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(GTN-P) of the Global Climate Observing System (GCOS) and Global Terrestrial Observing System (GTOS) - January 1999, IPA Ad-hoc Steering Committee�

Note: The following contribution is but a first attempt to pull together a draft plan.  It does not represent the collective contributions, consideration and consensus of the Canadian permafrost research/observing community.  The lead time and resources available prior to the C/GOSC workshop were not sufficient to allow for a fully consultative and thorough planning process.  This document is thus but a first step which the Canadian permafrost community must build upon. M. Burgess (GSC). 



1.	GCOS/GTOS RATIONALE AND REQUIREMENTS



Global warming is expected to be greatest over high latitudes and permafrost areas will be among the regions most heavily affected. Over half the Canadian land mass is underlain by permafrost, much of it at temperatures a few degrees from the melting point (Figure 1).  Predicted increases in mean annual air temperature of several degrees in northern latitudes will lead to thawing and destabilization of perennially frozen ground.  This permafrost degradation has important implications for landscape processes (terrain, slope and coastal stability), hydrology (surface and ground water regimes), surface characteristics (vegetation, albedo), greenhouse gas sources and sinks (peatlands, soils, gas hydrates), as well as for ecosystems, engineering and infrastructure.  An effective monitoring strategy will provide field observations essential for the detection of the terrestrial climate change signal and for the assessment of its lag and attenuation, as well as indications of the spatial variability of change across the Arctic.  This information is critical not only for the improvement of predictive models and the reliability of impact assessments, but also to further understand the sensitivity of permafrost conditions and processes to climate variability and change.



�

Figure 1

�

Canada’s permafrost zone spans many physiographic regions and represents approximately one third of the permafrost zone of the northern hemisphere.  Permafrost monitoring in Canada thus makes a  significant contribution to global climate observations in the cryosphere.



The two frozen ground parameters identified in the GCOS�-32 document as the minimum variables to monitor for permafrost are: 

 

i) active layer: specifically the thickness, and if possible the temperature (at 15 cm depth), of the seasonally freezing and thawing zone overlying permafrost; thickness to be determined at a minimum by soundings in late summer at the time of maximum thaw depth, through the installation of thaw tubes, or through temperature profiling

ii) permafrost thermal state: the temperature profile within perennially frozen ground at frequencies ranging from weekly to monthly in the uppermost 20 m below the permafrost table, and increasing to annually or every 5-10 years for depths greater than 20 m.  



A summary of the rationale and specifications for monitoring permafrost thermal state and active layer for GCOS are provided in ANNEX 6.  



Recommended Action Items Identified in GCOS-32:



Active layer

To take advantage of complementary measurements, the Circumpolar Active Layer Monitoring (CALM) protocol should be initiated at most of the 25 International Tundra Experiment (ITEX) stations and some Arctic long-term ecological research (LTER) and TEMS sites.  Where soil conditions permit, frost tubes should be installed.  To assure circumpolar distribution additional new sites should be established where gaps exist; it is expected that existing permafrost sites in Canada and the Russian Federation can be enhanced for this purpose.  Several new sites are required in the southern hemisphere including Antarctica. 

Select new sites where geographic gaps exist.  It is expected that many of the gaps will be in high-latitude� areas



Boreholes

Develop criteria for selection of key existing sites to recommend continuance;

Establish new sites where geographic gaps exist, including high-altitude areas;

Temperature measurements in the near-surface active layer (15 cm) and in boreholes greater than 20 m depth should both be implemented.





2.	CURRENT INTERNATIONAL PERMAFROST MONITORING ACTIVITIES



The identification, by GCOS/GTOS/TOPC in the GCOS Report 32 , of Permafrost Thermal State and Active Layer �as key cryosphere variables, lead GTOS to invite the International Permafrost Association (IPA) to help in forming a global network to improve and strengthen global capabilities for detecting, monitoring and predicting change in the active layer and permafrost.  A 12-country, 80- site network already exists under the IPA’s Circumpolar Active Layer Monitoring (CALM) network.  Borehole temperatures are also measured at 33 of these active layer sites. The European Community project Permafrost and Climate Change in Europe (PACE) has begun to instrument a series of nine boreholes in mountains from Spain and Italy to Svalbard. Other national programs observe temperatures in soils and deeper boreholes. 

 

�The Global Terrestrial Network for Permafrost (GTN-P)�

In 1998 the IPA thus established an ad-hoc steering committee to develop a strategy for the organization, implementation and management of a global monitoring network and service, the Global Terrestrial Network for Permafrost (GTN-P) for active layer and borehole temperature monitoring.  Membership in this committee includes:



Jerry Brown		International Permafrost Association

Wilfried Haeberli	Director, World Glacier Monitoring Service

Roger Barry		Director, World Data Center-A for Glaciology

Frederick E Nelson	Dept. of Geography, University of Delaware

Margo Burgess		Geological Survey of Canada



The GTN-P strategy document (see Appendix 1 for a detailed description of the strategy) was formally approved by the GCOS Steering Committee in Geneva, February 1999.  An initial global survey indicates that over 250 borehole temperature sites are presently being monitored and could be potential candidates for the GTN-P; sites are located in North America (Canada, Alaska), in the Russian Federation and in some high-altitude areas (Tibet Plateau, Tien Shan Mountains, European Alps). 



