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�
1. INTRODUCTION





Snow cover has a number of important physical properties which exert an influence on climate, notably, its high albedo, low heat conductivity, latent heat of fusion and low surface roughness.  It plays an important role in the  global and regional energy, water and carbon cycles through its influence on surface exchange processes, including snow-vegetation-albedo feedbacks, promotion of cold surface temperatures and low-level temperature inversions, the links between snow cover and atmospheric circulation, the insulating effect of snow on land and ice and the associated seasonal variations, the storage of precipitation as snow and ice and the subsequent release as meltwater runoff affecting water supply and soil recharge, and its influence on runoff particularly in regions of frozen ground and permafrost often contributing directly to floods. In mountain regions, snowpacks are a primary water resource both locally and for neighbouring semi-arid areas (such as Central Asia and western North America) and a major economic base for tourism. Accurate representation of the annual seasonal cycle of the cryosphere on land and of the associated cryosphere-climate interactions are critical. 





Snow cover is considered to be an effective climate integrator and a useful component to monitor since it responds to both temperature and precipitation.  Snow covered area is expected to retreat in response to global warming. However, it is not so clear what other aspects of the snow cover may do.  For example, Brown (1999) documented a long-term increase in cold season SWE over NA during the 1915-1997 period in response to increasing snowfall.  As outlined in Goodison and Walker (1993) there are many important aspects of a snow cover which can be monitored.  These include: SWE at peak accumulation, time of peak SWE accumulation, number of days with continuous snow cover, date of melt onset, frequency of winter thaw events to name a few.  Warming would also be accompanied by increased frequencies of mixed precipitation and rain-on-snow events which have implications for snowmelt, snow depth and snow density.  Effective monitoring of these properties requires the integration of both in situ and remotely sensed data.





2.  SNOW DEPTH





2.1 GCOS Requirements





Point measurements of daily snow depth at existing climate and synoptic stations (GCOS surface network).  Accuracy/precision required: ±2 cm at depths up to 20 cm; ±10% of absolute at depths greater than 20 cm. 





2.2 Canadian Activities





2.2.1 AES Daily Snow Depth Observations





Manual observations of the daily depth of snow on the ground have been made at most synoptic stations since the 1950s. Manual snow depth observations are made with a ruler and an average value reported to the nearest inch (Potter, 1965).  Values were reported to the nearest cm following the introduction of metric units around 1975.  For some statistics such as the number of days with snow depth greater than a certain depth threshold, the change to cm in 1975 was found to introduce an inhomogeneity if care was not taken in the selection of threshold values (Brown and Goodison, 1996).





Daily and weekly snow depth data recorded prior to 1955 are not included in the AES digital climate archive. The daily observation program was extended to climatological stations in the early 1980s which quadrupled the number of observations in 1981. Previously, snow on the ground only was required to be measured and reported on the last day of the month, although many observers unofficially recorded depth every day. The current station distribution for reporting daily depth of snow on the ground is shown in Figure 1. 





�EMBED Unknown \s���Figure 1:  Current network of stations observing daily depth of snow on the ground (DLY04 element 013).  Source: T. Allsopp 15/02/1999





Daily and weekly measurements extend back to the 1930s at some stations (Brown and Braaten, 1998). These and some missing data from Arctic sites were digitized under a data rescue effort supported by the CRYSYS project.  The rescue also included the filling of missing data from a method using daily snowfall and temperature data.  These data have been placed on CD-ROM and a beta version distributed to the Canadian snow community.





With the transfer of airport observations to NAVCAN, there has been a noticeable decline in the number of stations reporting daily snow depth (Figure 2) - the number of stations reporting in 1996 and 1997 was ~80% of the 1981-1994 average.  Further erosion of the daily snow depth reporting network has occurred with the installation of READAC system autostations which do not interface with available automated snow depth sensors. This has resulted in the termination of the daily snow depth record at some locations with long periods of record e.g. Dorval A. The C-S automatic snow depth sensor is capable of providing data within the accuracy limits of GCOS provided there is careful QC of the data.  A criticism is that the auto sensor only measures at “one point”, such that careful site selection is essential.  Airport sites are often windblown, hence a variable snow depth can be recorded.  The sensor will provide measured changes in the depth, including decreases in depth due to metamorphism and increases or decreases due to redistribution.  Both are natural phenomenon not always recorded using manual methods and this consistent high temporal resolution data is extremely useful for the validation of physical snow process models.





