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►►Continued research of MikeContinued research of Mike’’s Stats projects Stats project
(correlations of weather and topography)(correlations of weather and topography)

►►Curvature of cirques Curvature of cirques 
with and without icewith and without ice
quantify findingsquantify findings

IntroductionIntroduction

Tools UsedTools Used
►► ArcGISArcGIS

33--D AnalystD Analyst
Spatial AnalystSpatial Analyst
Raster CalculatorRaster Calculator
ConversionConversion

►► ArcSceneArcScene
►► SPSS SPSS 

Statistical Regression AnalysisStatistical Regression Analysis

►► Excel Excel 
Graphing Graphing 
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Study Area: Glacier National ParkStudy Area: Glacier National Park

Source: Greenwich 2000 Ltd. 

Study Area: Glacier National ParkStudy Area: Glacier National Park

Source: AreaTravelPackets.com
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Study Area: Glacier National ParkStudy Area: Glacier National Park

Source: www.nps.gov/glac

Source: USGS
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ArcSceneArcScene image of Study Areaimage of Study Area

N

Sperry Glacier
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Source: Portland State University
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Jackson Glacier

Source: National Park Service

Source: Russ Finley
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Sperry Glacier, at base of Mt. Edwards Glacier National Park

Lisa McKeon photo, 2001 USGS

2001

1907

Morton Elrod photo 1907
Courtesy Glacier NP Archives

Prior Cirque ResearchPrior Cirque Research

►►Cirque width, high steep walls, facing Cirque width, high steep walls, facing 
northeast determine glacier locationsnortheast determine glacier locations11

►►Eastward cirque aspect caused by leeward Eastward cirque aspect caused by leeward 
slosloppeses2  2  

►►MorphometricMorphometric analysis using GIS, C++, and analysis using GIS, C++, and 
R was useful in delineating landformsR was useful in delineating landforms3 3 

►►Correlations between cirque morphology Correlations between cirque morphology 
and solar radiation and glacier areaand solar radiation and glacier area44

1Graf, 1976; 2Evans, 1977; 3Bonk 2002; 4Chueca and Julian, 2004
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Methods:Methods:
Remote Sensing of Ice Depth Remote Sensing of Ice Depth 

►► AreaArea

Methods:Methods:
Remote Sensing of Ice DepthRemote Sensing of Ice Depth

►► Surface slopeSurface slope
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Methods:Methods:
SlopeSlope--derived Ice Depthderived Ice Depth

►►ττbb / / ρρ g sin g sin αα = h= h
where where ττbb = 1 bar=100,000N/m= 1 bar=100,000N/m22== kgm/skgm/s22/m/m2*2*

andand ρρ = 890 kg/m= 890 kg/m3*3*

and and g = 9.8 m/sg = 9.8 m/s22

►►11.46526m11.46526m33 / sin / sin αα = h= h

**Assumption based on data from PatersonAssumption based on data from Paterson

Source: Paterson 1994

Methods:Methods:

Ice Depth CalculationsIce Depth Calculations
►►ReprojectReproject in UTM in UTM –– bilinear bilinear resamplingresampling

►►Slope tool Slope tool –– calculated in degreescalculated in degrees

►►Convert degrees to radiansConvert degrees to radians

►►Use derived ice depth formula using radians Use derived ice depth formula using radians 
valuevalue
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Raster CalculatorRaster Calculator
Setting the limit

Depth calculation



12



13

Methods:Methods:
Depth Calculation Via VolumeDepth Calculation Via Volume

►►V* = 3.93AV* = 3.93A1.1241.124

A is total area of glacier (mA is total area of glacier (m22))
V is total volume of glacier (mV is total volume of glacier (m33))

Source: DriedgerDriedger and Kennard 1986and Kennard 1986
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Methods:Methods:
Curvature from ProfilesCurvature from Profiles

3-D Analyist toolbar:

1. Interpolate line tool

2. Create profile graph

3. Export data as excel file

4. Plot data on scatter plot

5. Add trendline and include 
2nd order polynomial equation

Analyzing Polynomial EquationsAnalyzing Polynomial Equations

►►The The trendlinetrendline of each profile generated a of each profile generated a 
polynomial equationpolynomial equation

►►The second derivative of the coefficients of The second derivative of the coefficients of 
said polynomials are essentially the said polynomials are essentially the 
curvature value (acceleration)curvature value (acceleration)
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Results:Results:
Profiles across glaciated andProfiles across glaciated and

nonnon--glaciated cirquesglaciated cirques

Blackfoot Glacier
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Blackfoot Glacier
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Results: Results: 
Curvature Ice 0.002Curvature Ice 0.002

