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uamappod glacigenic terrain in sowh-contal Alberwa. The seflectnce propenies of
snow-covessd surfaces illumineted at & low, mid-winter solar elovasion produced
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Such exgeession is pooely secosded, if at all, by conveations astlal phmsageaphy.
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4.5 and 7 showed considersbls colour diffssences for & suow-cover scens in addisicn

u#hqﬁmdd—ﬁﬂ“mﬁ-ﬂdﬁ
ﬂ“ﬁnh“ﬂ“n:hﬂﬂ-ﬁhl
Lﬂm#i—ﬁmhﬁﬁwﬂlnnﬂm



seifissly provided over the courss of the last two years. 1 would also M % thank Dr.
consibusion w0 this project. I am grassful 0 Dr. Art Fesssson who beiped suengihen

the thesls with conssruceive criticiems and suggestions, aad 0 Dx. lsn Camphell for his
systoms well fod and running sssethly. I am foresnate ©0 have besa sbis © enjoy and
ealy sow begin © wuly spguscisns. Misally, I thesk my mether, Masiipn Hoplond, and

v



TABLE OF CONTENTS

Chapaer
L INTRODUCTION
Background
Objectives
IL DATA AND STUDY AREA
Data
Study Ares

uuuzam...uuuun_i



41



Figare 1. Landest image footpriat over
ﬁ:_ﬂm-iﬁmﬂ

Mzmhhﬂﬁﬁ
imags subscens. Gevy lovel minieune=29 and
ooy lovel maximmen=236.
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Fiate £ Inverted and contrast sseeched,
ﬁﬁﬁﬁ_ﬂh

appannt sowos of Humingsion flipped
» 6o asshwent.

Fiate 6 Pinsipel componsat image 1
diaphaging §7.00 of B englained sposnnl
varknss s bands 4,96 and 7. Bigavester
loadings indisate buigheness, ar intenshy,
e Go dominent seqpense.
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Piate 12. An example of a coarse gravel

goovels and sands in pars of the bedvock
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Plate 15. Looking west direcily across
ths fiutings. Subtle topographic
expwossion of fiutings is indicased

by the slight uadulations of power
poles in the near and far distance.

Plate 16. A fiunting siope southeast
of Hansa (Figure 1).

Piate 17. A binery theosholdsd image
of the largo-scale fiutings sebecone
showing sen-facing (black pixels) and
sun-opposiag (whiss pixsls) slopes.

Plate 18. A three-tons theesholded

imags showing "fiat” surfaces as lght
grey pinels, seeper sen-facing siopes

as black and sun-opposing siopes as whise.

Piate 19. Photograph of a November S, 1984,
Landsat TM saow-cover sceas. Fiutings are 20
longer discernible with a soler azimsth of
199.6 dogwecs. Soler clevation is 2041 degrees.



on with the synoptic view of the earth affosded by

mm-ﬂ“h—ybh-qiy_inblﬂﬂ
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avisomment. Bywon (1969) 4 trated the effoctivenses of such imagry in

wpogeaphic expssssion at a segional scals in southern Alberta using & sow-cover
entonsive physiographic ssructuses and patterns at & synoptic scals was aleo asssesed.
The enhanced imagery wes expected 10 soveal subdued, but sseally extnsive,
puuitios provide geomenphic cluss s ® G thicknessss and dynamics of continentel
ics a8 &k approached and wesnnd fom Lass Wisconsinen Bmies (Burns and Young,
1905; Campholl, 1967; Dyl and Prost, 1967; Rains ot ol, 1990).

pmont of low-rolief




IL DATA AND STUDY AREA

Data

multispectral scanmer sysom (MSS) semsor on January 14, 1964, &t 9:51 am. local
from the Canada Contve for Remots Sensing at Prince Albert, Sask
Mmﬂﬂ;ﬂhh’hﬂﬁn!ﬁmhl

wan. All four

~Mdhﬂﬁnﬁ¢!ﬂ:hﬂi‘ﬂﬂmﬂl
Decision lmages processing system aad sotwese developed ia the Deparement of