�





Figure 2: Number of stations with > 80% non-missing January daily snow depth data in the AES Climate Archive expressed as a percentage of the 1981-1994 mean (a value for 1998 could not be calculated as data from B.C. and Québec were not incorporated in the AES DLY04 archive as of 12/02/99.  Source: R. Brown, AES.





Data quality - Brown and Braaten (1998) carried out a detailed QC of Canadian daily snow depth data by comparing daily changes in snow depth against reported snowfall and temperature data following Robinson (1989).  The results revealed that the daily snow depth data were on average > 98.5% consistent with expected values.





Importance of data - The daily snow depth data set is used for a multitude of applied uses e.g. roof snow load computation for building code, snow clearing contracts, winter survival of crops, biological studies, calculation of forest fire severity. Within the research community the data are routinely used for validation of satellite algorithms (e.g. prairie SWE map prepared by Climate Research Branch) and for validation of the snow component of land surface process models e.g. CLASS.  The Canadian daily snow depth data have also been used to reconstruct snow covered area to document snow cover variability and to extend the satellite record back in time (Brown and Goodison, 1996; Brown, 1997).





Major Issues:





elimination of daily snow on the ground measurement at many autostations


lack of familiarity with automatic sensor and its capabilities; need to develop and apply objective techniques to derive accurate daily snow depth; need to train people on proper interpretation of the data; need to develop graphical displays for effective interpretation of data


termination of manual observations at NAVCAN sites (affects stations with long records)


loss of real time daily observations inhibits development, validation of complementary remote sensing methods


slow updates of data in AES national archive (e.g. data for Jan. 1998 incomplete as of Feb. 1999 - this limits the ability to monitor snow cover on a timely basis).


Canadian snow depth data have not yet been provided as an official contribution to GCOS (NSIDC have some data but they only go up to 1982).


Poor data coverage in mountain and northern areas





2.2.2 CMC Daily Snow Depth Analysis





The Canadian Meteorological Centre introduced a new, more physically-based daily snow depth analysis in 1998 (Brasnett, 1999). CMC NWP models use the snow depth analysis to infer information on snow cover fraction and albedo. The analysis ingests snow depth observations included on all synoptic reports, meteorological aviation reports and special aviation reports. The analysis is updated every 6 hours using the method of optimum interpolation.  The effect of elevation is included in the interpolation to avoid smearing information over inappropriate elevation ranges. Precipitation forecasts (6 hour) from the CMC global model are used to estimate the new snow accumulation between analysis times.  The precipitation is assumed to be snow if the analyzed screen-level temperature is <0°. A melting algorithm removes mass from the snowpack at the rate of 0.15mm SWE per hour per degree K for air temperatures above freezing.  A simple snow aging scheme is included.





The CMC analysis differs substantially from the NOAA snow cover product as it is based solely on in-situ daily snow depth observations, with spatial and temporal continuity provided through the temperature and precipitation fields generated by the CMC global NWP model. An important point to note is that only a fraction of the total network reporting the depth of snow on the ground contributes to this product.  An example of stations contributing observations on January 14, 1999 is provided in Figure 3.  It should be noted that the CMC analysis relies on synoptic stations and these are the ones most affected by automation and loss of ancillary climate observations.  The potential usefulness of this product to GCOS lies in the objective methodology for interpolating snow depth observations.  This approach could be applied to grid historical snow depth data for studies of climate variability and change.  The approach could also serve as a useful mechanism for merging in-situ and remotely sensed snow depth data.  The CMC product has been found to compare well with the NOAA/NESDIS daily snow cover map, and in some cases to out-perform it, particularly along the snow edge over eastern NA.
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Figure 3: Distribution of stations reporting daily snow depth in synoptic messages for January 14, 1999.  Source: B. Brassnet (CMC)





