Timing and extent of lake ice cover in southwest Alaska: 2001-10
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Introduction

Continued warming in the northern high latitudes is expected to alter freeze and
breakup dates of lake ice, affecting lake ecosystems, wildlife migration and habitat,
and human subsistence and recreation.
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Remotely sensed data can be used to track the timing of ice formation and break-up
on large lakes {lake ice phenology). We are using Moderate Resolution Imaging
Spectroradiometer (MODIS) imagery from the Aqua and Terra satellites to monitor
lake ice dynamics in a network of national parks and wildlife refuges in southwest
Alaska. The moderate spatial resolution (250 m) and high temporal frequency

(1 day) provided by MODIS allows for frequent observations of a region
characterized by frequent cloud cover and little infrastructure to support ground-
based measurements. We analyzed the timing of ice formation and break-up on
lakes in southwest Alaska during 2001-10 and correlate the interannual variability in
lake ice phenology to climate.
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The study area comprises 17 large lakes and small lake systems in southwest Alaska.
It includes lakes in Becharof National Wildlife Refuge, Katmai National Park and
Preserve, Kenai National Wildlife Refuge, and Lake Clark National Park and Preserve.

Lakes and lake systems range in size from 2,300 to 246,200 ha and include lliamna
Lake, the largest freshwater lake in Alaska.
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Methods

Daily MODIS imagery was manually interpreted to quantify lake ice cover (previous attempts to use automated digital image analysis technigues were
problematic and resulted in serious misclassification). Georeferenced, true-color MODIS imagery were obtained through a web map service from the - |
University of Alaska at Fairbanks. Percent ice cover was quantified in a Geographic Information System (GIS) using a 100 ha grid masked to lake margins.
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Climate data [daily n and mini p and precipitation) for Kenai, King S5almon, and Port Alsworth were obtained from the National

Climatic Data Center Global Historical Climatology Network database. El Nifio-Southern Oscillation (EN5SO) conditions are represented by the Multivariate
ENSO Index {MEI), which is based on six atmospheric and oceanic variables observed over the tropical Pacific, Cold-ENSO phase La Nifia conditions are
represented by negative MEI values, while warm-ENSO phase El Nific conditions are represented by positive values.
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Results

Lake ice showed significant i y in freeze-up dates over 2001-10. Initial ice cover was more dynamic than mid-winter ice cover. Lake
ice responded to mid-winter thaw (Chinook and warm air advection) events with reduced ice cover and to prelonged cold snaps with increased ice
cover. Break-up was more rapid than freeze-up and the timing of break-up was relatively consistent from year-to-year. The average lake ice duration
(period between final freeze-up and final break-up) was four months (124 days). Seven large lakes did not completely freeze (>90% ice cover) during the
2002-03 winter. Duration of lake ice cover was negatively correlated with average winter air P Lake ice p logy is a simple

that is a useful indicator of climatic conditions in the hydrologic system.
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