Study Ares

The footprint of the full Landest scens ases (Figuss 1) is loceted wishin the Interior
Pinins sogion of westera Canada (Pestapiece, 1906) in south-centsal Albents. Located
sord-aortheast of Caigary, this asee (2 iy 185 x 185 kilomense) is bissssed
Physiographic varissions in this asee sosult primartly Som the combinsd influsnses
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of Tertiery fluvial dissection of bedsock, Pleistocens glacial sedimentmsion and
Holocess fiuvial incision. Thess semi-arid and geonesally wesless plains ase waderiain
dominssdy by Upper Costacecus and Tertiary sandstonss and shales vensessd with
varying thicknssses of Quaternary glacigenic debris (Shetsen, 1967, 1990; Sealir,
1960, 1973). The wmgion displays a selstively flat ©0 gently undulsting topography.
Notabis sseas of moss cbvious slisf ase the Hand Hills and ncighbouring Wintering
Hills (found in the contral postion of ths study asea) and the Neanxal Hills in the
extsoms northeastesn coruer. Thees highlands riss 100 10 200 metses sbove the
suscundiag praicis susfaces.

Although much of the segion’s geomorphology and geology has been mapped
(icish, 1967; Shotsen, 1987, 1990; Sealker, 1960 ab, 1973), soms terrain suites,
including large-scals fimtings and ancisnt meltwater channel systems, visibis in the
Landsat snow-covesed scens, have escaped puevious detection and accurate
idemificasion. Becauss of their often subile slisf, and missively large aseal extents,
thess struchmes show lals or a0 appesent topogeaphic expsession 0 the fleld
iavestigator or o convensional asrial photographs. Low-selief, amaionel lendforms of
this subdusd natess chasacterine substantial portions of the stady asea, and probebly
sefisct Plsistocens, giaciofiuvial fonmatien processes thet episedically affbctnd vast
onpanses of the interior plains. The maps of Shemen (1967, 1990) cleasly suppent this
csatentisn.

Twe Landsat ssow-cover subsconss wem chessa for analysis because they
contained such distinctive landfonms aet identified or mapped peoviowsly. Agpasat in



the first subscons ase cnormous and clongated “lslend” forms (wp 0 five kilometses
h@d““q—wuuudb—ma—d
the larger selict glacial meltwater channsls ase shown on Shetsen’s (1990) mmp of
centeal Albera. A second subscome, south of the selict channels asea, was ssleceed for
low-selisf sopographical enhancement becauss of ths exmasive “corrugated”
mdhpﬂ.mmmopﬂym&m
“fiused” forms, ass ofiea over thisty kilomewes long and a kilomets wide (measused
hm‘h‘nohﬂhhﬁ“-u”nﬂ
suficial geology maps of the asea (s0s Shewsen, 1987 for example). The subscenss of
**ﬂ“udwhﬂh“h
enhancement of thelr low-selisf wpographic expsession becanss of their possasial for

geomorphological inssrpsemtion.



IOl ENHANCEMENT OF A SNOW-COVER SCENE

A goal of imags enhancessent is 10 impsove the vissal inserpsomnbility of the imags
by incesasing the appasent distinctions betwesn featums in the soone (Lillesend and
Kisfer, 1987). Computer peocessing of Landest M3S diginl image dam allowed for the
fhom ths susfacs of the easth and secosded by the M3S seascr. This seciion of he

(1906).

Image Procssing of & Snow-Cover Somne
Linss Commst Semtshing with Seommicn

Contast stntching is & sadiosmswric enhancement proceduse whassby the mage of
beightnoes intenshiss, er gooy lovels, in an image is incseased. Image dan subsess of
clscsaic ssnser genswily displaped & Rmited sange of beightnses lovels, munhing in &
of o greanee dyuamis buightasss sange as indicannd by G hisegnm showa in Figen



9

groy lovel disuibusion wes dons ia osder ® maximiss tonal contrast of the image
while minimising the loss of brightnses informmion within the scens. A 2.9% clipping
of the gooy lovel valuss st the lower ead of the swerched diswibusion consed lergaly
snow-es, heavily vegeeated, or shadowed asees © sppesr black in the sesuhing






Figere 3. Hien am for G bend 6 dighnl image subsssns. Groy lovel value
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Iovel valiue disulbution sstusated Mask snd whits 0 insssase tonal contrast.



Imame lnvenion
The diffescntial illemination of topography psoduces shading depth clwes from
which the buman visual systom is abls 10 pesceive shaps, pastern and selief in &

monoscopic imags (von Gass, 1989). A low soler elovation at the tims of imege
wmuuma*mm-&um
scons. DifSesential lighting and shading of siopes croatod small yot measursble
varistions ia scens radisnce sefiected from the surfaces and seconded by the MSS
seasor. Corsesponding pinel brightaces valuss, sach seprescating both the seflocnce
mdmﬁhmw*w..&h
which pesception of complex landform strechss was mads possibls in an enhesced
imags display (Eytwn, 1999).