Major issues:





the snow depth data network used in the CMC snow depth analysis over Canada is the  most adversely affected by automation and changes in observing priorities


lack of understanding of new methods of measurement and interaction with staff with measurement expertise hinders effective use of observations e.g. without appropriate real-time QC, snow depth sensor measurements can give what appear to be spurious readings


there are insufficient snow depth observations in mountainous and northern areas





2.2.3 AES Snowfall Observations





Snowfall is the depth of freshly fallen snow which accumulates during the observing period.  It has been traditionally measured with a ruler.  At manual climate T&P stations the depth of new snow is measured at each observation (generally twice per day) and the snowfall water equivalent is estimated assuming a fresh snowfall density of 100 kg m-3 at all Canadian stations. At principal and synoptic stations snowfall is measured every 6 hours and recorded separately from the precipitation measurement.  Introduction of the manual Canadian Nipher shielded snow gauge allowed for independent measurements of snowfall and solid precipitation. Prior to putting the Nipher gauge in service, the snowfall observation was used to estimate precipitation at climate stations. 





The network for snowfall measurement has been adversely impacted by automation of principal and climate stations. The automatic snow depth sensor was not designed, nor intended, to measure snowfall over hourly intervals or even 6-hourly intervals.  Records from auto stations are now being analysed to assess the potential for determining snowfall for less than daily intervals.  BUT, this measurement has been effectively lost at all auto stations.  If precipitation is not measured then there is no way to estimate snowfall. This availability of this measurement is directly related to changes from manual to automatic stations and the decreasing observing network.





Major issues:





automation results in a loss of the measurement of freshly fallen snow; procedures to extract information from auto sensors for short time intervals must be investigated.


new data presentation and interpretation methods involving multiple elements, such as precipitation, snow depth, temperature, wind would allow better QC, and improved interpretation of weather conditions and type of precipitation  





2.2.4 AES Solid Precipitation Measurements





Solid precipitation is covered in the TP network discussion of the Atmosphere Plan, but it is also included here to highlight the cross linkages.  Reliable snowfall precipitation data (i.e. adjusted for systematic errors) are essential for monitoring and understanding key components of the cryosphere such as snow covered area, snow water equivalent and glacier mass balance.  For example, snowfall precipitation data are required for GCM, RCM and LSP snow model development and validation.  However, if such data are not adjusted for systematic errors, incorrect conclusions can be reached about model performance.  Elimination of systematic errors in precipitation is a major action item of GCOS and associated WCRP initiatives; the largest measurement errors are associated with solid precipitation (wind undercatch). AES has made a major contribution to quantify and develop procedures to address these errors through its own research programs and through its leadership and coordination of the WMO Solid Precipitation Measurement Intercomparison (Goodison et al., 1998). The results of these studies have been applied to correct 6-hourly precipitation series for sites in Canada with Nipher gauges and associated hourly meteorological observations.  The results have also been incorporated into an adjustment  procedure for daily precipitation data from volunteer stations which was applied to investigate variability and trend in Canadian snowfall data (Mekis and Hogg, 1999).  There is a continuing need  to investigate the accuracy and associated random and systematic errors of Canadian precipitation measurements, especially for the different automatic gauges used in Canadian networks. Goodison et al. (1998) document the limitations and errors of automatic gauges, errors which have serious implications for acquiring accurate estimates of winter precipitation in Canada.  Related of course is the problem of the availability and accuracy of archived data from auto stations.    