The important next steps in the GTN-P development will be:



letters of invitation from GCOS to key national and international organizations requesting recognition and formal involvement in the GTN-P; to form a basis for future support within national and multi-national projects;

continue update of inventory of available sites and evaluation in context of GTOS tiered structure; additional sites need to be identified where gaps exist in both hemispheres;

meeting at the International Conference on Cryosphere Monitoring, Puschino, April 20-23, 1999 to discuss : i) technical details of a coordinated program, building on CALM and PACE protocols (for measurement frequency, methods and quality control) and cooperation (data sharing, archive, quality control), and ii) organization within and among countries;

recommendations resulting from 3) above to be reviewed and approved by IPA and GCOS;

summary report to be prepared in 2000; summaries and interpretation of data would be prepared every 10 years thereafter.



Participation in the GCOS/GTOS network of sites enables an integrated suite of terrestrial variables to be observed, increases the significance of the measurements, facilitates direct use of the data by international organizations (Intergovernmental Panel on Climate Change (IPCC) and the Arctic Monitoring and Assessment Programme (AMAP)), and improves prospects for funding.  The GTN-P strategy document notes that all sites require logistical support and funding for equipment upgrades and maintenance. Additional boreholes sites require major investments. Presently, maintenance support is funded by short-term research projects. More substantial, longer-term commitments are required. Both national and International funding sources are required to sustain the GTN-P long-term measurements and related international scientific cooperation.



The IPA has also organized the systematic compilation and distribution of standardized data (not necessarily active monitoring sites), as part of the Global Geocryological Database (for further information see the IPA web site: http://www/geodata.soton.ac.uk/ipa.  A first release of the compiled digital permafrost data was published on its Global Geocryological Database CD-ROM in 1998.  Efforts are also being undertaken by the IPA to systematically rescue, collect and distribute data at risk of being lost, where institutes or programs have closed or significant depletion of research staff and resources has occurred(particularly in the Russian Federation).  The IPA has also compiled within the same framework, a circumpolar/northern hemisphere permafrost map at a scale of 1:10,000,000 and this could be used for GCM-validation in polar regions.



3.  ACTIVE LAYER DEPTH, AND SOIL AND GROUND TEMPERATURE MONITORING IN PERMAFROST AREAS OF CANADA



[ Note: This section is largely derived from an abstract of a paper to be presented at the International Conference on Monitoring of the Cryosphere, Pushchino, Russia, April 1999 by M. Burgess (GSC), C. Tarnocai (AGcan), M. Nixon (GSC), and F. Wright (GSC).  It updates aspects of the Barry (1995) status report on cryospheric observing systems in Canada ]



In the last 10-20 years Canadian permafrost field studies have increasingly included the systematic measurement of active layer depths and permafrost temperatures in undisturbed terrain.  Most research sites were established for specific local or regional investigations.  The greatest concentration of sites is in the Western Arctic Mackenzie Delta and Valley, due in large part to research associated with hydrocarbon exploration and development in this region.  Coincidentally the Mackenzie Region has also experienced the greatest air temperature increase in Canada in the last century.  There are also many sites in Northern Quebec established by Laval University; others are scattered throughout the remainder of the Arctic, from Baker Lake in the south to Ellesmere Island in the High Arctic and the Yukon Territory in the west.



Since 1991 Canada has contributed 20 sites to the IPA’s CALM (Circumpolar Active Layer Monitoring) network, although regional monitoring programs frequently include many more measurement sites.  For example, the Geological Survey of Canada’s active layer monitoring network in the Mackenzie Valley and Delta includes over 60 sites established in the last decade (Nixon et al., 1995; Nixon, in press) many of these are instrumented with air and ground surface temperature recorders, while several also have ground temperature cables.  The active layer depth at each CALM site is monitored using at least one of three methods: thaw tubes, probing on grids, or soil/ground temperature data.



Soil and ground temperature monitoring activities have also been ongoing in the last two decades, again with an emphasis on the Western Arctic (Tarnocai et al., 1995; Burgess and Riseborough, 1990; Burgess and Naufal, 1991).  Data is measured either by multisensor soil temperature probes to depths of 1.5m, or multisensor ground temperature cables generally to depths of less than 30m.  Data are recorded either manually or through multichannel dataloggers.  Currently some 62 Canadian sites, most of which are active, have been identified as candidates potentially eligible for the GTN-P, although this number could be revised upwards. 



Canadian databases on permafrost temperatures and thicknesses have been compiled by the GSC from data collected at several hundred sites (Figure 2a,b) although the majority of these sites are not currently active observing sites.  These databases and their derived ground temperature maps (Figure 1), as well as GSC’s map of permafrost distribution and ground ice conditions in Canada (Smith et al., in press), are important data sources along with active layer and thermal monitoring sites, for GCM model validations, permafrost sensitivity modelling and mapping (Smith and Burgess, 1998), and impact assessments. 



Required ancillary data from other agencies include air temperature and precipitation. Snow depth in particular is a very important factor in determining ground temperatures.  Yet it also varies considerably locally and is thus very difficult/expensive to measure intensively/extensively.  Some remote sensing work has attempted to use remote sensing time series data to relate the duration of snow cover to snow depth (within a limited region).��

Figure 2a: Location of ground temperature sites in the national database.





