and CENTURY (Parton et al., 1987, 1998), will be developed. The two models of soil carbon dynamics are described briefly below.

– ForClim-D projects forest patch dynamics by simulating the fate of trees in a semi-mechanistic manner (Bugmann 1996). It allows simulation of above- and belowground carbon pools (Perruchoud 1996), and will be applied in the present project using prescribed inputs of plant litter (e.g., meadow patch vs. krummholz mat vs. forest patch).

– CENTURY is a dynamic model that is based on the explicit consideration of ecophysiological processes. CENTURY was originally con​ceiv​ed for assessing belowground carbon storage in grasslands (Parton et al. 1987), but over the last 15 years, the model developed into a full-fledged biogeochemical simulator that is applicable for terrestrial ecosystems worldwide (e.g., VEMAP 1995, Schimel et al. 1997, Parton et al. 1998). CENTURY is less data-demanding than other biogeochemistry models (e.g., BIOME-BGC), and parameter values for many plant functional types are readily available, making it easier to set up this model for a new study area such as the Ural mountains. Collaboration already exists between team (ETH) the Natural Resource Ecology Laboratory in Ft. Collins (USA), where CENTURY was developed.

Validation of these models will be performed based on the chronosequence data from above treeline to the subalpine forest, which are provided by the dendrochronological and soil carbon measurements. Moreover, the modelled turnover rates of different SOC pools can be compared with 14C measurements.

Existing plant growth models are poorly suited for evaluating growth patterns and structural develop​ment in the forest-tundra ecotone. Therefore, to analyse past growth patterns of krummholz mats and forest patches in our study areas, a semi-mechanistic, dynamic model describing the growth of tree islands, i.e. the development of the krummholz and the change to vertical growth patterns (flag trees) will be developed. The conceptual basis for such a model has been laid out by Strobel (1995), including the field sampling and data analysis protocols that are required for model parameterisation. In our study areas, a small number of tree islands (4-5)  will be sampled destructively to analyse growth patterns and growth forms, and to relate these to past environmental conditions. 2-3 tree islands will be used for deriving the model, whereas the remaining 2 will be used for model validation.

As with the landscape-scale model, the patch scale models will be used to run scenario analyses, allowing exploration of the future behaviour of the forest-tundra ecotone under changing climatic conditions.

Expected scientific results: Integration of measured C pool and flux measurements by modelling. Extrapolation in time and 'upscaling' to larger areas of ecosystem behaviour using dynamic modelling tools and GIS techniques.

Team Birmensdorf (WSL) and team Zürich (ETH) will be responsible for coordination of the modelling part. Team Ekaterinburg (USFEA) will be responsible for the remote sensing part and GIS part. One young scientist from Ekaterinburg (USFEA) will be trained in modelling during three months at Birmensdorf (WSL) and Zürich (ETH). To increase collaboration one young scientist from Krasnojarsk (IFOR) will be trained in modelling during three months at Ekaterinburg (USFEA).

The possibility to investigate three different regions of the Urals (key region) between 54°N and 67°N and to compare these with virtually pristine, isolated areas of the eastern Putorana Plateau is unique. The combination of the high-technologies of radiodensitometry, 14-C isotope analysis, specific molecular markers in the soil, GIS and modelling is novel. Historical investigations will provide additional data to answer the question if the upward shift of the tree line is caused by a changing climate.

The chances of success in the proposed project must be considered very good because of the following reasons:

· The teams from Switzerland, Germany and Russia already have long experience in cooperation gained in earlier projects (since 1990: e.i. INTAS, EC, Swiss Science Foundation, Institutional partnerships). Knowledge transfer between the teams will not be a problem.

· A July, 2001 research expedition to the Ural Mts. allowed us to conduct preliminary field research on soils and vegetation that will aid us in directing and calibrating the work of the different laboratories.
· Tasks 1-3 are designed to complement one another toward the goal of answering the main questions.  However, each task is independent in the sense that valuable results can be obtained independently of the level of success achieved by the other tasks.