The biggest issue with snowfall precipitation  in Canada at the moment is the degradration of the observations (accuracy, timing, decreasing network, loss of measured snowfall) associated with automation.  This process has caused major analytical challenges for the cryospheric community. For example,  automation of the Banff observing station has had a significant negative impact on the ability to monitor and model glacier mass balance in that area. There is no easy solution to this problem as no currently available automated sensor has been able to meet initial AES standards. Adding to the difficulties of the cryospheric community is the modification of observing programs essential for climate related studies without adequate consultation with the user community on their needs.  The needs of weather and climate are different, the accuracy requirements of the latter often being more rigorous than the former. 
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Major Issues:





automation of observing stations has had a negative impact on the availability and accuracy of winter precipitation measurements throughout the country; accurate all season precipitation measurement is an essential ingredient of  any global and Canadian observing system. 


measurement of wind speed at gauge height at autostations is recommended, allowing application of adjustment procedures for gauge undercatchongoing, targetted studies to determine measurement errors of new automatic devices is essential to allow development of adjustment procedures to produce a consistent time series of precipitation measurements.


recognition of the different needs of the climate/cryospheric community and weather service requirements.





3.  SNOW COVERED AREA





3.1 GCOS Requirements





Daily snow cover at 25 x 25 km resolution





3.2 Canadian Activities





Canada is not explicitly required to provide snow covered area information in support of GCOS as this information is being provided on a hemispheric scale by the NOAA/NESDIS operational  product.  However, there are several activities where Canada generates important information on snow covered area which contributes to GCOS objectives and addresses regional needs for snow cover information under all-weather conditions.  First, research carried out by Climate Research Branch as part of  the CRYSYS project (Brown and Goodison, 1996; Brown 1997) has used in situ data to extend the NA monthly snow cover extent record back to 1915.  This information is important for climate change detection, for documenting and understanding interannual variability in snow cover, and for validation of GCM climate simulations.  Second, regional SWE mapping over the Canadian prairies with passive microwave has generated ~20-year weekly time series of high quality SWE and snow cover area information for model validation activities. It is planned to use this multi-year regional dataset in AMIP II for validation of GCM snow cover simulations.





4. SNOW WATER EQUIVALENT





4.1 GCOS Requirements:





Satellite:


Daily; 25 x 25 km; accuracy ±20 % of absolute





Snow courses:


Bi-weekly at courses representative of terrain and land cover within the vicinity of the GCOS surface network.  Accuracy +/-5 mm up to 100 mm; ±10 mm for greater than 100 mm. 





GCOS Action required: 





Assemble archive of station data from Eurasia and North America from beginning of records with associated metadata;


Implement SWE products containing optimal blend of satellite and surface data.





4.2 Canadian Activities:





4.2.1 Snow Course Observing Network:





Snow course observations are made by AES, provincial water resource agencies and hydroelectric companies.  Many water authorities only take snow course observations during the second half of water year to monitor peak SWE prior to melt (NB these do NOT meet GCOS requirements for regular observations).  Up to 1985 AES coordinated the collection of data from across Canada and published Annual Snow Cover Data summaries (published from 1955 to 1985).  The CRYSYS project initiated a data rescue project to digitize and standardize all the snow course observations published in the AES book summaries and to merge these with digital data submitted by collecting agencies and organizations.  The project was completed in 1997 (Braaten, 1997) and a beta-version CD-ROM circulated to the Canadian snow community for evaluation.  A revised version of the dataset has recently been completed and is planned for release in 1999. After 1985 there was a steep decline in the amount of data sent into AES due to closure of snow courses and to an erosion of contacts between AES and other data collection agencies (Figure 4).  At peak levels in the early 1980s, there were over 1700 snow course observations made in Canada.  This number had declined to around 800 in the early 1990s. The steady decline in the number of AES snow course observations since the mid 1980s is highlighted in Figure 5. The spatial distribution of snow courses with at least 10 years data is shown in Figure 6.  In spite of its spatial and temporal limitations, the Canadian snow course dataset would represent a major contribution to GCOS  that could be merged with U.S. data to generate continental-scale information.
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Figure 4:  Temporal distribution of observations and snow courses in the Climate Research Branch/CRYSYS digital snow course dataset.  The steep decline in 1985 coincides with the curtailment of a nationally coordinated effort by AES to collect and publish snow course data.  Declines after 1985 are related to snow course closures and to an erosion of data transfers between collection agencies and AES.
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Figure 5:  Variation in number of AES snow courses in CCRP database over the 1986-1994 period.  Values from Environment New Brunswick (ENB) and Indian and Northern Affairs (INA) are included for comparison. Source: R Brown, AES.
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Figure 6:  Spatial distribution of snow courses with at least 10 years of data in the CCRP digital database. From Braaten, 1997.