�

Figure 2b: Location of permafrost thickness sites in the national database.





�4.  CANADIAN CONTRIBUTIONS TO GCOS/GTOS GTN-P NETWORK



A map showing the location of the existing 62 Canadian permafrost thermal monitoring sites and 20 CALM sites proposed for the GTN-P is presented in Figure 3.  The 20 sites already included in CALM follow its data protocols and management.  The Canadian borehole temperature monitoring sites proposed for the GTN-P would likely adhere to the associated data protocols and management developed for the international program.  This GCOS/GTOS approved network would likely serve as a guide/template for any further development of a Canadian network.



The survey of candidate sites is not complete.  There has not been a systematic effort within the Canadian permafrost community to ensure that there is a central active comprehensive record of operating permafrost monitoring sites [ individual researchers� have been struggling to keep sites active in recent years of reduced funding].  There is no existing national permafrost monitoring network or agency with the mandate to undertake and/or coordinate permafrost monitoring activities.  The operation of those regional programs that do exist, whether within government agencies or through University research activities, has generally relied upon short term “soft” funding.  Thus, there has been no national� collaborative effort to envisage, design, coordinate and implement a truly national monitoring network. Undertaking such an exercise is necessary to enable i) a comparison with what is in place today, ii) a determination and prioritization of the gaps, iii) a discussion of standardized site establishment, data collection, servicing, data processing, management, accessibility and archiving, and iv) a more thorough assessment of associated costs.



�



Figure 3: Existing permafrost thermal monitoring sites proposed for GCOS/GTOS global permafrost monitoring network, and active layer monitoring sites in CALM network. Source: GSC 02/02/99.



�

The Canadian GCOS workshop and preparation of the draft C/GCOS plan provides an opportunity to begin to develop strategies and action plan for effective monitoring of the diverse thermal and terrain conditions in Canada’s vast permafrost regions.



Canada is thus currently contributing to GCOS by its participation in IPA’s CALM network, its involvement through the IPA ad-hoc committee in the development of the GTN-P, and its proposed participation in the GCOS/GTOS GTN-P. In addition to Canadian permafrost monitoring sites, the strategy and guideline documents for the GTN-P propose that Canada (through the GSC and with cooperation from Agriculture Canada - which maintains several northern soil climate sites) assume the role of coordinator for North America�.    



It is the hope of the Canadian permafrost monitoring community that, through these recognized international efforts (IPA, GCOS, GTN-P) and with domestic Climate Change Action Fund (CCAF) support, Canada can secure a commitment to the development, operation and maintenance of a comprehensive national permafrost monitoring network.



5.  POTENTIAL FOR REMOTE SENSING



To detect changes over a region, satellite remote sensing may be the only practical means to bridge the gap between in situ point measurements and areal averages, eventually expanded to regional scale studies. Satellite observations are usually for area averages (for areas 20-100m2 depending on the sensor and the surface variable), while ground observations are essentially point values. Passive microwave remote sensing data can be used to detect surface soil freeze/thaw status, thus providing information on the onset dates and the length of surface soil thawing  and freezing for both permafrost and non-permafrost regions. AVHRR and other visible remote sensing data can be used to detect thaw-lake surface change including the formation of new thaw lakes or thermokarst development as ground ice melts. Ground truth measurements are required to validate the results from these remote sensing techniques, as well as for aerial photography. Air photos at mutliyear intervals can be used to measure changes in permafrost slope stability by monitoring frequency and extent of landslides triggered or re-activated in relation to climate warming or due to increasing forest fire activity.



Research is being carried out in Canada within the CRYSYS project to develop means for mapping seasonally and perennially frozen ground, and associated features which would allow assessment of change in areal coverage in the future. C. Duguay (U. Laval) leads a key research effort to develop methods to map the spatial distribution of permafrost and associated phenomena using optical and active microwave imagery (Duguay and Lewkowicz, 1995). Ground truth data collection programs are being carried out at Mayo and Old Crow (Y.T.), Churchill (Manitoba), Fosheim Peninsula (N.W.T.), and Umiujaq (Quebec) to provide baseline data for developing satellite-based permafrost mapping methods (Leverington and Duguay, 1997), as well as for validating and improving spatially-distributed heat transfer models.  Plans are to use these models to investigate the effect of changes in air temperature and surface conditions on the thermal regime of the active layer and permafrost.



Investigations on the utilization of optical (Landsat TM and SPOT MLA/PLA) and active microwave (AIRSAR) imagery to map permafrost associated features, such as thaw slumps, active layer detachment slides, ice-wedge polygons, and thaw lakes, are also being conducted near Mayo (U. Laval), Ellesmere Island (Ottawa and Laval Universities), and Old Crow (U. Laval) . Multidimensional SAR configurations (i.e. multi-frequency, -temporal, -polarization, -incidence angle) are being used to improve the approaches developed thus far, so that permafrost maps of other sites in the discontinuous and continuous permafrost zones of Canada can be produced.  Finally, the potential of multi-temporal SAR data (ERS-1/2 and RADARSAT) for monitoring the seasonal freeze/thaw cycle of subarctic tundra and forest is being evaluated by Laval at the Churchill study site, with the intent of incorporating freeze/thaw maps into energy and water balance models.



