PROPOSAL

Title:
20TH  CENTURY GLACIER CHANGE IN THE SIERRA NEVADA, CALIFORNIA 

Principal Investigator:

Hassan Basagic

Organization/ Institution:
Portland State University, Portland Oregon

Contact Information:

47050 Generals Highway, Three Rivers, CA 93271







559-565-3127, 559-786-4670

Project Year:


2004, Summer

This proposal entitled “20th Century Glacier Change in the Sierra Nevada” is part of a masters thesis of Hassan Basagic, Department of Geography, Portland State University, Oregon.

INTRODUCTION

 
Sierra Nevada glaciers are important to the local climate, hydrology, and ecology. Alpine glaciers are a product of climate conditions where seasonal accumulation of winter snow and ice exceeds summer melting. These glaciers may provide an indication of long-term climatic variations in alpine areas where few weather stations exist, which make them good natural indicators of climate change. The issue of climatic warming has become an increasingly important topic as questions arise whether the rate of climate variation is increasing as a result from human activity.
I propose to quantify the rate and magnitude of change in Sierra Nevada glacier extent over the past century using mapping and repeat photography techniques. The study period will extend from the start of photographic record, beginning in 1883, through the present. The start date roughly follows the maximum of the climatically cool period known as the Little Ice Age in the Sierra Nevada (Birman 1964). Photographic records and glacier investigations made in Yosemite National Park from 1931 – 1960 and intermittently through 1975, provide an opportunity to determine the response time of glaciers to regional climate, and to identify secondary climate influences from topography. This knowledge will aid paleo-climate reconstructions, assist climate prediction models, and inform land managers of on going ecosystem changes.

The Sierra Nevada glacier population consists of approximately 498 ice features, including perennial ice fields and glaciers (Raub et al. 1980). These features are small in size ranging from small ice patches with areas of less than 0.1 km2, to Palisade Glacier, the largest in the Sierra Nevada with an area of 1.58 km2 (Raub et al. 1980). Glaciers in the Sierra Nevada have advanced and subsequently receded several times during the Neoglacial period (Birman 1964; Curry 1969). The Matthes advance corresponds to the Little Ice Age (LIA), a cool period recognized to have begun AD 1200 – 1300 (Curry, 1969). The LIA is believed to have reached its maximum 100 – 300 cal. years BP. Historical photographs of Lyell Glacier taken by I.C. Russell in 1883 and a historical geologic map confirm that the glacier was at or near the terminal moraine, as seen in Figure 1. This information, along with other climate proxies, shapes our understanding of previous Sierra Nevada climates.
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Figure 1. Change in glacier area is evident in this photo comparison of Lyell Glacier, Sierra Nevada, CA. The left photo was taken by I.C. Russell in 1883. The right photo was taken in 2003 by H. Basagic.

Alpine glaciers are recognized as significant hydrologic features that can indicate environmental change (Meier 1965; Porter 1981).  These glaciers play an important role in the local hydrologic cycle by delaying snowmelt water runoff, and thereby buffering lakes and streams during seasonal summer drought (Meier and Tangborn 1961; Fountain and Tangborn 1985). Changes to climate and/or hydrology can strongly influence the local ecology including affects on wildlife habitat, vegetation regimes, soil development, and fire frequency. Scientists and land management agencies are concerned how a reduction or loss in hydrologic buffering capacity would affect downstream flora and fauna depending on glaciers and other possible outcomes mentioned (SEKI 1999, 2002, 2003, USGS 2003, YOSE 2001). This topic is therefore important to future decision-making and priority planning.

METHODS

This project proposes to use field mapping and repeat photography techniques to measure the magnitude and rate of glacier change through out the Sierra Nevada. A total of six sites have been selected at Yosemite (Lyell and Maclure Glaciers), Kings Canyon (Darwin and Goddard Glaciers), and Sequoia (Lilliput and Picket Glaciers) National Parks in the Sierra Nevada. Selection of these sites is based on location, accessibility, and availability of photographic and map records. These glaciers vary in latitude and size, and most are free of surface rock debris. Field crews will consist of one to three people visiting each site for a maximum of three days.
Glacier mapping will consist of collecting field data at each of the six sites with a GPS unit. Glacier terminus and Matthes moraines will be walked with a handheld GPS unit (Trimble Geo3). The data will be post-processing correction with regional base stations to increase accuracy. Data will then be imported into a GIS database. 

Repeat photography, or rephotography, will entail relocating approximately 15 historic photograph locations and photographing the original scene. These methods will follow those outlined by Harrison (1960) and Klett et al. (1984). The data will serve as a visual comparison of glacier change through time.

Both spatial mapping data and repeat photography will be incorporated into a GIS database to create a chronology of glacier change. Analysis of the time series will include generating descriptive statistics for each time period at each glacier. If possible, this information will be expanded to the remaining population as appropriate.  A map of each study site will be created to show the change in area through time.

Considerations

All of the field sites occur within National Parks and in designated Wilderness. All crew members will follow park and wilderness regulations, and practice Leave No Trace backpacking techniques. No specimens will be collected from any site.
Reporting

All data and information will be provided to Sequoia, Kings Canyon, and Yosemite National Parks for archival purposes. Information will include comparison repeat photography, and glacier extents data for 2003 and 2004. A summary report and a copy of the thesis will be provided to each of the parks upon completion.
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