Snow course networks operated by other agencies are also declining due to budget pressures.  For example, Manitoba Natural Resources have essentially replaced their winter snow surveys (normally done in mid-February and mid-March) with airborne gamma derived SWE values provided by the U.S. National Weather Service, for flight lines centred on the Manitoba snow course sites.  DIAND in NWT and Yukon have reduced their snow surveys in recent years - this compounds the problem of limited SWE information for the northern parts of Canada.





Importance of Data:





Snow course data are used by collecting agencies for water resource operations and planning e.g. flood and drought forecasting, soil moisture recharge, water supply,  and reservoir management. The data are also used by the climate research community in regional water budget studies (e.g. GEWEX/MAGS), for validation of satellite SWE algorithms and physical snow models, and for generating climatological information on SWE and snow density for validation of climate model output.  There are a limited number of snow course sites with 30 years or more of continuous data for climate monitoring purposes.  However, this is an area that has not received much attention in Canada to date. Conventional snow course data collected at sites representative of regional land cover/terrain are essential for the development and on-going validation of remotely sensed products.  Snow courses in alpine zones and other areas where remote sensing has not yet proven to be effective are required.  A limitation of some AES courses was their location at windblown airport sites, not always located in a representative regional site. Site maps, including the type of survey equipment used are essential for accurate analysis of SWE. Biases in measurement for different survey equipment are known and appropriate adjustments can be applied.





Major Issues:





there is currently no mechanism in AES to coordinate, QC and maintain a national snow course database despite the willingness of the collection agencies to provide their data in digital format


there is no program in AES to digitize AES snow course observations


the AES snow course network has declined rapidly during the 1990s in response to cost cutting (current cost is ~ $600-$800 per course over an entire snow cover season); AES operated the only national network.


little effort has been made to prioritize snow course sites for climate monitoring purposes


with the loss of precipitation and snowfall measurements at auto stations accompanied by the loss of snow course measurements,  SWE cannot be reliably determined throughout much of the country. 





4.2.2 Remote Sensing of Snow Water Equivalent





4.2.2.1 Passive Microwave





Climate Research Branch, Atmospheric Environment Service, has been developing methods to validate and apply passive microwave satellite data to determine snow extent, snow water equivalent and snowpack state (wet/dry) in Canadian regions for near real-time and operational use in hydrological and climatological applications since the early 1980s.  Goodison and Walker (1995) provides a summary of the program, its algorithm research and developments, and future thrusts.  For the prairie region, a snow water equivalent algorithm was empirically derived using airborne microwave radiometer data (Goodison et al., 1986), and tested and validated using Nimbus-7 SMMR and DMSP SSM/I satellite data (Goodison, 1989). Since 1989, the Climate Research Branch prairie SWE algorithm has been applied to near-real time SSM/I data to generate weekly maps depicting current SWE conditions for the provinces of Alberta, Saskatchewan and Manitoba in western Canada (see Figure 7 for example). The maps are disseminated by fax machine to water resource agencies and meteorological offices throughout the prairie 
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�


Figure 7:  Example of prairie SWE map product for 2 extreme years; drought conditions in 1988 and flood conditions in 1997.  These maps from part of a 20 year SWE time series which has been developed for the prairie region.  Source: A. Walker (AES).


�
region, where they are used to monitor snow cover conditions, plan for field surveys, and make forecasts regarding spring water supply conditions, including potential flooding or drought.  In the winter and spring of 1997, the maps were particularly useful for monitoring the high SWE conditions in southern Manitoba and North Dakota preceding the devastating Red River flood (Warkentin, 1997).  The prairie SWE product has undergone detailed long-term validation and the accuracy has been determined as +/- 10 mm compared to in situ measurements and airborne gamma derived SWE (over relatively uniform terrain).  It is planned to use this data set to evaluate GCM AMIP II snow cover simulations.