�RADARSAT also holds considerable potential for applications in coastal areas as it yields reliable and timely information about sea ice and open water conditions, hydrologic characteristics, and surface texture properties of terrestrial areas.  A multidisciplinary project has been developed jointly by the Geological Survey of Canada and the Canada Centre for Remote Sensing to utilize newly developed remote sensing methods for coastal geology, permafrost and hydrology studies in an Arctic setting.  The Mackenzie Delta/Beaufort Sea coast region has been chosen as the primary research area.

 

The above techniques are still in the research stage, and applied at sub-regional smaller regional scale.  Therefore, it is too early to apply these methods to routine national monitoring of permafrost.  The international GTN-P strategy recognizes and allows for (Tier 5) the potential contributions of remote sensing monitoring, and such activities would likely eventually become future components.  The current GGCGS/GTOS strategy does not include any remote sensing component, but it would be desirable and is likely in the future that a Canadian permafrost monitoring strategy would tap into this field of expertise since remote sensing offers the potential for large scale monitoring over data-sparse regions.



6.  DATA ARCHIVE/RETRIEVAL  



Summary data from Canadian monitoring sites which are part of the CALM network are archived and accessible through the IPA’s Global Geocryological Database and its first CD-ROM “Circumpolar Active-Layer Permafrost System (CAPS)” available from the National Snow and Ice Data Centre.  They are also accessible on the CALM web site: http://www.geography.uc.edu/~kenhinke/CALM.  Similar metadata and data transfer procedures, and web site are being considered for the GTN-P permafrost thermal monitoring sites.



Data from sites that are not part of the CALM program or that are proposed existing permafrost thermal monitoring sites are currently accessible only through individual researchers or organizations.  There is no national data archiving or retrieval system.  As mentioned above the GTN-P strategy proposes that the GSC together with Agriculture Canada take on this coordinating role for Canada and North America, although resources necessary to establish and maintain such a capability/service currently do not exist.



7. 	MAJOR ISSUES AND RECOMMENDATIONS



Note:  This document represents a first attempt to pull together a draft permafrost plan.  By no means does it represent the collective contributions, consideration and consensus of the Canadian permafrost research/observing community. The Canadian community needs to build upon this initiative through its own future exercise/workshop.  This is particularly the case in so far as identification of gaps in the network, of recommendations and of resource requirements and of possible/needed partnerships and strategies to achieve the desired monitoring network goals are concerned.



7.1 Implications for Agencies



The Canadian Permafrost zone constitutes a significant proportion (about one third) of the northern circumpolar permafrost regions.  The absence of a national permafrost monitoring mandate and program, and the existence of regional gaps limit Canada’s ability to meet GCOS/GTOS needs in the long term.  There is thus a need for a commitment to a national mandate (federal government agency(ies)) that recognizes and ensures, through core programs and funding, the existence, maintenance and expansion of a coordinated national permafrost monitoring program.  Additional resources are essential.

�7.2 Recommended Action Items



2 yr Time Frame, 1999-2001:



A. Convene a follow-up Canadian permafrost workshop in 99/00 - estimated cost 20K



Sponsored by CCAF/CRYSYS/GSC and to be held in conjunction with a glaciers/ice-cap workshop, and in association with the annual CRYSYS meeting.



To engage the Canadian permafrost monitoring community in building on the strategy outlined in the Victoria draft plan and to put together the framework and action plan for the initial observation system requirements of a national monitoring network and service including:



the identification and criteria for prioritization of gaps (vast geographic/regional gaps exist; many geographic, climate, terrain, and permafrost conditions not all covered, regional variations are not being captured.)

assessment of the resources required to maintain and expand the network (instrumentation, logistics, servicing, data collection)

assessment of the resources to establish central data storage, archiving and retrieval, and communication

exploring and establishing partnerships for network operation and expansion (who are the important partners e.g. AgCan, DOE/AES, Parks, GNWT Hydrology and Universities, EMAN. and what is the status of their networks and contributions?)

consideration of additional variables (beyond active layer and permafrost thermal state) that could/should be part of a Canadian GCOS permafrost IOS plan



B.  As a consequence of discussions under A and of the documents coming out of the Victoria 99 GCOS meeting, determine how to enshrine the long-term nature of permafrost monitoring into departmental mandate(s) and/or core program(s)



C.  Canadian involvement in the International Permafrost Association's (IPA) committee on the  GTN-P (Global Terrestrial Network for Permafrost) -  99/00  - estimated cost $5K/yr



The international permafrost community looks to Canada for leadership and commitment in the establishment and operation of a global network and service.  In the next year this can in part be achieved through participation and attendance at IPA meetings to finalize development of operational, organizational and implementation details of the GTN-P which was approved by GCOS in Feb. 1999.



IPA 's GTN-P meetings will discuss prioritizing gaps internationally, setting data collection and data transfer and communication protocols, instrumentation and ancillary data requirements, and strategies for pursuing international and national support for the network.  The GTN-P will build upon existing CALM and PACE protocols.  



Canada, through its involvement in these international programs would likely adhere to the international standards. These GTN-P guidelines would form the basis for the development of a Canadian version of the GCOS-32 details of the recommended cryospheric variables for permafrost ( to be decided at the Workshop proposed in A above). 



