Parameter: Permafrost

· Main climate applications

· The stability of permafrost terrain and its distribution, particularly in its southern continental zones and lower boundaries in mountains, is dependent on ground surface temperature regimes. 
· The IPCC Third Assessment Report stated with very high confidence that “regions underlain by permafrost have been reduced in extent, and a general warming of ground temperatures has been observed in many areas  (p. 803, Anisimov et al. 2001). 

· There is consistent evidence of warming, thawing and subsidence of permafrost terrain in the southern permafrost zones and mid-latitude mountains where permafrost temperatures are relatively warm.

· Permafrost temperature data are essential for detecting the terrestrial climate signal in permafrost terrain. Precise measurements of permafrost temperatures can be used to detect integrated changes in the ground surface heat balance an order of magnitude smaller than can be determined by direct instrumental heat balance measurements.
· Changes in permafrost temperature and thawing of permafrost can result in changes to the surface heat and moisture balances.
· The strength and stability of frozen ground is temperature-dependent; warming of permafrost may result in ground instability and slope instability which has important implications for infrastructure.
· Active-layer observations demonstrate a positive response to air-temperature forcing on an interannual basis in a variety of locations worldwide; all sites demonstrate interannual variation.
· Long-term active-layer records often contain temporal trends that may be correlated to general shifts in atmospheric or oceanic circulation
· Temporal synchronicity of active layer observation does not extend consistently throughout the circumarctic region due to regional differences in climate forcing.
· Variations in soil thaw and related soil moisture affect trace gas emissions and sequestration and surface runoff in the permafrost-affected, organic-rich soils.
· Interannual variations in snow cover and soil moisture have a major effect on ground temperatures.
· During the period 1995-2000, some sites in Alaska, northwest Canada, the Nordic region and Russia experienced maximum thaw depth in 1998 and a minimum in 2000; these values are consistent with the warmest and coolest summers.

· Heat-induced, thaw penetration into the underlying ice-rich permafrost results in surface subsidence and accelerated erosion, thereby affecting infrastructure stability and water quality.

· Permafrost thermal data  and active layer thickness are key components for validating  hydroclimatic models, land surface models, and climatic change models.
· Contributing baseline (GCOS) observations
· There are several temporal and spatial elements that must be considered: the temperature and distribution of the permafrost (perennially frozen ground) and the active layer (thickness of the seasonal thawing and freezing of soil above the uppermost permafrost). These measurements commonly involve a number of agencies and academic organizations in observing countries.
· The GCOS/GTOS Global Terrestrial Network-Permafrost (GTN-P) monitoring networks for permafrost borehole-temperatures and active-layer thickness involves several hundred boreholes, mostly in the Northern Hemisphere, and over 100 active layer sites mostly in the Arctic. 

· GTN-P activities are coordinated by the International Permafrost Association (IPA). 

· Minimum requirements for reporting consist of annual permafrost temperature profiles and the maximum thickness of the active layer. 

· Temperature in boreholes are obtained by lowering a calibrated thermistor into the hole, or recording temperature from cables installed in the borehole. Monthly permafrost temperature measurements at a range of depths to 100 m are a secondary requirement for boreholes. These allow the seasonal range in temperature in the upper permafrost to be evaluated as well as the longer term trends. 

· Active layer-thickness is obtained by physically probing, through the use of thaw tubes or by interpolation of closely spaced soil temperature readings. Seasonal progression of the active layer as monitored are obtained at sites of intensive investigations for process understanding.
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· Additional information collected at thermal and active-layer monitoring sites include air temperature, snow depth, soil temperature and other climatic parameters, as available.

· 
· The borehole network operation is summarized in Burgess et al. (2000, 2001a) and borehole metadata is posted on the GTN-P web site <http://sts.gsc.nrcan.gc.ca/permafrost/gtnp>.   Current monitoring activities in Canada and recent trends in permafrost temperature in North America are summarized in Burgess et al. 2001b. [see site example for Alert, Canada). The European PACE network is reported by Harris et al. (2001) and http://www.cf.ac.uk/earth/pace/. Borehole time series for Asian sites are also available.  The five-year summary of the CALM network with metadata  and data available from the TEMS network page and CALM web site: <http://www.geography.uc.edu/~kenhinke/CALM/>. Gilichinsky et al. (1998) reports on century long trends in Russian soil temperatures to the depth of 3.2 metres.
· Other contributing observations 

· The GTN-P network was created to meet the needs of Global Terrestrial Observing System (GTOS) and the Global Climate Observing System (GCOS) in cooperation with the International Permafrost Association.

· A number of GTN-P sites, mostly CALM,  are co-located with other networks (ITEX, LTER, ILTER, FLUXNET, SCANNET, ENVINET and contribute to national projects such as the PACE (Permafrost and Climate in Europe) Network, the recently established Canadian Permafrost Monitoring Network, and  those in the Antarctic in cooperation with SCAR). 

