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Figure 1.1: site maps. (a) The McMurde Dry Valleys (Chinn, 1998), (b}
Talor Valley (INSTAAR MCM Long-Term Ecologlcal Research website),
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Figure 3.3: Concept of an array of reaalntenna positions s rming a synthetic

aperture (Lillesand and Kiefer, 1994).1,
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Figure 3.4 Effect of pulse length (Canmbell, 1996). Long j plse length (a)
causes the two objects o be illuminatatd by a single radannurst, creating a
single return that does not resolve thaewo objects. Shorteéepulse length (b}
illuminates the objects with separale r rdar bursts, crealinniseparate returns
and resolving the two objects.
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Figure 3.6: SAR geometeric distortiorn: (Clmsted, 1993). Innorashortening,
point "b" is closer to the SAR than it igsn actual ground disktnee. In layover,
point "b" is closer to the SAR than pobit "a." In shadowing, , - portion of the
mountain is not iluminated, no data idsecelved for this arese
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reflection (Ulaby et al., 1981).
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Figure 3.8: Simulated a

M an
surface roughness (rms slopa)
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curves for three wet snowpacks (liguid water

contents: G, 10, and 15%), using a geometric optics model of radar
backscaltering (SAR average Incidence angle 12%). Increased
backscattering is associated with increased surface roughness. Surface
roughness is paramelrized as the root-means-square slope of the
surface (Smith et al., 1997).
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Figure 3.9: Benson's generalized cross-section of glacier facies (Benson, 1962).



142

sppr ke exlge of glaer : 40
— — i,
——
N - - .
PN e | .
"': ﬁ - -
. 4 5 __-"- | \hl
- ' i
= 1 L |
- i 1 Mo,
S 5 A
& . N
| )
C . -y . =
L= _— .
.hll '|_. -~
- - --" ! - 3
i | ._-' _ |
r _— L | | A "'
- . IIIII
|
I.I ..I_-
_‘-J.
o 5 . Y
I T T T T ] kilomatars \
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Figure 4.2: Optical depth vs. achial depth.
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Figure 4.3: Snow stakes on (a) Commonwealth and (b) Howard Glaciers,
Mumbers indicate snow stake location, lines are transect locations, and
contour interval 100 m.
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Figure 4.4: A visual representation of the digital elevation model of
(a) Southern Victoria Land, Antarctica. (b) Commonwealth Glacier and
surrounding area. Contour interval 100 meters.
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(a)

Figure 4.5: (a) A ray diagram of the regiection in a dihedraakcomer reflector. (bb)
A ray diagram of the reflection in a triziagular trinedral conrer reflector (Fuller,r,

1970).

s

alevation

Flgure 4.6: (a) Inclination angle (ASF © ebsite). (b) Deterrrming the
inclination angle.
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Figure 4.7: A trinedral corner reflector.
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Figure 4.8: lce surface roughness measured from a 2 m bar to ice surface.
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Figure 5.1: ERS-2 uncorrected SAR: { () tull scene, {b) desiil of portion of
Taylor Valley, Images ©1393 European Space Agency.
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Figure 5.3: The portion of Talor Valley that was imaged by the ERS-2 SAR
{a) uncorractad SAR, (b) map.




142

1
a5 &0
3 | 50
=25 -
5 40
s 2 :
£1s e
b ap =
g2 1 2
a5 L 10
o4 : 0
0 500 1000 1500 2000 2500

distance (m)

Figure 5.4; Surface characteristics aloog the transact on { Gmmonwealth
Glacier. Standard deviation of roughnaes is indicated by thil: black diamonds. .
snow tables (given as percentage of ¢ s2a cover) are indicicted by gray
squares and dashed lines. Cryoconiteaoles (also presentitd as percentage
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Crysconite holes in a kne forming a channal

Flgure 5.5 Hand-held photographs of Commonwealth {a-8) and Howard (1)
Glaciers. (a) West side of snowling from heficopter 300-500° above ground
level taken January 20, 1999 looking approximately NNW. (b) East side of
snowline from helicopter looking approximately West (same date and flying
height as (a)). (o) Site 4 on transect. looking NW. (d) Site & on transect,
looking NW. (e) Above snowline at site 12 on transect looking NW.

id) Cryoconite hole channel on Howard Glacier in ablation area. Photos
a,c,d,e © 1999 Patrick J. Bardel, b,f © 1939 Andrew (. Fountain.
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Figure 5.6: Cryoconite hole (a) top viee with ice axe for seadle, (b) side view obf
cannibalized hole on side of cliff.
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Figure 5.7: Snow depths along the transect on Commonwealth Glacier. Black
diamonds are averaged snow depths on snow tables in the ablation area;
gray squares are averaged depths in the accumulation area.
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Figure 5.8: Snow stakes (numbers), radar reflectors (circles), transect route
(ling), and sample sites (T1-T16) on Commaonweaalth Glacier, Location of
sample sites are where label touches transect line, at arrow point, or at center
of reflector location circle. Contour interval 100 m.
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Figure 6.1: Effsct of 2 SAR beam scattering off specular surfaces of different
incidence angles [ASF website),
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Figure 8.2: Intermediate terrcorr Images of Commonwealth Glacler and
surrounding area. (a) Preprocessed SAR image. Approximate outline of
glacier shown in dashed line. {b) Simulated SAR image. The image is
“blocky” becausa it is created from tha 30 m resolution DEM,
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Figure 6.3: Auto terraln corrected (a) and uncorrected image (b) comparisan
ERS-2 SAR of Commonwealth Glacier and surrounding area, Both images
are approximately same scale, Both images ©1999 European Space Agency.
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Figure 6.4: (a) Terrain corrected Radarsat ScanSAR of Commonwealth Glacier
and surrounding area. (b) Uncorrected Radarsat ScanSAR of approximately
same area. Scales are approximately the same. Both images ©1993 Canadian

Space Agency.,
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Figure 6.5: ERS-2 terrain corrected SAR.
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Figure 6.7: (a) Auto-correlation and (b) manual-correlation tarrain comrection of
Commenwealth Glacler and surrounding area. Scales are approximately the
same. Both images ©12939 European Space Agency.

