SYNOPTIC CONTROLS ON KATABATIC LAYER
CHARACTERISTICS ABOVE A TEMPERATE

ALPINE-TYPE GLACIER-PEYTO GLACIER, ALBERTA

ALISON J. STENNING
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lever"wiml diteecian. Devintiona in bhe dlrecti’en ar che

surface wind were strongly inf‘luenced by theé direction of ’(00 mb

fluw. The geostx-o hlc wind dix-eckinnxalso atrectéd nesr—

surrace (:emp ratux-e and stability condition‘s. n dcwn-glgciez- i
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Previcgs studies or enma(:e \and enerzy exchange over:
glaolez's hBVe 1ndicab\ea\ the need for furbher ‘research’ Into
_.the effects uf synaptic scale cha_nges on the '/ear-sux'tgce N
alr layer., For example, the geostx*aphin wind may exert

: mbs(:antial control over nesr—aurﬂce air flw (Strqten and >
' Wendler; 1968;) xomgrén, 19715 nmo_ 1975, Mantns and ...
Saw!'om 1979). In sich cases the glacier katabatic inid e
may not be sul‘t‘iclenbly strong to dominate nir!‘low immediat\ely

" above the glacter. Manihs and Sawford (&979)‘ empfmme

the 1mpux‘tanca Df u!‘uas-slope amblé t winds Mhich may disrupt

% katabatic 10w, There s

in flux"

1975 A batter understandlng of th

* veather.




glacler 'surrac 3 during che ablati.on seaaon.\ A synoptic

classit‘icatiom aystem 1s propnsed ror the summer ablntion .

5 V'axliaﬁlon ixi'tﬂe

N temperanux‘e invemion.

: Locullzed‘ spacial and tempox:al vama 1cm or

_temp ratute and wlnd chax'ac%;eristlcs cxx ‘the

‘inve siona andvkatababic f.low houkd

‘ba useful when aahessing

6 of sTong




. an ax‘ea. of ‘13 W (501 of fhe “total avea of -the drslnage

bssin) and a ‘mean aurt‘ace a1ope of! 12.9"( oung and stanley,
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near the terminus,_ and comprise 1,16 !cm’c!' the ‘basin area
(Faessel, 197") There ‘are several small glaciers -and Y

: perennial show: .paccnes high oni: the eastern s1de of the basin.

Penk) extend down 'ﬁh

on;the. n x',bh siﬁl

iy

B;\d«aandstune (Sedgewink 1966)‘ mtfex-ential ez-oslon oz:<

the sorcer heds hae pmduced 1edges or tetz-&ees\ the more §




b
diatrlbution of glcbal derbion over Peyto Glacier, with

| A
§ particular _‘lm;eresv; in the uhading erfect cau: ed hy the

w3 sux‘revmding mounhuin r:dgéa. He notes that . Ehe glacier :,

tongue experienced 4 stgntficant veduction m datly raduuon,

small 'I‘Egtnn nn the eastern side receiving 161 }ess _than

‘thé maxlmum possible value An August. The shadow"erfecc

: ?blatlon season pxuogx-eased

4 Fbeassl (}91?) analyaed": e air cemperacure‘ dist‘ributiun -

over-Peyt;.n Glacie: er J:he glscier tor\.gue

Lapse rates

were " shown t:o be nurmal (mean value of +B°C pex‘ 100° m) duz-ing

the passage oﬂ unstable cyclonic systems but &ecre&sed sy
dux'ing a.nticyclonl:: condltions favoux-xng inverslons. on’

|
.‘thelglacier tongue, pooling of . cold air agair;s(: the hedrdck

© ridee produced ‘a cempex-ature inversion whleq dnereaged-in. "4

- °
tm:enaity as the a8 latlan $!ason 1 H Foessel

e need fcr detslled 1xwesb1gabion of vertical wind and




1% previods york ‘ot glecler katabatio oy, VL

The ks(:sbatin glacier wind owes 1bs n!‘lgin r.n ls_

tempex‘ature eom:x-ast between glucier fce and surrounding,
8 largely 1ce-free aveas, /Tt was first.deserived by Toliﬁﬁrv j

im 1931. A semi—pemsnent temperature 1nversion :Ls fozvmed'

oveér & cold ‘166 surface, resnlhng 1n a sbablemoundary ;

layer | h_dens1ty contrast: 1s producear as cold sux-t‘a;;e aim..

