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ABSTRACT

The National Ice Center (NIC) is currently engaged in developing bi-weekly, comprehensive case studies of the ice covered-oceans of the world over the span of a full year. These case studies provide a detailed record of the freeze-up, growth, and melt-out of the Arctic and Antarctic ice fields for training and study. Two marginal ice zone regions for which all imagery sources including RADARSAT are available, are the Barents Sea north of Norway and Russia, and, for the first time, the Yellow Sea in China.  The extent of the ice field in the Barents is partially a function of the short-term dynamic atmospheric conditions in the region. The SAR sensor provides high resolution, the ability to penetrate clouds, and sensitivity to changes in the ocean surface. Thus, it images the effects of polar lows on both the water surface and the ice field itself which the optical and infrared sensors and, to a lesser extent the model fields, verify. The Yellow Sea is unique in being the southernmost sea in the Northern Hemisphere to develop substantial concentrations of sea ice. Its water conditions, strong river outflow, and temperate climate combine to generate unusual ice signatures as imaged by RADARSAT. 

Introduction

The NIC acquires satellite imagery operationally from four sensors: the Canadian RADARSAT, a C-band synthetic aperture radar operating at HH-pol, the U.S. DMSP Operational Line Scanner (OLS) and the NOAA AVHRR, both of which provide visible and infrared imagery, and the DMSP Special Sensor Microwave Imager (SSM/I). The SSM/I is used for maps of total ice concentration only. The RADARSAT imagery is usually received in SCANSAR WIDE mode, with a resolution of 100m, although higher resolution images are requested for special cases. The OLS images have a resolution of 500m, while the AVHRR images vary in resolution from 1.1 Km at the center of the scan to 2.4 Km at the outer edges. The 19 GHz and 37 GHz channels of the SSM/I are resampled to a fixed pixel spacing of 25 Km before being used to calculate ice concentration. Approximately 4 Gbytes of data from these satellite sensors are fed to the NIC each day for operational ice analysis.

In October 1999, a special effort began to capture all the imagery and ancillary data, such as weather charts and ice observations, used in the weekly analyses produced at NIC. Any data used to produce the weekly charts were archived on a bi-weekly basis, along with the final ice charts themselves and a listing of the data used with some guide to interpretation. When this effort is complete in September 2000, there will be approximately 45 Gbytes of data available at the NOAA Satellite Active Archive for analyst training or in-depth studies of short-term ice development and regional extent.

Barents Sea Case Studies

The first case study, for the week of 28 February 2000, shows the Barents at a climatological minimum in the south, and at a mean in the north (Figure 1). Frontal passage associated with atmospheric short waves in the area takes on the order of three days, perturbing the ice edge and ice pack as it progresses. An OLS infrared image from 28 February (Figure 2) shows a small-scale front impacting the ice edge in the Barents South, generating distinct cloud bands and obscuring the ice edge from observation and manual analysis. Figure 3 shows a near time-coincident RADARSAT image, where a localized pressure center along the front has tilted the mean water level in a pattern that matches the overlying clouds. Also obvious is the belting and stripping near the ice edge as a result of the meteorological activity, details that would be overlooked without the RADARSAT imagery. The corresponding ice chart for this time is shown in Figure 4. 