Alihough the bumen visual system is sbis ©0 interpust shading depth cluss and thus
secover the theeo-dimensional shape of chjects by using pesceived varistions in ismge
insensity (Horn, 1962; Ramachandean, 198), the seal orientation, or gsomenry, of
topographic foatuses ia an image is 2ot always 50 seadily sppaseat. The disection of
“h-"hﬂh#hﬂaa&dmh_
visual pesceptions of positive and negative selief eloments fom that image.
m~w~h~m*-w~
tho southeast, which efisa sesults in the appessance of invested selief, & confusing
m““u&n*&”&:t:
ssomsl eontmst sisetshed image subost with e sun flaminsting G scens fom e
southeast. Inssspsstasion confsion may asise saganding the soal exicatstion of e



14
in the southwestern comer of the image subscene. Owing 1 the small relative relief of
the stady area topography, this phenomenon of inversion is not as obviows sor
consistent 10 viewers as in images of mose rugged terrain (for example, see Evans,
1990).

Plats 3 is a diginally inversed, comrast stseiched image sesulting in topography that is

ion from the southeast 10 the

monochromatic appearance. Negating an essentlally white image rosuits in a mose
femilier darkencd imags (with ssspect 10 summer images) with the apparent source of
acquised by rader (see Smith, 1987, pp. 42 and 85).



Fate 3. mm«-.-&u—ts:ﬂniﬂ_h
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Colosr Compositing

WJMMhﬁmﬂﬂﬂmhﬂid’
the Alberta Landeat image as encountosod in MSS images of Astasctica (Lucchita et
al, 1967).

8 composits image that is displayed in colowrs thet ase co lemontary 10 the colowrs
secogaision of the topography; morphological dissiaction has been incseased and the
colowss of the fales colour images @0 not cormepond 10 the expected assural colowrs of




hgm—-ﬂﬁﬂ:q—:pﬂ-nuﬂv
assigned 10 e bius, groen and sod guns seepective
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wih e
& Iavested and contsust stsetshed, fhise celour compesies image
:—-:——-qunum
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Brinciesl Componcets Asslvais

Display of single band image subsets from bands 4.5.6 and 7 of the M3S immge
data vesuited in snOw scens imeges very similer in appearance. Principal componsnts
#Mnm‘dnmhmmumﬁlﬁ
n.umﬂuhammmm-‘:m
gosseatod from mathomatically wansformed gy level valuss compuising the arigiael
subest imags dass; ses Davis (1986) for s demiled doscrigtion of the smtissical
Wﬁnmwmm

u“m~ﬁi~~hdhlﬂﬁﬂ
“ﬁl“““ﬁ““”ﬁﬂjb
mzmmnn—hhuu‘*mmﬂb
sefiscunce ianaskies from the snow-covessd surfaces secosded by the MSS seasor.
The smaliest Comelasion exists between the goesa and infiased bands, indicaive of
ﬂﬂw“wuh“mlﬂi—umh
“MW“WH“D&W“M&*Q
M“M“ﬂ-ﬂeﬂ.‘o-mvb
vﬂh‘hﬂu“ﬂﬂ—i““
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h&”l”d4-”lhm1’c1:ﬁﬂlﬂ;ﬁ)i
h’h‘)”“hﬂﬂyohmﬂiﬂi—
m-nmrm-p.mm--aai— tion from all
ﬂmn'h‘hlﬂ“ﬂﬂﬂ;ﬁ?ﬂﬁ
mwdm»hﬁﬁhﬂeﬂc
dffsssnces with seepect 10 the far infiused band 7. PO4, alhough explaining the leest

amount of verisnce (3.3%), doss show soms fiuting detell. The cigeav




Fate 6 Ninsipnl componsnt 1 innge dsplaping 96.7% of the enplained spoomnl
vasianse in bends 4,56 and 7. Higeuvester inadings indioate beighenses, or inssachy,
o G éominent saspene.
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asenniing  @o cigeavestans i Thbbs 2.
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or lazge-scals, panty chennelized, sub-glacial sheet flows. At least two scales of
flank the clongated, sevamiined, secidual “lolands” that sse wp ©© one kilossws wide
wpaguphy (Flase 11) and foguent cooussences of lag bonkders. Concenttions of
(Plam 12). Soms of thess channsls and depesies wese mapped by Shotsa (1990),







so0d §72 south of Covonstion (Figess 1).




lﬁﬂ-hﬁhdnﬁ:—iﬂﬂbmiﬁiﬂ.uﬂ
chennels visibls ia Plase 10.



