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Permafrost has profound effects on the ecology, hydrology, geomorphology, and human occupation of North Eurasian environments. The presence of large quantities of near-surface ground ice forms a relatively impermeable layer that determines the depths at which groundwater can circulate and to which plants can extend their roots. Thaw of ice-rich permafrost can lead to settlement and irregular subsidence of the ground surface (thermokarst) that, in turn, disrupts drainage patterns and can cause severe damage to buildings and transportation facilities (Nelson et al., 2001 and 2002). Near-surface permafrost sequesters substantial amounts of organic carbon that, if released to the atmosphere, could amplify greenhouse warming (e.g. Bockheim and Hinkle, 2007). 

Permafrost regions occupy more than half of the Northern Eurasian terrestrial surface. Everywhere in this vast frozen domain, a relatively thin layer of earth materials between the ground surface and the top of the permafrost undergoes an annual cycle of freezing and thawing. The importance of this active layer is much greater than its limited vertical extent suggests, because it is here that most biological, geomorphic, and hydrological activity in the permafrost regions occurs (Kane et al., 1991). A systematic and widespread increase in the thickness of this layer over the last decade was reported for several characteristic Northern Eurasian regions (Fedorov-Davudov et al., 2004; Mazhtova and Koverin, 2008; Akerman and Johansson, 2008). Preliminary study also indicates that the progressive thaw penetration into ice-reach permafrost layers in some East Siberian landscapes can contribute to significant increases in stream discharge (Davudov et al., 2008).

Increasing recognition of the active layer’s importance in the context of global climate change (e.g., Kane et al. 1991) provided much of the impetus for creating a long-term monitoring program focused on the active layer and shallow permafrost. The Circumpolar Active Layer Monitoring (CALM) program is a network of sites at which data about active-layer thickness (ALT) and dynamics are collected. CALM was established in the 1990s to observe and detect the long-term response of the active layer and near-surface permafrost to changes in climate. CALM is among the international permafrost community’s first large-scale efforts to construct a coordinated monitoring program capable of producing data sets suitable for evaluating the effects of climate change. Together with the IPA’s Thermal State of Permafrost program, CALM comprises GTN-P, the Global Terrestrial Network for Permafrost. The CALM network’s history and organizational structure are reported in Brown et.al (2000). This report provides short description of CALM network over Northern Eurasia. Scientific results are presented regularly at national and international meetings, and have been published widely in international scientific journals and symposia proceedings. Several edited volumes focused on the CALM program have been published to date (Brown et al., 2000; Nelson ed.; 2004a, 2004b).
The distribution of CALM observational sites in the Northern Hemisphere is shown in Figure 1. The CALM network incorporates 168 sites in Arctic, sub-Arctic, and mountainous regions. Several sites constitute longitudinal and latitudinal transects across northwestern North America, Europe and the Nordic region, and northeastern and northwestern Russia. Sites in Europe, China, Mongolia, and Kazakhstan provide high-elevation locations. The majority of sites (87) are located in the Northern Eurasia. About 70% of the sites are located in Arctic and Subarctic lowlands underlain by continuous permafrost. Discontinuous and mountainous permafrost areas contain respectively 20% and 11% of sites. The distribution of sites is not uniform, a circumstance attributable to historical circumstances and logistical constraints. The sites were established in regions of extensive economic activity and/or in areas of long-term climatic, permafrost, and ecosystem research. This logistically driven approach to site selection was adopted to insure regularity and periodicity of measurements.  
Three methods are used to determine the thickness of the active layer: 1) mechanical probing using a graduated metal rod; 2) temperature measurements; 3) frost/thaw tubes.  With exception of mountain environments at all North Eurasia sites the active layer is measured by mechanical probing on regular grids of sampling points ranging from 10×10 m to 1000×1000 m. The time of probing varies from mid-August to the end of September, i.e., when thaw depth is at or near the maximum. More frequent measurements are made at some sites and in some years. The gridded sampling design allows for analysis of intra- and inter-site spatial variability and yields information useful for examining interrelations between physical and biological parameters. Grids are established at undisturbed locations, characteristic of dominant environmental conditions. Their size varies depending on site geometry, and the level of natural variability of surface and subsurface conditions. In general, 10×10 m to 100×100m size grids are established within relatively homogeneous landscape units. Several sites contain a number of grids representing various landscape units within the area. The 100×100 m to 1000× 1000 m grids usually encompass several characteristic landscapes within the area. CALM adopts a systematic sampling scheme for thaw depth measurements on most grids. The systematic sampling design involves annual replicate measurement at regularly spaced grid nodes. With a few exceptions, each 10, 100, and 1000 m -side grid contains 121 nodes distributed evenly at 1, 10, and 100 m spacing respectively. All grids have data loggers for monitoring air and soil temperatures at various depths. Several sites have installations for continuous monitoring of soil moisture. Detailed spatial characterization of topography and surface and subsurface conditions are available for each grid. These include DEMs, vegetation, soil, and landform characterization, and organic layer thickness. In addition, several spatially oriented monitoring of frost heave and thaw subsidence using optical leveling is conducted at five representative sites in Russian Arctic.
Several regions with large assemblages of sites and representative of high-latitude climatic/landscape gradients are suitable for spatial data integration. Examples of such regions in Northern Eurasia are the North West Siberia region (Yamal-Gydan Peninsulas), and the Lower Kolyma River region. Each of these regions has been the subject of extensive geocryological research and contains information sufficient to facilitate regional-scale mapping. At present, the CALM North-Eurasian database contains regional compilation of site observations in the form of a detailed digital landscape and active-layer map of northern West Siberia. The map was compiled in cooperation with the Earth Cryosphere Institute (Russia) and depicts a hierarchy of landscapes units, organic layer thickness, lithology, and the landscape-specific characteristic values of active-layer thickness (Figure 2). At present, the map is being refined and extended. 