X 1
A8, denser thsn that at the, same #ltitiideyy but® further doyn-

& thermalily = -

. flow.'1s ch 1zed by's 1&‘\0 level wind velqcity

maximuri ahd- assoclatedsteep tenperatur gx-adient -or thermo~ -

‘aline (Holmgren 19715 Mum-a, 1975,,M\xm‘o and: 'Davles, 1977); kG

7(5\:3 1,2)v " The wind 15 dirécted down—gradient 1n the near '

surrace katafm 1c lay’

Katababic £Iow has been studted hi suh-polar 1ce-ca'p .

ﬂomgmn, 19715 ‘A1t 1978),\ on tnland lce sheets

: (Whillsns, 1975), simw domies (Businger and Ramano, Ram, 1965),

'alpine-bype glaciers (Ekhart 193“ Hoinkes, 19;16 Msrcln,

1975,‘Munre 1975) sub ax‘ctic glaciers (s‘treten and WQndler,

8 Sbreten, Ishikawa an endler, 197‘0‘ Rannie, 197 ). a.n\i
z i



*2930818 BuTyTOW ¢ 4ea0 SoTTsoad HInjvedudy.

NS

Sy oar
L AT
Y

FWNLVETARIL

a3zds: aNIM

7

pue-peads pur.

A0

‘UOTANTOAT . g*T oanBla:




A%

o

)

@ b stics of the ¢ nnd vary’ corxltderlbly»

i . . aceox-d:n; ‘to the glacinl emx'oment. ‘!olngre

(19717, vorking
5

': o ETy

i with & mlnimul in the early qtr.arnoon. Streten;
and, Wendler’ (191!:) descride a pimilar ﬂi‘sht tin

J.nd.icate n double maxlmm In velcaity, one ulightly be’ re

aunrlu and_ the other ln mld-aftermon (_Streten am Henaler,

> \
- 1968). Hm-e “the \dhds u;m:ut Just &roz-e noon. and in







general Towering' of, temperatur
pnature. gradients s

generaleqoling, to uplift '




cooling" 1, eonfined to

(Hum-o. ‘1975). com:lnulng dmm—glncier this ool air becenes







air layer, the glscter wind 1s sisoctated Wit ldske valies

of heat trﬂnsf’ex‘ (H»inkes 195‘3; Lettau, 1966)'

vind “does” hiot’ cheratox‘e preserve the fce ‘sirface, but may . . .\

‘lead €6 increaaed ablation (@etger, 1965). . However, the'
presence of a memopmne nay subs tantially reauce the
vertical turbnlent; exchange and heat transpnrt across the
: Bone o(' strofig ceﬁ.pemture gradient: ()(al'mgren, 7 1'1) i
\Large ‘tenperature. nversions may be deatroyed\by Vtnd -
-velocities of-giedter than 8 to'9 mslat the 10.m 1gver

(13 equist, 19‘57; Holmgren, 16713 - -

2.6 prorae charscbe\ristlcs over Rlaclers (see idix A,

»2‘1”14 \fors notati:m) SO i ]

surface 1aysr 15 dependem’: on stabillby uo'ndiblons ﬂnd the ;

nutu!‘e of ‘the surfuce‘ Eax-ly studies of henz trans!‘ez‘ over

;\ne_) '

s LG Al process ,(arnnser and. msce;, 1966,11‘:,

" The katabauu B
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\ . ;
Desedh (19"9) modlf’:led the puw!x‘ lsw fox' use in all
" stabilities (Eq. 1

¥ R LB AT A P :
o U, = i (Eq-. 1) :

\ 4 ‘.‘Kﬁ —s‘l{('ro, ] Sy e
‘The exponencﬁal law (_Eq. 2 nnds good asuement with

observed proriles n lapse: conditions, bt not' in neutral’:

\
o stable;conditions stnce. greaber deviabions ocour as’

stability 1ncreaqes (uraingex‘ and Llst'er, 1955)
o S g o* %
e i . ilUE = 3
L ol M TR

’ P
Pranﬂtl 1952 u;ed an exponential pru?!.le descripbio{l

prediocing that the  downslope velooity, vanishes at four '

times the height of" mé;(imum velocity in kuhabacic flow
(Eq s E

" Howsver Merkin (1975) noves '

‘this'is not. the case £Or |
[IGoeaiie S Sy

ﬁrni‘ile:s

orlin, and'uses:| .