A specelative explanation of thele gomoeis s in appiications of sebglacial,
al, 1989). Such applications, while beyond the immodiste scope of this thosis, may
prove 10 be the focus of selated, futese stedics.

Lacas-Scale Fisties
kilometses long and 20 kilometses wids ase visible in Piass 13. Locased east of the
varied uwp 10 soveral hundsed metses, with local selisf, betwesa csests and troughs, wp
© thase metss. Swxfice slopes wess estimated t0 rangs generally wp 90 & maximem of
is safiecesd by the slight undulmions of the power poles in the near and far distance.




n-n_.-,_:-:‘ bond 6 imags cant of Hansa (Migwe 1)
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Plate 34, Aa enample of pocsly sennd goavels and sands in past of the bedsuck
comphx southosst of e mula finting fladd in Phase 13,



Elongatod ia the assamed direction of ics flow, fimtings in westera Caneda have
ﬁﬂ—ﬂmdlﬁ-ﬁy_lﬂhlﬂlﬁ—uim
mektweter channels and solated sedisents 10 enormous, episodic, camswophic
(ﬁd!ﬂlﬂthdhlﬂhbiilﬂﬁ“
m—ﬂnﬁgmwm&iﬁ
ﬁﬁmﬁhnghmmqﬁm“dh
esosion. The markedly lower selief of the Hlanaa fisiings in compasieca © the
Aﬂﬁ*ﬂmnﬁﬂqhhﬁudﬁ




Fate 15, Losking went dissctly acvems the fiutings. Subile tapogmphic enpsession of
fiutings s indicsted by e slight unduinticns of power poles in e seer and fir
disuase.



Piate 16 A Swming slope southeast of Hanma (Figum 1),



1981). A photometric function proposed by Minassrt (1941) was used in this analysis
0 model the beightness, or seflectance, of mow-covered sucfaces in a Landeat smow-
regremsion equation, and peovides & measuss of the geomeky contsolling surface
1980), with a valus of ons indicating & Lambentian, or pesfocely diffase sefleciing
Holben, 1979). This investigntion was undertainn pardy 0 domonsirate that saow acs

L = kcos® { coi™ ¢, (L))




¢ = exitance angls
k = cstimated pasameter.

Ths velue of k is estimatod theough & sogmesion of the linearized equasion (1). The
derivation is after Smith et al, (1980), as pasapheased by Byson (1909);

L « b i cos ¢ @
ocos ¢ .
or
Lcose=hcoos*icos®e. &)

‘l’hh”dcﬂdﬁdh“”h“:ﬂm

log(Z cos ¢) = logtA) + k log(cos { cos ¢). @
Louing
Y = log (L. cos @),
X = log (cos i 008 @),
b =log B,
G
Yebeln

The sagession of Y ¢a X yisids tho valuss of band k.



of the sun’s position seistive 10 the termin and given by:

cosi=cos§,co80, +sina0, sim0 cond, -¢) o)

cose=cos, ©

whese

6, = slope senith angls (90’ - clovasion of the sum)

@, = slops facet magaisads,

¢, = soler aslmuuth angle,

¢, = slops facet asimuth,

To estimass the k-value for suow-covessd wpogmphy in the Landest study image,
Topeguphic System (NTS) map shests scale 1:90,000. Slope samples (slope rise
divided by siope ren) wess calculand by msasuring appeonimanly of
.ul-ummm*mdnhnﬂ“
in longd; s run msesusemeent was cxthogonal 9 the comtowrs. Mean nun leageh wes
eppoenimannly 1227 sstses sesuhing in an avennge dlepe of eppronimanly 1.17




»

tom ol Sour Landest imags bends. Ground leagth of the image subset (738 mewes)
wes caiculated for each 63 pinel sawrix, encluding all pinsls with goy lovels
MM«MS

e 57 sumpied chesrvations. Cosfficienss of determination (), b-constents (b-
insescapte) and k-valuss (siope of the Naserised segession Has) derived fiom the
comebesste Bytoas’s (1909) stedy showing that seow is & diffuss sefiecter of Hght &t
wevelongth. Alhough the calouiatsd k-valuss fom bands 5.6 and 7 eacesd 1.0 (Table
4) dus ® catimation ewor ishesest in the segression equation, the k-veluss show that
Lambarsion sefisction (=1.0) for & sow-covesed scems is & seasonshls sssumpeien
The Miansert function in equation 1 simplifies
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Table 4. Minnsort Fanction Regsession Results