One of CALM’s primary objectives is to develop coherent, quality-controlled datasets of long-term observations on the active layer and upper permafrost, suitable for assessing changes in polar terrestrial ecosystems. At present, the CALM database consists of annual submissions from 168 sites, and includes active-layer thickness (ALT), soil temperature and moisture (where available), and heave/subsidence data (where available). The majority of available data are distributed through the CALM website maintained by the University of Delaware’s Department of Geography. (www.udel.edu/Geography/calm). The web-based summary table contains average ALT at all stations for all years, and is linked to metadata and individual data sets.
Active-layer observations and auxiliary information from the CALM network provide an extensive circumpolar database, which has been used extensively to validate process-based geocryological (e.g., Oelke and Zhang, 2003; Shiklomanov et al., 2007) and hydrological (Rawlins et al., 2003) models.  Although the CALM network continues to grow in terms of the number of participating sites and the quantity and quality of observations, two outstanding data issues remain to be resolved. 1) Continuation of periodic measurements: This problem relates to difficulties associated with unattended operation of scientific equipment at remote locations and periodic accessibility of sites. For example, approximately one-fourth of Russian sites were discontinued during the last five years due to substantial increases in logistical costs. A large number of sites have suffered from equipment malfunction and vandalism. 2) The methodology of simple sharing of basic data, adopted by CALM in the late 1990s, does not entirely satisfy the growing needs of the increasingly international and interdisciplinary scientific community and general public. Newly developed web-based database and mapping applications provide more advanced and user-friendly vehicles for presenting and sharing geographically referenced information.
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Figure legends

Figure 1. Permafrost distribution and location of CALM sites in the Northern Hemisphere. Sites are grouped according to active-layer monitoring methods.

Figure 2. Map the characteristic active layer thickness in Northern West Siberia. 

[image: image1.jpg]Map of Active-Layer Thickness in West Siberia
Earth Cryosphere Institute, RAS.

Scale 1: 1500 000

Active-Layer Thickness (m)
-ses

=
=
-





Figure 1. Permafrost distribution and location of CALM sites in the Northern Hemisphere. Sites are grouped according to active-layer monitoring methods.
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Figure 2. Map the characteristic active layer thickness in Northern West Siberia. 