Synthesis/outreach publication



1 ) “ What has happened to permafrost in Canada in the warm 90s?”  -  00/01   Cost $20K

The proposal relates to the 2 year objectives of both Feb 99 Victoria workshops (Arctic and C/GCOS).  It is proposed to undertake this synthesis in conjunction with glaciers/ice caps, and to form part of a broader cryospheric synthesis.



�2) Develop GSC "State of the Permafrost" webpage that would be linked into a state of the “State of the Cryosphere” page.    Cost $7.5K/yr

This page would summarize what we currently know, highlight important anomalies, and provide a basis for a regular annual update of the state of Canadian permafrost.



2-10 yr Time Frame:



A.   Secure National Mandate and Funding for the Initial Observation System (IOS): Permafrost monitoring as Canadian contributions to GCOS should be incorporated in core programs by the start of this 2-10 year phase.  This would include provision of a north American node for the GTN-P.  Would likely require submission, as part of a comprehensive Canadian GCOS plan, to Cabinet/Treasury Board to secure necessary funds.



The Permafrost Workshop proposed for 1999/00 will lead to a more comprehensive assessment of the costs associated with implementing and maintaining a Canadian IOS permafrost monitoring network.  A very preliminary estimate for the cost of the active layer component and the permafrost thermal temperature component would be on the order of $200K/yr.



B.   Plan and implement observation systems that go beyond the initial parameters of active layer and permafrost thermal state: GCOS goals also include providing observations to understand and quantify impacts of climate change on human activities and natural systems, as well as determining climate forcing resulting from changing concentrations of greenhouse gases and other anthropogenic causes.  Permafrost monitoring to meet these GCOS broader objectives must be expanded to include observations of the physical response of permafrost to climate change, such as coastal processes and landscape changes, as well as understanding and quantifying carbon sources in sinks in permafrost environments. ($60-100K/yr)   



C.  Remote sensing

Encourage the development and implementation of remote sensing techniques to extend point source monitoring to a broader spatial domain, and to complement thermal and active layer monitoring networks with monitoring of active geological processes in permafrost (e.g. such as slope, coastal, and surface terrain stability). ($60K/yr)

�
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�Table 1: Canadian Circumpolar Active Layer Monitoring ( CALM) Sites - Source: M. Burgess (02/99)
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A Strategy for the Global Terrestrial Network for Permafrost (GTN-P) of the Global Climate Observing System (GCOS) and Global Terrestrial Observing System (GTOS) - January 1999, IPA Ad-hoc Steering Committee



1.0 Introduction



The Global Climate Observing System (GCOS) and the Global Terrestrial Observing System (GTOS) invited the International Permafrost Association to join with them to help form a global network of active layer and permafrost sites for detecting, monitoring and predicting climate change. The World Meteorological Organization (WMO), the Intergovernmental Oceanographic Commission (IOC of UNESCO), the United Nations Environment Programme (UNEP) and the International Council of Scientific Unions (ICSU) established the GCOS in 1992. The GTOS is also sponsored by WMO, UNEP, and ICSU, but in addition has UNESCO and FAO sponsorship. GCOS and GTOS jointly sponsor the Terrestrial Observation Panel for Climate (TOPC) which developed a detailed plan - GCOS/GTOS Plan for Climate Related Observations (GCOS Report # 32). 



Permafrost measurements are particularly important for determining the long-term terrestrial response  to surface climate change. Permafrost monitoring for climate purposes is concerned with the temperature profile of perennially frozen ground (Permafrost Thermal State: PTS) and the thickness and temperature of the overlying  seasonally thawing and freezing soil (Permafrost Active Layer Thickness: PALT).  The regional to global representativeness of these observations in space and time may be tested by more numerous observations along climatic gradients, and by modeling approaches. 



Under the coordination of the International Permafrost Association (IPA), active layer and permafrost observations are being collected at about 80 sites in the Northern Hemisphere. Two international programs form the core of these observational activities: Circumpolar Active-Layer Monitoring (CALM) and Permafrost and Climate Change in Europe (PACE). Other national programs are observing temperatures in soils and deeper boreholes. Identification of existing sites and the development of new sites in the Southern Hemisphere are underway.



Active-layer depth and temperatures and deeper borehole temperatures are relatively easy to measure in the field once sites and boreholes have been established. For operational purposes boreholes are classified based on depth: surface (0-10m); shallow (10-25m); intermediate (25-125m) and deep (>125m). To date approximately 180 borehole sites have been identified as potential candidates for the Network. 



For climate purposes there needs to be sufficient number of permafrost sites to monitor variations in active layer conditions and ground temperatures in near-surface and deep boreholes in major permafrost regions of the world, and to provide ground truth to assess changes in permafrost-affected terrain by satellite measurements. Official designation as GCOS/GTOS sites can lead to substantial advantages for research groups or national agencies when requesting funding. By participating in an international network of sites, the significance and impact of measurements are greatly increased. Direct use of data by international organizations such as the Intergovernmental Panel on Climate Change is anticipated. Several nations have recently greatly curtailed observational activities, making the maintenance of existing measurements even more important at the regional and global scales.



