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Introduction

Continued research of Mike’s Stats project

(correlations of weather and topography)

Curvature of cirques
with and without ice
quantify findings

Jools Used

ArcGIS
3-D Analyst
Spatial Analyst
Raster Calculator
Conversion
ArcScene

SPSS

Statistical Regression Analysis
Excel

Graphing




Study: Area: Glacier Nationall Park
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Study: Area: Glacier Nationall Park
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Glacier National Park, Montana
Digital Elevation Model of Study Area

DEM (in meters)
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Glacier National Park, Montana
Hillshade Overlay in Study Area |
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Innrnctive Mag Seatas With Glnziars

Welcome to Gladiers of the American West Home Page

The purpose of Bis site 15 1o collect and disinbute data on the glaciers of the Amencan Wes!, exclusive of
Alaska. Glacers are cormmonty found in Washinglon, Oregon, Cablormia, Montana, Wyerreng, and
Colorado. Also, Nevada, Utah, and Idabo may lay claim to a few glaciers .. maybe®

W have several motivalions fer creating tis web page. First, glaciers are rapidly shrnkang due 1o
climate warming. This is true not anly for the American West, but for most ather regions of the workd as
wel Perhaps glaciers are the clearest expression of cimate change. Second, assessment of glacier
cover and its change is important 1o regional stream flow and global sea level. Finally, glaciers are
fascinating landforms, Techrecally speaking they are minerals close 1o their mefting point and smal
changes in temperature change their phase rom ice to Wales, of ice wersa. And Mair flow Behawier 15
similar to paint, Linder the right conditions they store informaticn on past chmates, which can b retrieved
and analyzed. Such studies have revohtionzed our understanding of past chmatic vanations and provde
a ghmpse of what can happen in the future. These topics are brefly discussed on vanous pages on tis
site and links 10 other sites

The: glacier database and related informalion can be accessed from the mem on the navigation bir of
1he “Interactive Map” link above
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Glacier National Park, Montana
13 Largest Glaciers in Study Area

Glacier Polygons
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Glacier National Park, Montana
Extracted Glaciers in Study Area
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Sperry Glacier, at base of Mt. Edwards Glacier National Park

-

- &= Morton Elrod photo 1907
ﬂ& Courtesy Glacier NP Archives

Lisa McKeon photo, 2001 USGS

Prior Cirque Research

Cirgue width, high steep walls, facing
northeast determine glacier locations!

Eastward cirque aspect caused by leeward
slopes?

Morphometric analysis using GIS, C++-, and
R was useful in delineating landforms3

orrelations between cirque morphology.
nd solar radiation and glacier area®

1Graf, 1976; 2Evans, 1977; 3Bonk 2002; 4Chueca and Julian, 2004




Methods:
Remote Sensing of Ice Depth

Methods:

Remote Sensing of Ice Depth

» Surface slope
VALLEY (ALPINE) GLACIERS

ZONE OF
ACCUMULATION

ZONE OF
ABLATION
END
MORAINE

GLACIER
TERMINUS




Methods:
Slope-derived Ice Depth

Tb/pgsina =h

where Tb = 1 bar=100,000N/m?= kgm/s?/m?z*
and p = 890 kg/m?3"
and g = 9.8 m/s?

11.46526m? / sin & = h

* umption based on data from Paterson

Methods:

Ice Depth Calculations

Reproject inf UTM — bilinear resampling

Slope tool — calculated in degrees
Convert degrees to radians

se derived ice depth formula using radians
value
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Glacier National Park, Montana
__Glaciers in Study Area

Ice (in radians)

. High - 1.33558

Low:0

Raster Calculator
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Bbout Bulding Expressions |




Glacier National Park, Montana
Ice Depth in Study Area
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' Ice Depth (in meters)

High : 60.365314 .
9 Study Area's .

Low : 11.789893

Glacier National Park, Montana
Ice-Free Digital Elevation Model

Ice-Free DEM (in meters)

icefreedem
— High : 3084 45

Low : 1180.04

Study Area's
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Methods:
Depth Calculation Via Volume

» \/* = 3,93A1-124
A is total area of glacier (m?2)
V/is total volume of glacier (m?3)

Source: Driedger and Kennard 1986

Glacier National Park, Montana
Sperry Glacier
T

perry Glacier
o, sperrypol

* glacier13
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Methods:
Curvature 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 Poelynomial Equations

The trendline of each profile generated a
polynomial eguation

The second derivative of the coefficients of
said polynomials are essentially the
curvature value (acceleration)

14



elevation m

Results:
Profiles across glaciated and
non-glaciated cirques

Non-Glaciated Cirques Sperry Glacier Profiles

Va
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Results:
Curvature Ice 0.0004
Ice Free 0.0004

Blackfoot Glacier y = 0.0002¢ - 0.4617x + 2480.2
R®=0.96
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elevation m

Results:
Curvature Ice 0.002
Ice Free 0.0016

Logan Glacier

y = 0.001x2 - 1.0114x + 2330.3
R?=0.98

/4
y = 0.0008x? - 0.7795x + 2313.1 /

R=0.94

7
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: — Poly. (Ice free)

600 1000 1200
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elevation m

Results:
Curvature Ice 0.0004
Ice Free 0.0006

. . —=— Sperry Ice Free
Sperry Glacier Profiles —= Sperry With lce
— Poly. (Sperry Ice Free)
—— Poly. (Sperry With Ice)

y = 0.0002x° - 0.3208x + 2438.4

R?=0.94

y = 0.0003x* - 0.4331x + 2419.2
R?=0.94
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Results:

Ice Free Cirgue Curvature
0.0006 & 0.0003

Non-Glaciated Cirques

y = 0.0006x - 1.0535x + 2758.6
R?=0.96

2900 -
= 0.0003x° - 0.5161x + 2357

2700 v \
R® =057

2500 k
o
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2100 - R?=085
1900 —— Slice 2
1700 —— Slice1 Low
1500 T T . : l§|I<|:e1 ;!gh ,
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IS2descriptives.spo - SPSS Viewer
Edit View Data Transform Insert Format [EQSUSSN Graphs Utiites Add-ons Window Help

=\ S(3 | B | Dle(p]§ R

Descriptive Statistics

= Q Compare Means
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L Descriptive Statistics Loginear S 1.000 854 735
;ca‘e Multinomial Logistic. .. 735 -275 1.000

=~ Orginal... 213 026 161
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Curvature with Ice

Correlations

low temp
area km precip solrad |plan curvature | profile | curvature aspect mean

Pearson Correlation area km 1.000 .048 .586 .043 (287 ] -.161 -.289 .091
precip .048 1.000 160 767 -435 .620 319 -.972

sol rad .586 160 1.000 -132 416 -.321 101 -.070

plan curvature .043 767 -132 1.000 -.706 .896 -.125 -.804

profile .287 -435 416 -.706 1.000 -.947 -.033 490

curvature -.161 .620 -.321 .896 -.947 1.000 -.037 -.672

aspect -.289 .319 101 -125 -.033 -.037 1.000 -.229

low temp mean .091 -.972 -.070 -.804 490 -.672 -.229 1.000

Sig. (1-tailed) area km . .398 .000 407 .056 190 .055 .309
precip .398 . 191 .000 .006 .000 .038 .000

sol rad .000 191 . .237 .009 .036 .291 .353

plan curvature 407 .000 237 . .000 .000 247 .000

profile .056 .006 .009 .000 . .000 430 .002

curvature 190 .000 .036 .000 .000 . 421 .000

aspect .055 .038 291 247 430 421 . 104

low temp mean .309 .000 .353 .000 .002 .000 104 .

N area km 32 32 32 32 32 32 32 32
precip 32 32 32 32 32 32 32 32

sol rad 32 32 32 32 32 32 32 32

plan curvature 32 32 32 32 32 32 32 32

profile 32 32 32 32 32 32 32 32

curvature 32 32 32 32 32 32 32 32

aspect 32 32 32 32 32 32 32 32

low temp mean 32 32 32 32 32 32 32 32

SPSS Regression Analysis

Correlations

area km

icefrcurv

icefrprof

icefrplan

Pearson Correlation

area km
icefrcurv
icefrprof
icefrplan

1.000
-.146
.345
181

-.146
1.000
-.854

.735

C345)

-.854
1.000
-.275

A

.735
-.275
1.000

81

Sig. (1-tailed)

area km
icefrcurv
icefrprof
icefrplan

213
.026
161

213

.000
.000

.026
.000

.064

A

.000
.064

61

area km
icefrcurv
icefrprof
icefrplan

32
32
32
32

32
32
32
32

32
32
32
32

32
32
32
32




Results of Analysis

0.345 = Pearson’s correlation of curvature
with area

Based on the means at 32 elevation classes
on all glaciers

Problem #1

Slope Calculation Tool

Initially: generated! lines that did not at all
represent reality

19



Problem #2

Curvature tool in 3-D'and Spatial analyst was too
refined for our scale

Varying the cell size did not really improve results

Profile Gragh Tithe

Future Work

Advanced GIS analysis in GRASS

W = _fa:ﬂ:fi + Qfmyfxfy + fyyf:j
p e

Collect the curvature value at numerous
levations along glaciers & tabulate the data

pdate aerial photography/DEM’s

Source: Bonk, 2002
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Conclusions

Remote Sensing is a useful tool for depth
calculations especially: with' repeat aerial
photography
Glaciological methods are limiting
Ground-truthing still required

urvature analysis requires advanced
alculations or tool modifications

Profile slice good manual technique

Data Sources

“Glacier National Park - Pass Trail and Feather Plume Falls.” National Park Service —
Experience Your America. 25 Aug. 2001. National Park Service. 27 May 2007

<http://www.nps.gov/archive/glac/gallery/082501.htm>.

“Glacier National Park — Plani Your Visit.” National Park Service — Experience Your
America. 20 Mar. 2007. Nationall Park Service. 6 Jun. 2007

<http://www.nps.gov/dlac/planyourvisit/index.htm>.

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

‘ZI\(;IS? of Glacier NP.” Area Trave/ Packets. 2002. AreaTravelPackets.com. 27 May

<http://shop.areatravelpackets.com/dmaps.asp?id=278pfid=GLAC>.

“Montana Map.” GMT: Greenwich Mean Time - World Time / Time in every: Time.
Zone: 31 Jan. 2007. Greenwich 2000 Ltd. 27 May 2007

<http://wwp.greenwichmeantime.com/time-zone/usa/montana/map.htm>.
National Elevation Dataset. Aug. 2006. US Geological Survey. 17 May: 2007
http://ned.usgs.gov/>.
lacier side view: <http://www.mrsciguy.com/sciimages/alpineglacier.jpg>
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