1ogax-'1cnm1,c' and "

exponent 1&1\{mcbions (Eq ﬂ)




the! serong 1nverslnn conditions enm.men over: 1ce,

the o arnhm;c 1aw @,

i

Hmlever, Alt (1973) used the logarithmic law tv descriﬁe

) ls/genemlly unsuﬁ.table :
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gbserved profiles on- the Melghen' Tce Oap, where stable SR
stratiucsuo}: is wnd oimion The power’ law was found bo\be e
nere represen:ative iinder stablé conditions, Grainger
and Liscer (1966) ‘found that the" ldgsrithmic 1aw was most

repx‘esentative within the boundary leyer, but at very great

na.mutiea (RL >%70.5) tit\was poor. \Sverdrup (1936)

found s ‘tendenicy owards mcx\easea Atpeartty. within the

profile as utnbility 1ncx‘es.sev and "Ju!‘bulence was suppreé'ﬂed.

. Davies (1975) conglude that a log-linegr mcdel

& layer,

may be used 6 describe px‘oflles inthé near
" but should e\ x‘estrlcted to wlth'in 1.5.m of th.e ide ™

surrace (Eq. 6): )




When stAbllity (EE lndlca‘:eﬂ by e\ local. Richardson

number\ RIL) axceeda a certlin vulue, somé auehox-s say there

is' no predictable form £or the wind frdra1e (Dke, 19705~
« Bubinger, . 1913). : Businger suggeats that. " the uritlcal vama, :

o Rifts 0.2, oranodo and) Webb (1970 :lmiicate that BY, "= 0.2

A
marks che sepnratiun bebween a. tux'bulent 'regime cu < o 2)°

and’ a ‘quiet rE&:Lme @1. 0. 2);2 They ‘observed chat\ tempera~

X
ture fluctuations: were greater 1 “the 'turbulent' régime tha.n

»in the. ‘quiet‘ Webb (1970) :uggests that when RL exceeds .

the critical value, the {)rofi],e, mu.y he desoribed by a almple

\ logarlhhmic funiction.. . - At'these values, :floW 1s govemm by J

pruceaus other. thin turbulende; such as Jmaba:s'

Lor! grsvity waves (winn-Nieisen, 1965)‘

A%
1.7 s,ynogcic asgacc

Ininial ‘devel t of the batic wind 1is s
by caln, cJ.eaxv weaf;ner canditiom; (aninger \md 'Hamano Rao, PR

1965, Lebtau 19 6"S’creten, Ishikaw& and Hendler, 197|I' %

§ Martin, 1975, Munro and Davies 1977) = Such conaitions. lead:
\

to weak offerall’control by synuptic pressux‘e gx‘adlent\s and.

mo.at ‘between ‘an ice surface

cret:en, Ishikawa ana Wendler,.

_197‘4) .w,u:p weqk'.gynépti

ressure gx‘adientz 3!

tne katabatic




‘Observations _gnd'icéte nat it ve106#4y and dturnal:
variation of katabatic flow are.closely relatgd o the '\
strength 6 the néar-1oe- fnversion, the: free air lapse
rate and thie net\radiation (Strdben; Ishikawa and Wendler;
1975 Martin, 1975; Munro, 1975): Streten, Tshikaws dnd
Vendler (1974) found a variablé time lag of 3 6o 5 hours .
betueen the peaks and) broughs of nes radiation and: Katabatic

wind velbcit,y on McCdll Glacier, - A broad. Slmiléx'ity was

hoted in the diurnal variat:ons of free air lapse rate and " ‘\

katabatic wind - velocity, Sverdrup (1936) emphasizes the.

close interplay betwsen radiation, wind, and wind gradient,
temperaturé and temperature  gradient: With dense overcast
the surface inversion 1§ usually ‘small, but decx‘eaalng wlnd

velocity will allow increased Invex‘sion strsngth The

ature of the. wlnd px‘of{lle is determined by the tempera.!;ux‘u

prorne ‘and vice versa, ‘both being dependent Jon variations = -

in raﬂiation recelpt, Turbulent transfér of’ heat to th\ga

\glaeier ‘surface 18 de:em}ned by the form, of wing and bemper—

ature prcfiles 1in the neax‘—sur‘!a.ce Bi!' layer‘

surface tempe\mtqre (Sverdrup, by 36)

Under dist\n‘hed\‘neathex- conditions, sy'noptic scale tus e
winda channelled ‘shroigh mountatnous  térrain may-digturt
local glacier wind pstberns (Munro and Dﬁvies, 1977) Upper:

uinds blnwing erpendiculu tc the. glacier fall ne eﬂhance

inte acial shean snd 2y play.a dominant role 1n detemining

whkther' an. r)ba

Fyable xaeabaﬂe wj.nd is present on’ a slope

(Manins and rsawford 1979).