2.0 Site Selection



The basic objective of site selection is to obtain sound regional and global coverage while taking maximum advantage of existing facilities. It is essential that the sites be carefully identified so as to meet the objectives of the GCOS and the GTOS in terms of the type of measurements and spatial as well as temporal coverage. The initial role of the active layer-permafrost network is primarily to assess and detect long-term climate change through its impact on the permafrost, particularly on a regional basis. The five-tier, hierarchical system for surface observations is briefly described below; a more complete generic description can be found in Version 2.0 of the GCOS/GTOS Plan for Terrestrial Climate-related Observations (GCOS Report # 32). It is also important to note that the tier structure is a classification system to aid implementation, not a rigid formula for implementation. All the tiers may not be necessary for a permafrost monitoring system. Rather, they are intended as a general guide for structuring the system. 



2.1 The GHOST Tier Structure



Tier 1:  These are major assemblages of experimental sites subject to intensive activities over large areas, are organized to emphasize detailed measurements and process understanding across environmental gradients. They should be located with a primary emphasis on spatial diversity. Capturing the range of the major types of permafrost terrain is a critical priority, but the location within the regions will be opportunistic.



Although all Tier 1 data and research findings are important to GCOS/GTOS, special attention should be given to long-term measurements. Tier 1 assemblages encompass sites distributed over large areas, and various adjustments are required before they can become part of a long-term monitoring programme. The long-term measurements will be a subset of those made during the initial experimental period, but the transition from intensive field studies to continuous monitoring requires careful planning. Several examples of climatic/ landscape gradients exist with the CALM network: Kuparuk River basin in arctic Alaska (U.S.), Mackenzie River (Canada), Lena River and Kolyma River basins (Russia). The PACE transect across the mountains of Europe to Svalbard is another example. These regional networks or transects are composed of nested sets of other observing sites that individually and collectively make up lower-level tiers.



Tier 2:  Tier 2 sites encompass permafrost-active layer studies within the major climatic zones. Ideally, Tier 2 sites should be located near the centre of the range of environmental conditions (though not necessarily near the geographical centre) of the region they represent.  Actual locations will depend more on existing infrastructure and logistical feasibility rather than on strict spatial guidelines, but there is a need to capture a broad range of climatic zones. The Toolik and Bonanza Creek LTERs in the U.S. and Zackenberg (ZERO) site in Greenland are examples. The "Tier 2 Facilities" are commonly surrounded by other sites in the same ecoregion or physiographic region, and may also function quasi-independently as Tier 3 facilities (see below)



Tier 3: Collectively, Tier 3 sites are intended to sample the range of environmental variation present in the permafrost system within a climatic zone or region. They are chosen to be representative "integrated mosaics" of local or landscape scale conditions (topography, vegetation, soils, etc.). They are well-located (georeferenced and surveyed) areas in and around which intensive monitoring and critical field experiments can be performed. The "well-located" aspect relates to the remote sensing applications, and therefore selection criteria include emphasis on size and position with respect to the environmental range, particularly in regions of discontinuous permafrost and mountains. This means that some of them will be close to the modal or midrange of the various environmental factors which make up the environmental range of the system, while others will be closer to the extremes. As a result, some permafrost terrain types may have more potential Tier 3 sites than are needed for GCOS/GTOS.  Other types may have too few sites, or none at all and thus GCOS/GTOS will need to work to stimulate efforts to enhance and balance the network. Agricultural research stations and experimental watersheds located in the permafrost regions are examples of sites to be included. The Murtel/Corvatsch high altitude experimental area in Switzerland and the Caribou-Poker Creek Research Watersheds in central Alaska can be considered examples.



Tier 4:  At this level, spatial representativeness is of the highest priority. The locations of Tier 4 sites should be based on statistical considerations. It is impractical to prescribe one statistical design for all regions or countries. Hence, individual participating organizations would be responsible for locating the sites based on general guidelines, and may choose either a systematic or a stratified-random approach (or a combination, depending on the permafrost conditions and terrain types). The latter approach requires an a priori location specification, but permits rejection of the site and resampling out of the same population if the site is inaccessible or if sampling at the site would compromise national interests. 



Sites falling within Tier 4 are areas of very limited extent (perhaps one hectare or less). Land-cover category (vegetation and soil) is the best criterion for selection and can be "satellites" of the Tier 3 constructs. Rock glaciers could be considered in this tier. For active layer measurements to be most effective, they should be actual components of the Tier 3 facility, for example 100 x 100 m grid cells or smaller plots on the larger CALM grids. Individual plots in study areas would also qualify as Tier 4 sites, with the entire collection of plots constituting a Tier 3 entity. 

 

For the permafrost borehole network, long-term observations of temperatures in boreholes (25- to 125 m depths) within major lowlands, uplands and mountain regions are required and should be selected ideally according to permafrost occurrence based existing maps or models that predict distribution of permafrost. 