Ice Free 0.0016Ice Free 0.0016
Logan Glacier
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Results: Results: 
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Ice Free 0.0006Ice Free 0.0006
Sperry Glacier Profiles
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Results: Results: 
Ice Free Cirque Curvature Ice Free Cirque Curvature 

0.0006 & 0.00030.0006 & 0.0003
Non-Glaciated Cirques
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Curvature with IceCurvature with Ice
Correlations
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Results of AnalysisResults of Analysis

►►0.345 = Pearson0.345 = Pearson’’s correlation of curvature s correlation of curvature 
with areawith area

►►Based on the means at 32 elevation classes Based on the means at 32 elevation classes 
on all glacierson all glaciers

Problem #1Problem #1
►►Slope Calculation ToolSlope Calculation Tool

Initially generated lines that did Initially generated lines that did not at allnot at all
represent realityrepresent reality
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Problem #2Problem #2
►► Curvature tool in 3Curvature tool in 3--D and Spatial analyst was too D and Spatial analyst was too 

refined for our scalerefined for our scale
►► Varying the cell size did not really improve results Varying the cell size did not really improve results 

Future WorkFuture Work

►►Advanced GIS analysis in GRASS Advanced GIS analysis in GRASS 

►►Collect the curvature value at numerous Collect the curvature value at numerous 
elevations along glaciers & tabulate the dataelevations along glaciers & tabulate the data

►►Update aerial photography/Update aerial photography/DEMDEM’’ss

Source: Bonk, 2002
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ConclusionsConclusions

►►Remote Sensing is a useful tool for depth Remote Sensing is a useful tool for depth 
calculations especially with repeat aerial calculations especially with repeat aerial 
photographyphotography

Glaciological methods are limitingGlaciological methods are limiting
GroundGround--truthingtruthing still requiredstill required

►►Curvature analysis requires advanced Curvature analysis requires advanced 
calculations or tool modificationscalculations or tool modifications

Profile slice good manual techniqueProfile slice good manual technique

Data SourcesData Sources

►► ““Glacier National Park Glacier National Park -- Pass Trail and Feather Plume Falls.Pass Trail and Feather Plume Falls.”” National Park Service National Park Service ––
Experience Your AmericaExperience Your America. 25 Aug. 2001. National Park Service. 27 May 2007. 25 Aug. 2001. National Park Service. 27 May 2007
<<http://www.nps.gov/archive/glac/gallery/082501.htmhttp://www.nps.gov/archive/glac/gallery/082501.htm>.>.

►► ““Glacier National Park Glacier National Park –– Plan Your Visit.Plan Your Visit.”” National Park Service National Park Service –– Experience Your Experience Your 
AmericaAmerica. 20 Mar. 2007. National Park Service. 6 Jun. 2007. 20 Mar. 2007. National Park Service. 6 Jun. 2007
<<http://http://www.nps.gov/glac/planyourvisit/index.htmwww.nps.gov/glac/planyourvisit/index.htm>.>.

►► Glaciers OnlineGlaciers Online. 2006. Portland State University. 17 May 2007. 2006. Portland State University. 17 May 2007
<<http://glaciers.research.pdx.edu/index.phphttp://glaciers.research.pdx.edu/index.php>.>.

►► ““Map of Glacier NP.Map of Glacier NP.”” Area Travel PacketsArea Travel Packets. 2002. . 2002. AreaTravelPackets.comAreaTravelPackets.com. 27 May . 27 May 
20072007
<<http://http://shop.areatravelpackets.com/dmaps.asp?idshop.areatravelpackets.com/dmaps.asp?id=27&pfid=GLAC=27&pfid=GLAC>.>.

►► ““Montana Map.Montana Map.”” GMT: Greenwich Mean Time GMT: Greenwich Mean Time -- World Time / Time in every Time World Time / Time in every Time 
ZoneZone.. 31 Jan. 2007. Greenwich 2000 Ltd. 27 May 200731 Jan. 2007. Greenwich 2000 Ltd. 27 May 2007
<<http://wwp.greenwichmeantime.com/timehttp://wwp.greenwichmeantime.com/time--zone/usa/montana/map.htmzone/usa/montana/map.htm>.>.

►► National Elevation DatasetNational Elevation Dataset. Aug. 2006. US Geological Survey. 17 May 2007. Aug. 2006. US Geological Survey. 17 May 2007
<<http://http://ned.usgs.govned.usgs.gov//>.>.

►► Glacier side view <http://Glacier side view <http://www.mrsciguy.com/sciimages/alpineglacier.jpgwww.mrsciguy.com/sciimages/alpineglacier.jpg>>
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