142



142

Ve aE

163 E 163 15 TEET A0

maga CANE European Space Agenoy

g
= I— 1 1 kfamakais

Figure 6.8: ERS-2 SAR of Commonwwalth Glacier and suuounding area,



142

a 2 &
e e s Vil TS

Figure 8.9: Slope and elevations (fifrm DEM) of Commonwealilt Glacier.
Dashed box indicates the two bright bands on the manually ccorected ERS-2
SAR image.
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Figure 6.10: ERS-2 manually-correlated SAR Image of Commonwealth Glacier
with alevation contours.
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Figure 6.11: (a} Manually-correlated and (b) uncorrecled ERS-2 SAR of
Commanwealth Glacier and surrounding area. Both images are approximataly
same scale. Both images ©1999 European Space Agency.
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Figure 6.12: {a) Terain corrected and () uncorrected Radarsat ScanSAR of
Howard Glacier. Dashed ling indicates approximate outline of glacier. Both
images ©1835 Canadian Space Agency.
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Figure 6.13: SAR local incidence angles on Commonwealth (left column) and
Howard (right column) Glaciers.
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Figure 7.2: {a) SAR image brightness relative to surface alevation on
Commonwealth Glaciar. Black diamonds represent surfacas in the ablation
araa, and gray squares represent onas in the accumulation area. SAR

brightness from 1/15/1933 ERS-2 terrain corrected SAR. (b) Figure 5.8
reference map.
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Figure 7.3: Commonwealth Glacier ERS-2 SAR 1/15/1999 snow measurement
locations. Circles indicate reflector locations, and line is SAR snowline.
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Figure 7.6: Commonwealth Glacler ERS-2 SAR 1/15/1999 snowline
classification maps. Approximate cutline of glacier shown in dashed line, within
the glacier area, gray pixels are classified as lce and white pixels as snow.
Owals on supervised classification image are the training areas locations. Both

images ©1999 European Space Agency.
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Figure 7.7: Comparison of Commonwwalth Glacier. (a) Jasnary 6, 1993
Landsat 6 band 4 (J.C. Thomas, USG3). (b) ERS-2 Januasy15, 1999 @1993
European Space Agency. {c) Two menred aerial photos taasn Movember 1993:
(USGES).
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Figure 7.8: Detail of snowline on Commonwealth Glacier ERS-2 SAR
1/15M1 999, Circles indicate reflectors, straight line is transect, and
irragular line is SAR snowline.
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Figure 7.9: Enhanced volume backscatter.
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Flgure 7.13: Terrain corrected SAR Image transact locations. (a) 1/19/1999
Radarsat ScanSAR (image ©1998 Canadian Space Agency), (b} 1/15/19399
ERS-2 (Image ©1999 European Space Agency). Reflector locations Indicated
by circlas, transect indicated by line.
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Figure 7.16: Howard Glacier snow layers graph. All measurements to previous

year snow surface or glacier ice, Sites 30, 31, 66 are in ablation area. T3-TH
depths determined with probe rod and no layer data taken.




g e T 3
(&) _ap-liu-‘: S S M = 9 13

(B}

agiproximate glacigr boundary
e

- 'q‘.-

Figure 7.17: Landsal and Radarsat comparison of Howarirdzlacier snowline,
(a) January 6, 1993 Landsatl 6 band 44mage, numbers innwcate stake locationr
ib) January 19, 1999 Radarsat ScanS5H. The black line | iithe snowline fromn
(&) placed to a visual approximation colts proper location.y.
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(d) ERS 3/5/1996
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{c) ERS-2  1/15/1999 () Radarsat 1/19/1999

Figura 7.18: Six 3AR views of Commonwealth Glacier. Reflectors highlighted
with circles.
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Figure 7.19: The terminus of Canada Glacier as represented by six
uncommected SAR images. Dashed arrow indicates SAR beam direction.
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Figura 7.20: Aerial photo of Canada CGacier taken Novermmer 1983 (INSTARFF
MCM LTER website). Dashed line shaos approximate loccion of the flow linae
depression.
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Figure 7.21; Images of Taylor Glacier.~. 1) January 19, 1999 Radarsat
uncorrected ScanSAR. (b) January 6.5,393 Landsat © (baad 4). Taylor Glacienr
indicated by dashed line.
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Figure 7.22: Ripples on the upper Taylor Glacier as representad by four SAR
images and one Landsat. Numbers on images indicate ripple number. (ERS
3/5/1996 and 1/19/1993 did not image Taylar Glacier ripples.)
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Figure 7.23: Lower Taylor Glacier as nroresented by five S8R images.
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