4 S : A T, TR
The profile mast was situated at ‘an.elevation of 2310 m;

in a posltian centx‘a]\ tc and abonb 500 m txvom ‘the- inel‘all

(ng 1p.'4:),  The ovnglying ‘atr msy be, assumed Pepre-—

sentacive of. the surfuée up to a m&xi_mum height l' 1/200 .y g

were ‘made tn the \fivst T, abovF the: 2ce surface, Ab ‘the .

beginnlng of the ablation seas the sur!‘ace -was' rel&blvely

smooeh “and/ free of crevusses and moullins, A8 the season .

progressgd, di!‘f&x’ential ablatiﬂn resulted 1n dohside!‘able

- roughness, with 4 local rellef of abGut, 0.5 1, The glacter s

1 surface ‘slopd’ was '3, qunvth'e victilty-of the pr{:‘ﬁue ﬁ-asc.‘ S

wind and tempemcure comitlona on \c Y

. excessive shaaing, Ic ‘was within.1'dm of- base camp nll'win

‘easy:access for main



Profile instrumentatton |

‘2,21  The ‘Mast .

&s “supp by an“8'm

Tﬂe pmrni\;g

_alGminium mdst (5 cm. in dimnetet'), 1\:1’1 ux‘nss arms secured

8t orie metre intervals above the ‘base (Fig_ 2,1);% e base:-

‘was fastened to a flatifock using.strong wire, enabling the

mast to moye down a8 the 1ce ablated and faintetilng each.’
"'sensor.at. a constant helght aboVe the: sux-race. As the

‘ nblation séason progx‘eued there mly have been some Bllght .

devistlcns trom s Lo !ntex-vsl above Jneanlex'o)peight.

“six guy wix-u suppox‘ted the mast :ln a<vex-bical position,
With four wires a.ngled up-glacter and ‘tws down—glacier.
'The guy. wirea were secuud wil:h bumnbucklea to large \

<bon1ders omth 1ce surfm:e which could ensily be sdjnstsd

ta maintaisn t\:he mast upx‘ighc, The mAsh (couldv_he Towered

when necessary to xvemové the sensors. k; R

a.gé Anemmmeters Pl e e | h

nght—welght 3-cup anemong ters (manufaujured by

N .
C W. ’l‘homthwa.lte Assec!ﬂtes) wexve ll!éd Lp \:hl! ﬂtudy. : '!.‘he




Figure 2.1

The instrumentation mast

21




The anemometexv shafts were mAde ‘of !ta‘lnlegs steel with
mm.acure “besitngs . 'K -pivos on the. uhart end rides ong, .
olished steel'plate. A shutter on the shaft Iriterpupts a

| . R
1ight beam from & 3ivolt 'grain-of~wheat' lamp houged in

~the base of the anemometer tee. Light 15 focused'on a

4

Brobo cell and donverted to a:charge of current which- 1is

mnsmmed By Stgnal canle to.a. tx‘ansis:or s}:pnnex-,

opa:-ating an ‘elec feal 3 on a regl cabinet .

. Ali‘ iLons, &t >ters and mo  were kept;”
!

lean nd dus}: rx-ee during operation, o silicone Tubber,

sesla‘np heing used to x'epel ‘molst\u’e. Ths a.nemometer

nsemhlag was. fra.gile, ¥hich alldws for sensitivity - &% o

uimi speeds, but, necessitstes protection fron damuge in

A 2

heavy ‘rain eqd hatl. . £ . e

1
Sim:e m was” posstblé for @ chﬁnge of: éalibration

. oeour dur.mg trmspm’t or ehe anamometer system (‘Munro 1955),
\

W rheld test was carrted oit before smnpling began, The six.

Al
nnememters b,‘ Tor 05 m ¢

used were mcunt/d at'a heig

aheve ) 1ee lurracq, of dexion; ‘and direnteﬂ

n e Length

into the' w;nd. Thé test 5 cmied ont‘ under anticyclenic




and 1owesb valuea recorded. 'l'h:ls fteld test suggests (:h

levels.