The second case study, for the week of 20 September 1999, documents the importance of RADARSAT imagery in determining the onset of freezing in the Arctic. Figure 5 is a RADARSAT image from 20 September 1999 of the decayed summer ice pack east of Novaya Zemlya in the Kara Sea. New ice (the long black strip) has begun forming in and among the thick first year ice. As it is almost the autumnal equinox with twelve hours of darkness and light, diurnal freezing and melting would not be unexpected, especially as this image was acquired just prior to 2 GMT in the coldest part of the night. Figure 6 shows a RADARSAT image of the same area from about 12 hours later, where it is clear that rather than melting, more new ice has formed, stretching nearly from the northern tip of Novaya Zemlaya to the Tamyr Peninsula. Further, the RADARSAT reveals that this was not a localized phenomenon. Figures 7 and 8 are RADARSAT images showing the ice field in and around the Franz Joseph Archipelago on 19 and 20 September, respectively. Another small-scale low had blanketed the area with clouds and increased winds over the region, as the lee waves behind the islands in Figure 7 and the downdraft patterns in Figure 5 indicate. New ice was forming in the ice pack on 19 September and thickening to a near-complete cover of young ice by 20 September, when new ice was being imaged in the Kara. Figures 9 and 10 show the ice charts for the two seas, with the areas of new and young ice indicated. Since the region was cloud covered, and since new ice is difficult to detect in visible imagery, this early onset of the freeze-up would have been missed altogether without RADARSAT. 

Yellow Sea Case Studies

The Bo Hai and Korea Bays, north and west of the Yellow Sea, are perhaps the most challenging regions for sea ice monitoring, since these contain among the most turbid and polluted waters of the global ocean. Further, since most of the ice forms adjacent to the coast, SSM/I, which is contaminated by the brightness of land within 100Km of the shore, is unusable here. The NIC has relied on the DMSP OLS for most of its manual analysis of the sea, until this season, when RADARSAT imagery of the area became available for the first time. Figure 11 shows a typical OLS infrared image from 1 February, where the milky texture of the water, which may be new ice, or may simply be turbid water, is detectable. Figure 12 is a RADARSAT image of the northern part of the Yellow Sea, showing parallel streaks off Weihai that are probably anthropogenic slicks. New ice is forming, however, along the shore and in the bays along the southeast coast of the Shandong peninsula between Weihai and Qingdao. The presence of new and young ice is reflected in the ice chart for the area (Figure 13). This season saw a record maximum extent of ice in the Yellow Sea.

Two weeks later, this same area was undergoing periods of melting and refreezing prior to the full-scale melting of the bays, which was complete by the beginning of April of this year. The OLS visible image from 17 February (Figure 14) shows the difficulty typical when interpreting the area, with turbid patches off the mouth of the Yellow River that could be either sediment-laden water or new/young ice. A RADARSAT image from 11 February (Figure 15) indicates that similar problems plague the active sensor. There are large-scale dark blotches in the water north and south of the Shandong Peninsula that are most probably not ice, but may instead show the effects of, among myriad other possibilities, surfactants dampening shortwaves, fresh-water run-off, or silt. Based on day-night temperatures in the area, some new and young ice was assumed to be present, and was so annotated in the corresponding chart shown in Figure 16. 

Conclusions

The availability of near real-time RADARSAT imagery has improved significantly the accuracy of the ice monitoring and analysis at NIC by providing evidence of the formation of new ice under a wide range of conditions. The correct determination of an early freeze-up in the eastern Arctic would have been impossible without it. RADARSAT imagery was also useful, if problematic, in the Bo Hai and Korea Bay, where anthropogenic conditions complicate the analysis of sea ice. 
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     Figure 1: SSM/I ice concentrations for 28 Feb 2000            Figure 2: OLS image for 28 Feb 
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Figure 3: RADARSAT image from 28 Feb                               Figure 4: Ice Chart for 28 Feb
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Figure 5: RADARSAT image from 20 Sep 1999   Figure 6: RADARSAT image from 20 Sep
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Figure 7: RADARSAT image from 19 Sep           Figure 8: RADARSAT image from 20 Sep
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Figure 9: Ice Chart for Barents

                                                                                                    Figure 10: Ice Chart for Kara
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Figure 11: OLS image for 1 Feb 2000

                                                                                   Figure 12: RADARSAT image for 01 Feb
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Figure 13: Ice Chart for 31 January 2000

                                                                                      Figure 14: OLS image for 17 Feb 
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Figure 15: RADARSAT image for 11 Feb         Figure 16: Ice Chart for 14 February
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