A recent enhanced version of the algorithm includes a wet snow indicator (Walker and Goodison, 1993) which provides the capability to discriminate wet snow areas from snow-free areas and hence to provide a more accurate retrieval of snow extent during melting conditions.  The Climate Research Branch prairie SWE algorithm has been applied to Nimbus-7 SMMR and DMSP SSM/I data to create a 20 year time series of maps depicting winter SWE conditions over the Canadian prairie region, for the purpose of investigating seasonal and interannual variability in support of the Branch’s climate research activities in assessing climate variability and change.  An atlas of prairies SWE maps from 1978 to 1986 was published by Walker et al. (1995). 





Analysis of data acquired during the BOREAS winter field campaign in February 1994 showed that a microwave vertically polarized difference index (MPDI) for 18 and 37 GHz, such as currently used for prairie SWE retrieval, can also be used to estimate SWE in a forested environment. Since the index is strongly sensitive to land cover, three separate algorithms have been developed for deciduous and coniferous forest, and open areas. Results from initial application of the forest algorithms to SSM/I EASE-GRID data have been very encouraging (Goita et al., 1997).  This research is also investigating the problem of how to estimate local-scale variations in SWE from satellite data by comparing surface, airborne and satellite microwave data collected over a range of spatial scales.





Operational SWE retrieval from passive microwave data for mountainous areas is not currently possible mainly due to the coarse resolution of the satellite and the complexity of topography associated with a 25 km satellite pixel.  This limitation may be addressed with future satellite sensors (specifically AMSR) that are planned to have "improved" spatial resolution (10 km at 37 GHz).





Complementary research by Dr. M. Bernier and colleagues at the Université du Québec (INRS-Eau) has resulted in the development and validation of a preliminary passive microwave SWE algorithm for the La Grande Basin region (De Sève et al., 1997), an area characterized by deep snowpacks. The relationship between brightness temperature and SWE was observed to change from a negative to a positive slope at a SWE threshold of 180 mm, a characteristic not seen in the experimental work in shallower snowpack areas. 





Major Issues: 





Satellite data not ready yet to replace snow course information for all areas of the country- daily snow depth and snow course information are still required for ground truthing and algorithm refinement. Decline of in situ snow data is therefore a cause for concern


it is not possible to apply a single passive microwave SWE algorithm to all of Canada or entire hemisphere and get reliable or "representative" SWE estimates everywhere due to variations in terrain, land cover, snowpack characteristics -- hence the regional algorithm approach being followed in Climate Research Branch and in CRYSYS.  Development of regional algorithms take time and benefit from partnerships with other agencies with a vested interest in the algorithm development for a particular region (e.g. INRS-EAU efforts in James Bay region of Quebec).


continuing algorithm development and validation and data fusion with in situ data are required to develop a seamless SWE product on regional and national basis





4.2.2.2 SAR





Retrieval of SWE from SAR is complicated because snow is largely transparent to SAR frequencies unless it is wet.  However, useful information can be extracted during the spring melt period which makes it useful for runoff  monitoring (flood control and reservoir management).  The CRYSYS project is supporting research to develop methods for estimating SWE from ERS-1 and RADARSAT data.  Bernier and Fortin (1998) were able to estimate SWE in a dry shallow snow cover from SAR-derived estimates of thermal resistance.  Concluded that RADARSAT SCANSAR product most economic for basin-wide SWE mapping for Québec-Hydro.  Researchers at Waterloo University (Dr. E. Soulis and S. Fassnacht) are working on the coupling of snow and soil moisture information derived from SAR and weather radar into distributed hydrologic models.