Eacameters -
¢ 04921
h-constant 2.6321
k-value 0939

2.7146
1.0808

i K
53§k

L1162

a1



Image Brightness Threshelding
of & method 10 estimato grey level values for flat teerain and tho low-selicf sun-facing
for the rogression of the lincarized Miansert fanction given in oquation 4; Band 6

rogrossion paramoters (Tabie 4) were used becamso of the relatively
associated with the caly MSS infrased chenmel wtilizing a full dynamic rangs of
brightnoss valucs. Plaste 17 shows a binary, theosholded image sebeet with threshold
pixel groy lovel values of 0 ©© 129 displayed as white, and values of 130 or grester
1989). This wchaiqus was used 0 produce a these-tone theosholdod image. Plae 18 is
an image of the flatings sbscens in which light groy pixels (groy lovel values 2122
and £137) sepsessat siopes up ©0 cas degres (considesed 10 be sepresentative of flae
groater than ons degeee.
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Fate 27. A binary heesholded image of the large-enabs fintings indicating sun-fasing
Glask phwsks) and sun-apposing (whins pimels) slopes.



Piate 38, A thso-tens dhashelded inngs of the luge-esale fiutings showing “fat”
sustaess a8 light gy plusks, stooger sun-using sloges as blask and sun-eppesing
dapes as whin.



Reflectance Model Sensitivity

In osder 10 examing the sensisivity of the sefiectance model, the sogsossion
parameters for MSS bend 7 wers usod, s this deta set provided the highost r* value
segeession pasamsters for the band 7 deta (Tubis 4), a diffessace of two geoy lsvel
an anguler diesence of 0.28 degeess for the two opposing slope facets.
slops oriemsasions selasive 10 the sus. The fimings shown is Plass 13 have s
of the sun-ficing and sun-opposing fiming siope facets and sun sxianth angle at the
facets of the Suings. Inapection of the raw dama foum the band 7 subest of the flsting
ooy lovel valuss of shout 70. Tabls 6 indicans thet sun-facing slopes with gevy lovel
valuss of 90 corsespond 1 & siops magnisads of 1.8 degeess, whils smn-opposing
slopes with geey lovel valuss of 70 sspseseat sispes of 2.2 degeess. These valuse






mzrm toond

-ﬁgﬁm

m* o

seler snlmuth

Fgese 4. Nuting sead, sxn-fasing snd sun-eppesing slape fhest angles, and soler
odlmah angle.
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Table 6. Predicied Band 7
Fiuting Slops Facess

m $333337392333323

Siope Magnitude



betwesn slopes at varying orientasions selasive 10 the sun. Plase 19 is & phowgeagh of &

oliminated by their slightly moss pasaliel alignment 0 the sun (soler azimuth=1359.60



) |

Plate 29, Fhonngeagh of & November 3, 1904, Landest T™ saow-cover soene. Futage
--_“ﬂaﬁad‘ﬁi_ Selew dlovation b

20N g



Digisal ssow-cover imagery was used 10 enhence low-selief topographic expesssion
diffssences from surface siops diffessaces (sun-facing versus sun-opposing) as ssall s

wess diginlly psocsssed 0 coeate eabanced image subscenss that sovealed discoete bt
entasive glaciganic landfosms in south-contnl Albssa, and 10 estimate very slight

The s of dighnl snow-cover immgery 1 enhance the subile opogmphic
clovaions. kmags data acquised as closs as pesalble 10 the winser solssice (December




3
that ass moss perpendiculer o the slope faces.
covesed train.
scems.
lost in hess instamces.
dan.




34
sader images should bs comparabls 0 a snow-cover scens.

The geomorphological willity of enhanced sow-cover imagery as an investigmive
end intespestive 00l wes domonsicated in this stady. Vasdy impsoved delinestion of
pantially sapped giacial msltwater channel nstworks (Shetsen, 1990) and detection of
peovicusly uadiscovessd large-scals fitings, illustnts the valus of enhanced snow-
cover imagary in secognising segional-scals landform suites not seadily appeseat from
fleld invenigasion or necessarily visibls on convensional ssrial photngmphs. Image
peocessing of Landsst des peovides enhanced diginl images wsefil for mapping of
thess tepogmphic clements at & veristy of scales. Mossics of full Landsat scenss, 2t &
1:1,000,000 scals, would psovids investigmos with an efficient and accurate bass ca
which t focus compsshengive, fielé-criented geomosphological invenigasions.
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