Tier 5 : To detect changes over an area (or region), satellite remote sensing may be the only practical means to bridge the gap between in situ point measurements and areal averages, eventually expanded to regional scale studies. Satellite observations are usually for area averages (for areas 20-100m depending on the sensor and the surface variable), while ground observations are essentially point values. Passive microwave remote sensing data can be used to detect surface soil freeze/thaw status, thus providing information on the onset dates and the length of surface soil thawing and freezing for both permafrost and non-permafrost affected regions. Using a combination of conventional synthetic aperture radar (SAR) backscatter and more sophisticated interferometric SAR (INSAR) techniques, the magnitude of surface differential deformation (frost heave and thaw settlement) can be determined on an order of less than a centimeter. Combined with in situ measurements, such as at CALM sites, regional active layer thickness can be estimated from these INSAR data. AVHRR and other visible remote sensing data can be used to detect thaw-lake surface change including the formation of new thaw lakes or thermokarst development as ground ice melts. Ground truth measurements are required to validate the results from these remote sensing techniques, as well as for aerial photography. Remotely sensed observations at mutliyear intervals can be used to measure changes in permafrost slope stability by monitoring frequency and extent of landslides triggered or re-activated in relation to climate or due to increasing forest fire activity. Observations of active layer detachment slides in the Mackenzie Valley, Canada, are examples of this application.



Preparation of data products from satellite measurements must be based on a long-term program of data acquisition, archiving, product generation, and quality control. Discussions are now underway in the Committee on Earth Observation Satellites (CEOS) to set up such a system. In particular, coordination is needed with the Global Land Ice Monitoring System (GLIMS) project which will map changes in the areas of selected glaciers worldwide and thus contribute observations of adjacent permafrost areas.



2.2 Guidelines for participating sites



 The following criteria apply:



Each participating country should identify sites representative of its own permafrost longitudinal, latitudinal and altitudinal permafrost zones;

Collection, documentation, and distribution of appropriate data should be insured on a sustained and timely fashion; and 

Generally accepted, well-documented methodologies should be employed.



Sites in under-represented systems should have priority over already-represented systems. Existing sites are preferred over sites without instrumental or observational records. Given similar rankings on other selection criteria, priority should be given to:

 

Sites at which research is also performed;

Sites with long observational records;

Sites with long-term funding commitments; and 

Accessible, practical sites.



3.0 Data Policy



3.1 Accessibility



For a global observing system to be successful, all data from a site must be freely available and open to outside users. It is important that individual researchers who collected the data be able to do quality control and initial analysis before data are released. Initial summary data should be made available via the Internet by the end of the calendar year following their collection. The participating sites should make data available through established national or international programs such as CALM and PACE, and ultimately archive them in the Global Geocryological Database at one of the regional WDC data centers. Data are to be submitted employing procedures used in preparation of the IPA CD ROM Circumpolar Active-Layer Permafrost System (CAPS); i.e. digital format with appropriate metadata documentation. Sites must also agree to make historical data available. Well-documented methods are required and to be made freely available, so that any user can easily determine the techniques used for collection and processing. The method description need not necessarily be published on the Internet, but the method must be published in an easily accessible, and preferably refereed publication. 



3.2 Data quality 



Data quality procedures should be performed by providers before submission and following standard accepted practices. Information resulting from this process should accompany the data sets as part of the accompanying metadata, along with relevant instructions as to the proper use of data sets. 



4.0 Current Status of GTN-P



The Circumpolar Active Layer Monitoring (CALM) network is currently coordinating observations and data processing and archiving of active layer measurements at over 80 sites in the Northern Hemisphere. Boreholes exist at 33 of these sites. The EU Permafrost and Climate in Europe (PACE) project is coordinating installation and measurement of borehole permafrost temperatures at nine sites from the mountains of southern Europe to Svalbard. The CALM and PACE sites can be provisionally assigned to the proposed hierarchical concept of tiers with a number of them nested in Tier 1 transects. In addition, soil temperatures to 3-meter depth have been observed at hundred of permafrost-dominated, hydro-meteorological sties in Russia, China and Mongolia over the past century. Processing of selective station data is underway for Russia.



Identifying critical gaps and developing guidelines for participation in the network would ensure that GCOS/GTOS needs are met. The initial role of the permafrost network is primarily to detect long-term climate change through its modification on active layer thickness (PALT) and permafrost thermal regime (PTS), particularly on a regional basis.  Table 1 presents the number of existing CALM and accessible borehole sites by depth class per country.  Not all PALT and PTS sites have been identified. Initial selection were made on the basis of sites being part of existing national programmes; new sites should be selected on the basis of spatial representativeness . Two broad categories of sites are required for distribution across the 20 map unit classes identified on the IPA circum-Arctic permafrost and ground ice map: (1) lowlands and uplands, and (2) mountains. Ground temperatures to a minimum depth of approximately 25 meters are required to observed a climate signal. A comprehensive network of at least several hundred sites comprising both active layer and borehole measurements representing Tiers 1 to 4 should be established. This network will cover major lowlands, uplands and mountain ranges of the world. While the foundation for the GCOS/GTOS permafrost network has been laid much work remains to be done to formalize the network and then to ensure its long-term operation.