5.  RECOMMENDATIONS





In view of the preceding discussion on snow, the following prioritized recommendations seem appropriate for snow:





For Immediate Action:





ensure that all stations in the GCOS surface network report daily depth of snow on the ground and daily snowfall


develop a list of important representative snow depth stations and snow courses with the longest continuous records for climate monitoring purposes


implement a strategy to develop and maintain a national snow course archive (this is a logical activity for AES)


improve timeliness of updates to snow data in the National climate archive - effective monitoring cannot be carried out with time lags of 1-2 years for data updates


implement automatic snow depth sensors at all auto stations; measure winter precipitation at all auto stations; measure wind speed at gauge height at auto stations


commit to studies to determine appropriate gauges for all season precipitation measurement and their associated measurement accuracies and limitations





For Ongoing Attention:





Canada should commit to regularly contribute snow depth and snow course information to GCOS-approved data holding centres - this would address one of the main criticisms leveled at the Canadian cryospheric observing systems by Barry (1995)


the need to monitor a wide range of snowpack properties in addition to those proposed in the GTOS plan


the research community should continue to be encouraged to develop methods to merge in situ and remotely-sensed snow data to enhance spatial and temporal information content 


continue leadership in developing of remote sensing technologies for snow cover monitoring over Canadian landscapes, including forested and mountainous terrain


�
For Future Emphasis:





establish a co-ordinated Canadian cryospheric information network for access to Canadian cryospheric data, including snow cover





6.  COSTED PRIORITY ACTION ITEMS





Snow Cover Area





2-yr Action Items:





Carry out a detailed assessment of variability and change in Canadian snow cover based on historical in situ data ($30K).


Develop software and tools for monitoring Canadian snow cover from in situ data and incorporate output in a snow cover section of the CRYSYS “State of the Cryosphere” website. (A-base)


Deliver dataset of Canadian in situ-derived snow cover information to WDC-A (from item 1 above) and to Canadian Cryospheric Information Network.





2-10 yr Action Items:





Continue to develop remote sensing technologies for snow cover monitoring over a variety of Canadian landscapes, including forested and mountainous terrain at regional and national scales; continue to validate global products over Canadian landscapes ($50K/yr)


Contribute snow cover datasets to a co-ordinated Canadian Cryospheric Information Network (CCIN).





Snow Depth





2-yr Action Items:





Ensure that all stations in the GCOS surface network report daily depth of snow on the ground


Develop a list of important representative Canadian snow depth stations with the longest continuous and representative records for climate monitoring purposes





2-10 yr Action Items:





Improve timeliness of updates to snow data in the National climate archive - effective monitoring cannot be carried out with time lags of 1-2 years for data updates


Implement automatic snow depth sensors at all auto stations (<$1K/station)


Canada should commit to regularly contribute snow depth information to GCOS-approved data holding centres and to a co-ordinated Canadian Cryospheric Information Network for improved access to Canadian cryospheric data.





6.3  Snow Water Equivalent





2-yr Action Items:





Develop a list of important representative AES snow courses with the longest continuous records for climate monitoring purposes and commit to maintain observations at these sites (~90 courses@$800-1000 per course per snow season: Total cost $75K/yr)


Develop a Canadian national snow course archive (logical activity for AES) ($35K/yr)





2-10 yr Action Items:





Continue to develop remote sensing technologies for SWE monitoring over Canadian landscapes, including forested and mountainous terrain ($80K/yr).


Maintain a national snow course archive and contribute information on SWE variability and change to the CRYSYS “State of the Cryosphere” website ($35K/yr)


Regularly contribute snow course information to GCOS-approved data holding centres and to a co-ordinated Canadian Cryospheric Information Network for access to Canadian cryospheric data (included in 2 above)





Snowfall and Winter Precipitation





2-yr Action Items:





Determine appropriate gauges for all season precipitation and snowfall measurement and their associated measurement accuracies and limitations





2-10 yr Action Items:





Measure winter precipitation and wind speed at gauge height at auto stations ($10K per station)


Develop manuals for automated precipitation measurement, quality control and data analysis.


Contribute adjusted Canadian precipitation datasets to Canadian Cryosphere Information Network and GPCC.
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