· Significant data management issues

· In 2000, WMO Secretary General Obasi invited each participating country to support the GTN-P observing activities and to report progress in the Conference of Parties of the United Nations Framework Convention on Climate Change (UNFCCC) on Research and Systematic Observation. A few countries reported.

· No international funding is available explicitly for data management for the thermal monitoring component of the GTN-P; The Geological Survey of Canada has acquired funding for the development of the data management node for the Canadian Network and will develop the data management structure for both the Canadian and international program. 

· The Geological Survey of Canada plans to continue the management of metadata and coordinate data submission and dissemination for the international borehole network as part of its national permafrost monitoring  program. 

· Submission of annual data summaries is the responsibilities of individual projects in different agencies and organizations in each country. In some instances the data are withheld awaiting formal publication. 

· Large amounts of permafrost temperature data were collected over the past 40 years or so throughout the Arctic and Subarctic regions. Many of these data remain in individual or organizational files, and are at risk of being lost (Barry et al. 1995). The IPA Global Geocryological Database (GGD) program and the GTN-P continue to identify these data, but lack resources to recover, archive and further analyze them as baseline information.

· Active layer (CALM) observations and data are currently managed through an individual grant from the U.S. National Science Foundation at the Geography Department, University of Cincinnati. Data are archived in the National Snow and Ice Date Centre (NSIDC). The first five-year project ends in March 2003. New funding for CALM data management will be required as well as funding in each country to continue and expand the observing network. 

· Analysis products
· Products include publications of digital maps, reports on analysis of permafrost temperature time series and documentation of spatial and temporal variation in permafrost temperature and active layer  and validation of hydroclimatic model, land surface models, and climatic change models. 
· Metadata and summary data appear on a CD-ROM every five years produced by the NSIDC in cooperation with the International Permafrost Association. 

· CALM publications report on gridded data analysis and apply the GHOST tier strategy (see references). Complete multi-year summary of data through summer 2001 is available (Brown et al 2000).

· Several publications report on permafrost thermal conditions at single sites or for regional networks (eg. Harris et al. 2001; Osterkamp and Romanovsky, 1999; Smith et al., 2001).

· Current capability

· Borehole temperature data are currently obtained at over 300 sites  most of which are in the Northern Hemisphere. The majority of the boreholes are between 10 and 125 m deep.

· Shallow temperature records are used to evaluate trends on a decadal time scale and analysis of deeper  borehole temperatures (>100 m) are used to detect trends at century to millennial scale.

· Many permafrost temperature records are of short duration or discontinuous, but some sites have continuous time series 20-30 years long.

· Data are collected at points which from larger regional transects or networks.

· Annual active-layer data are reported from approximately 100 sites in both hemispheres. Several time series date back to the1960s and 1970s. Site locations are biased toward high latitude tundra. Statistical analyses report on spatial and temporal variations  (see references by Hinkel, Nelson, and Shiklomanov as examples).

· Issues and priorities

· Essentially all sites require national funds for continuity of data collection and reporting.
· The current GTN-P networks as designed for the detection and observation of active layer and near-surface permafrost response to climate change, require continued annual and multi-decadal observations, improved methods of vertical ground control for thaw and subsidence observations, and additional active layer and thermal monitoring sites are required to address key regional/spatial and thematic gaps.
· An expanded network of sites in the mountainous regions of both hemispheres is required.
· An U.S. NSF funded CALM synthesis workshop in November 2002 will recommend new activities and approaches based on:  (1) analysis of spatial patterns of thaw at existing sites and correlation of active layer data with landscape units; (2) analysis of air and soil temperature data; (3) Revision and further development of  field measurements, analytic procedures, and archiving protocols; (4) evaluation of active layer models for use in climate-change scenarios; (5) review of the relationship of CALM with other international programs; and (6) discussions on  the future of the CALM program.

· Priorities over the next two years for thermal monitoring component are: (1) evaluation of site metadata and final site selection; (2) development of database structure, standards and protocols for data submission; (3) compilation and dissemination of summary historical data from network sites; (4) ongoing data submission and management; (5) regional syntheses and summary report documenting spatial and temporal trends in permafrost temperature 
· The status of the GTN-P will be reviewed by the IPA during the Eighth International Conference on Permafrost, to be held in July 2003 in Zurich, Switzerland.
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Permafrost distribution in the northern hemisphere and location of candidate boreholes for the thermal monitoring component of the GTN-P.





Observed and mean annual ground temperature (MAGT) at a depth of 15 m from 1978 to 2001 at a borehole at Alert, Nunavut, Canada. Monthly mean temperatures determined from data logger records are shown after July 2000 (from Smith et al. in press).