Wacknitz. (1977)" warns ‘that profile orrors may pesult fiom

. \ i o Ei2 )
~aisturbance ‘or the wind !’iell‘i'by the ‘mast, ttself. However,: -

since the %lacier wind seldon varie(l by mc!‘e tha.n 125 7 ﬁ-mu

E'Hs down—glacter d_trection and. the arier omecers rcr_‘ruded

approxtmately 0.5 m up) glacier £oom

GH cmss_gm, ‘the, érror

. was probably minimgl‘ In bhis sibuatiion . Erro due ‘to Inter—‘

fereice wlch 'the mast_may-also be mlnimized by enstring’ that
\

Ceup ratatiun, at: the nearest, po::nt to'th ‘m t) 1s in the ..
0 x

same direct:on as the wJ.nd (turiro, 1975)- : This Procedure as

' folloved before profyTe samplin began

Dmble shlelded ppers 3 nm.,.. ther es

tc. W Thornthwaite Assoola.te!) wexve at‘.‘ta'uhed to the mast
‘crosx-u‘ms at1 and i metres above the 1ce aux-faee (Fig. 2:2)..

Ax‘bil‘icial ventilgtion of l:he senso&'s was not con!ideved ‘_»



Figure 2.2 Wind velocity and temperature

sensors near the ice surface






range.

system ‘was parried out aé Hemr!.al Unlveuity b:fm-e its use .

in this sﬂld, FoRRE s A

\ot2e3 fndétreotibn 3

. i \und ly at_a 1eve1 nf

Z m ahave the 1ce uux'tue, by an’ anmgtaph. The anemog-uph \

T'n“' were _uginterad by digi‘tal SR

lihh e1

nanical (mus.num counti.ng ;
ai uppex- wind velociey limi.e of 1‘4 5.

i‘ecorder, adJu.bed bn px-im: o{lce an- baux-. The vind recax-deu,_ <

ditfu-ence cord =) ‘px‘intex- and* *kidoo batteries

used to pmro) tbn lyneﬁs were hauud :ln a co\'lered sled x'alued
a.bove the ice to keep t.he Lnatmenta a.ry Thc aled wu

g

bV S RN

e e

et



Figure 2.3 Instrumentation mast and shelter

N



and 15 m avove, the ice surface (Fig.'1.1p. 4 ). &

. Stevenson screen contained maximum-and minimum thermometers
(resdatOEODHDS’L‘.andzloonbs'r.dully)anda ¥ e

.. Casella thermohygrograph. During profile rufis, atr
% .

, relative » P ten<

\iency, ‘cloud covor, nnd type, duration and typesof pteclpiba—
tlon were recordgﬂ hourly.’ :This informbicn was used wl\th Ny ke
-synoptic chu.rta and radfosondé data, (from nen!-by stations) ‘

: tu aetine synbpsic cntegories in'later analysis (Chapter 3).

Lnaal rndio weather l'oxlecasts and poz‘uonal obaervatlnna were . .

uaed fux' prior wsrning ‘ot hatl storms. which coul@ da.maga the'

prevailing

<px‘of‘11= lnntr\menbatlon and l.éln 1ndicatiun of. t

and uticipaced synoptic B t:ema. - o3 L

2.6 Sampling des

7 'l'he ﬂurauon and tnmu; cr profile sumpling was directed i \
. Lo \

/ ':a-ard~ E E - “ x j o 5
yo i - \

.13 A representattve value of wind velocity at all 2

sample heights - mean hourly velocity was recorded. L
2. A representative mean value of temperature difference -~ . °
between 1 and 4 m - mean hourly valuu were calculated bo
2 G ‘.

E coz'respond with vim'l va:l.ocity aua.

An pven aun-nuc\m or hourly sam'ples over a2l huur

3“




4. An even duirnut:od' gf hourly samples within \ ' B
|
3 synoptic :ypes (1n practice conditioned by. type freﬂuencfu‘)

- 3 The length of continuous sempling period was limited by the
el |
= B2 I : need to ge the skidoo available for poyeriqg

the syst&:a. Sampling was g=nern1iy carried éut over a6 ] E
LT * - hour period though saveral longer pex-iods of up to 2’1 hours

 were:also. obaerved._ g
7 T o . e
. saupnng waa cam'ied out bebwesn 6th July and 7|:h Auguab,
[

A - 4 1919.‘ The beginning of. the f1e1d" seasch wn\delayed due Eo

vvslon reeraat of'the era.nsiant xmov uns Th mast ouuld
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I : ; CHAPTER THREE . -,

' SYNOPTIC PATTERN CLASSIFICATION: .

