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Introduction and Motivation Temperature and precipitation are the most important metrics of climate change, yet a strong case can be made that our ability to produce accurate and reliable records of arctic precipitation is poor. The root of the problem is that for 8 to 10 months of the year, precipitation falls as a solid (snow, hail, diamond dust, sleet, and rime). Wind, drifting snow, and the propensity for snow to stick to gauges, combine to make monitoring solid precipitation a difficult task. In addition, solid precipitation accumulates and forms a long-lasting snow cover that, if anything, impacts the arctic system even more than precipitation amount. Both snowfall and snow on the ground are changing, yet we are in a poor position to monitor this change. Part of the problem is that winter precipitation and snow on the ground are currently monitored by two separate systems. Here we propose a prototype international network where we will measure snowfall and snow on the ground concurrently, thereby improving our ability to monitor both. 
At our Barrow site, we have augmented existing meteorological and snow measuring instrumentation with solid-state snow pillows, heated plate precipitation sensors, snow fences (to capture the wind-blown flux), and eddy correlation towers for computation of sublimation. Several times a winter at the sites we conduct ground surveys of snow cover depth, water equivalent, and other properties using tools that allow rapid collection of extensive data. These have been augmented with aerial photography and airborne remote sensing from inexpensive platforms to visualize drift and deposition patterns. 

The combined suite of instruments and measurements is designed to allow us to close the winter water balance at each site, for the first time balancing the precipitation with measured accumulation. Using a set of modeling tools (e.g., a melt model, and a transport model for blowing snow), we will a) develop methods and algorithms for quality checking both meteorological and snow data by cross-comparison between sensors and instruments, b) close the water balance in a way that produces more accurate values of winter precipitation and snow on the ground than are currently being collected, and c) apply our methodology to historical data from the existing gauge network to produce better estimates of past trends. Our effort, or one like it, is essential if we are to understand arctic precipitation and snow cover trends.

Progress on the Snow-Net project has been steady in 2009, our second winter of research. Our efforts involved; 1) gathering and analyses of spatial data; 2) performing winter field measurements; 3) intensive monitoring of snowmelt; and 4) completing summer maintenance and vegetation mapping.

Site Summary

The SnowNet site location remains much as it was described in last year’s report (Fig 1).  The site features a Wyoming gauge, two meteorological flux towers, a snow pillow, two cameras, and snow measurement transects. An existing snow fence along Cake Eater Road near Barrow (Fig. 2) is instrumented to monitor snow accumulation on the lee of the fence.  The site has been up and running since August 2007; data have been collected and are available through http://www.ipysnow .net/.  The site is running smoothly (except for periodic fox damage) and we have collected outstanding data during our first two winters of operation and we are poised to get another good winter season of data in winter 2009-2010.

The site featured activity during February, March, April-June, August, and October 2009.  During February and October, routine winter maintenance was performed on the meteorological equipment, gauge, and cameras.  During the March and late April 2009 visits, snow surveys were completed.  Additionally, mobile LiDAR snow surface measurements were taken in late April 2009 during peak snow accumulation (Fig. 3).  During snowmelt, Simon Filhol and Chun-mei Chiu monitored snowmelt dynamics, water flow, and chemistry during an extended stay in Barrow.  During August, a team arrived to perform maintenance of the equipment, continue fox-disturbance protection measures, photograph the site from the air (Figs. 1 and 2), and map land cover patterns for verification of last year’s aerial photo registration (Fig. 4).

Spatial Datasets

Accuracy of the aerial photo mosaic created in 2008 was assessed by mapping ground features in August 2009 (Fig. 4).  The photo mosaic shows a remarkable fidelity to the features mapped on the ground.

Most of the spatial data required for this project were obtained last year and additional datasets were gathered in 2009.  A high resolution (25 cm) DEM was also obtained from the Tweedie group; previously we used a 1 m DEM.  LiDAR data from 2009 is still being processed, but all indications are that the dataset is of high quality and covers the area surveyed during August 2008’s snow-free period (Fig. 5).  In August 2009, more aerial photos were taken from a helicopter.  Registration of those new photos will occur sometime in 2010.

Field Measurements and Campaigns

Snow In winter 2008-09, the Barrow site was visited in February, March, and April to download data and maintain instruments. Intensive snow surveys were done 16-19 March and 25 April-1 May 2008; and continuously during the snowmelt from May 18 until June 10. Snow surveys entail snow depth measurements performed with magnaprobes (Fig. 6) every 2 m along 5600 m of transects and snow densities collected every 100 m along 1400 m of transects. All snow surveys consisted of additional measurements along L-shaped transects (50 m on each leg) located near the SnowNet towers (Fig. 1). In April and through snowmelt (see below), LiDAR was employed extensively to measure snow depths and monitor changes in depths during snowmelt (Fig. 3).  Our measurements will be subtracted from snow-free LiDAR data collected in August 2008 (Fig. 5).

In March and April 2009, snow fence measurements involved a ski-mounted high-precision survey GPS (UNAVCO supplied to BASC) to measure three upwind and downwind drift profiles (~75 m in length) while snow density samples were taken along the middle upwind and downwind transects to convert depth into snow water equivalent. 

Snowmelt Between May 18 and June 10, 2009, field measurements were performed to capture the snow melt and spring runoff at the SnowNet site. Daily observations of snow depth, snow patterns and SWE were made by observers (chiefly Simon Filhol and Chun-Mei Chiu). The team also directed high-frequency (every few days to a week) LiDAR surveys of the site to capture snowmelt patterns. A pipe and V-notch weir were monitored to record run-off from the area, and snow and meltwater samples were collected for chemical analyses (isotopes, ions, and mercury).  

Summer Maintenance and Surveys In August, a crew returned to the SnowNet site to perform summer maintenance (particularly fixing fox-chewed wires), change the fluids in the Wyoming gauge, rehabilitate the damaged snow fence towers (Fig. 7), and to map land cover patterns and vegetation (Fig. 4).

We are shifting the project’s focus more toward analyses and writing papers for peer-reviewed journals.  A presentation of our SnowNet project will be made at the Fall American Geophysical Union meeting in December 2009.  Efforts to obtain funding for the continuation of SnowNet from the National Science Foundation are under way.

Publication/presentation and Outreach

Data, as well as much ancillary information for the SnowNet site can be found at www.ipysnow.net
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