�Table 1. Summary of Initial Survey of Active Layer (CALM) and Permafrost Boreholes Sites by Country (compiled by Jerry Brown; January 1999)



�CALM sites��Boreholes����Country��Surface�Shallow�Intermediate�Deep����(0-10m)�(10-25m)�(25-125m)�(>125m)��Austria/Russia�1������Canada�20�9 (1)�36 (2)�14�3��China�2��3 (1)�12�1��Denmark/Greenland�3������Italy�3�1 (1)�1P�1P���Kazakhstan �1��3 (1)��1��Mongolia��2�2�11�2��Norway����1P���Norway/Svalbard����1P���Poland/Svalbard�1������Russia�23��18 (9)�12�11��Spain����1P���Sweden�1���1P���Sweden/Svalbard�1�2 (1)�����Switzerland�1��1P�6 (3P)���USA/Alaska�25�4�1�22 (8)�21 (6)��USA/Antarctic�����1��USA/Greenland�����1��

P=PACE borehole; ( ) number of boreholes associated with CALM sites



Guidelines for Operation of the Global Terrestrial Network for Permafrost (GTN-P)

 

The network will be coordinated and managed through the International Permafrost Association and its administrative officers and members of relevant working groups and standing committees. See the IPA web site for membership and other operational details: http://www.geodata.soton.ac.uk/ipa



A consistent, tiered strategy for identifying and selecting sites will be developed in 1999 under the leadership of the IPA Working Group on Global Change and Permafrost (F.E. Nelson and J. Brown) and in consultation with GCOS/GTOS/TOPC. The conference on Monitoring the Cryosphere to be held in Pushchino April 20-23,1999, will result in the initial framework. The IPA Executive Committee will meet in late April in Copenhagen and consider the next steps and responsibilities for implementation.



The global network initially consists of two major components: 



(a) Circumpolar Active Layer Monitoring (CALM): The initial 80-site, Northern Hemisphere network will be expanded over the next several years (1999-2001) to include more sites with measurements on grids and those equipped with data loggers and/or thaw tubes including sites in Antarctica. These will include the active Russian, Mongolian and Chinese soil temperature meteorological stations. Although, CALM is primarily an active layer monitoring network; boreholes are co-located on 33 CALM sites. Installation of boreholes at other CALM sites will be encouraged.  Data processing, web site development and some field support is currently supported by the U.S. National Science Foundation through a five-year grant to the University of Cincinnati. List of current sites and summary data since 1991 are available on the CALM web site: http://www.geography.uc.edu/CALM 



(b)  Regional borehole programmes:



Europe: The EU Permafrost and Climate in Europe (PACE) consisting of a total of nine automated borehole sites will be operational by late 1999. Coordination is through University of Cardiff . A continuation proposal under the Fift Framework is planned. More information of PACE is available of its web site: http://www.cf.ac.uk/uwc/earth/pace/



North America:  Both the United States and Canada have several governmental and university-based programs that monitor boreholes at various depths and frequencies. These are mainly within the U.S. Geological Survey, the Geological Survey of Canada, University of Alaska, and Laval University. The GSC, with the cooperation of Agriculture and Agri-Food Canada, will be seeking funds to coordinate data collection from North American borehole sites through a proposal to Canada's Climate Change Action Fund, and will assist in methodological and data criteria for other regional programmes . A common web site will likely be developed for reporting the international borehole database. 



Eurasia: For mountainous regions, the IPA Task Force on Mapping and Distribution Modeling assisted by the Executive Committee will further identify sites and responsible organizations and programs in Russia, China, Mongolia, Kazakhstan and other countries with mountain permafrost. Additional sites in Russia are being identified by various organizations and individuals.



Southern Hemisphere: For Antarctica, IPA through its S.H. Working Group will establish agreements with National programs and projects to identify and share data from existing and new sites.  Other sites in the Southern Hemisphere with seasonal soil freezing and thawing and permafrost will be identified and selected for the Network.



Data protocols and management: Metadata and data transfer procedures developed and utilized for the Global Geocryological Database and its first CD-ROM Circumpolar Active-layer Permafrost System (CAPS) will be employed (the CD- ROM is available from the National Snow and Ice Data Center at nsidc@kryos.colorado.edu, and the metadata can be accessed on line). Both CALM and PACE web sites provide detailed information on methods, sites, and data. Data are received annually from their respective network sites. Summary data are on their web site for all users. Seamless links among CALM, PACE and GTN-P will be available.



Communications and Reporting: All investigators have email. Field data is submitted electronically or by paper copy to responsible network data compilers. Annual active layer summaries of data have been published in the IPA News Bulletin Frozen Ground and on IPA and CALM web sites. Reports are provided at scientific conferences, including site papers; a CD at five-year intervals is published for the International Conference on Permafrost. A report issued every five years, starting in the year 2000, will document sites, measurements, and assess trends over the preceding decade. The IPA Standing Committee on Data, Information and Communication will play a central role in these data and communication activities. 



Financial Support:  Most support is provided from national sources for specific national activity or regional programs. Both PACE (EU for 3 years) and CALM (NSF for five years) will seek periodic renewals. It is anticipated once the GTN-P is approved, responsible individuals will apply for funding to manage the specific activities and overall coordination. Our experience with CALM, GGD and PACE suggest that anticipation of future funding prospects are realistic. This includes approval and funding for the permanent archiving of data under the GGD. IPA, from its limited annual, dues-derived budget provides limited funding to facilitate coordination and communications, particularly with Eastern European activities.



All sites require logistical support and funding for equipment upgrades and maintenance.  Additional boreholes sites require major investments. Presently, maintenance support is funded by short-term research projects.  More substantial, longer-term commitments are required. Both national and International funding sources are required to sustain the GTN-P long-term measurements and related international scientific cooperation.
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