B-IM ;

Qv‘v SN

=i A synoptic climatology regards pattezns of. weather (clnuﬂs,

ain, wind eéto.) as an implicit functlon of the surfice pressure -}

dlstribution (Barry and Perry, 1973): “A statler apprcach e 2 e -\

-most appropriate 1 régions where a large proportion of features '

i % form snd/ol‘ decay 'il? sttut:or are pe!‘s!stent. Over the Peyto

Glacter. area,-an extensive ridge of high pressure\excending =

< . ¥ ~from-the nnrch—wescern United States was a” fmmmon énd .persis- 1

‘teht’ feature during’the summer of 1979.  \: " - !

- £

i Syncptic climatalogles have been'used to stratify sub- -
synoptic scale spatial vuiations in psramebers such As rain— 9
fall; 10031 winds and su!'face tempex-abures by estahlishing

correlations with large sealﬁe patterns (elg. Alt, 1978;:Singh,

“ Mooley and Kripalani, 1978, Suckling and " Hay, 1975 crane,
- 1979, Ovexiland and, Hlesce;-, 1980). 4 i

;\’
‘Meighen Tee.Cap 1’ tewns of _physical Ernyse/

* Overland: and nwﬂer 2




"!'
TP

@s80) established six subjective weather cypes for 'the northe

31

ast Gulf of ‘Alaska, which ‘they used to stl‘atl&‘y ccastsl

winds under strong omgmpnm nfluence.’ sibjective synopcic

saf _' analysis involves dssigning. daily weather maps to-different

 categories, . with reeognnkon of the underlyln&meteordlogical
i L ', .processes.” The variation-of micro-s¢ale glimatic parameters
i may _then be. examified ‘within the framework of avmacm-s.cal\e'

synoptic:classification. An altérnative\approach is to . \

exanine assoclabed groups of local cTfmatic data and relate |

\.a1fferent groups ' to d1sbinot synoptic categories (e.g. Crane,

1979).., crane used” cluster ‘anialysis to group days'of. sinilar

o
turbulent £lux charactertstics, n"a sty ‘of ‘the' synoptic T

aontrols ot‘ the energy hudgeC over 3{1 ablating fastk lcE/

s - B .7 sirface. Days “ithin'a paréicumr group ‘were chmractenzed

by bkoadly similar pressure patterris-anddirections of air

! | ol . flow. z - \ s 3

stuﬂy period during the ahlation Season of

1979, “on’Peyto Glaster: -Sands (1966} defines a reature of

circulasion” : as: te ‘‘recurring, dynsnically or {:hex‘mndynsmlcally

. caused; pattern uf\rlw over a limited-portion. (or spec¢ific :

\adjacent portion) ofa.study ‘ared. It .may bé a surface
eatuz'e ‘upper aiz- feature, bt not. both. 1. g

THits partieular study produces.a classificaﬁizm system ! e

Hased on the posm.on of" msdor features a’t the 700 mb 1evel, »

aasocia}:ed upper L

relatl ve: humidi\ty 5

SNE e



L

‘It is suggésted that significant aiffehences in micro-
- ‘scale climabic paraneters. of the katabatic \layer may be
physlcally éxplained 'b“ vulations in synoptic seale weather '
Dondibinns. It 1is 1mportant to be able to predlct the naturE‘

of p!‘ofiles ot‘ wind and bempe!’atu!‘e within the bo\md&l‘y and

3
katabatic layex‘s (;nd their 1mp11:abions for heat flux Nt =2,

megnibude) from large-scale ‘more readily’ avauane synoptic

" 1nremauon. N . |

\ 3.2 Suimn‘er »)ea:he%"‘ conditfons in the Pexéc Blacter-region

During the sumner, zonal flow and cycloniec actlvity reach

a minimum over western Canada'(Bryson and Hare, 1974).  Pacirie)

cyclones are- most active over the :Gulf of Alaska, the Aleut‘lans

and inland Alaska.» Sauthex‘n Britlsh Columbia and Alberta

11& south Dl' the maiv disturbance Zone in ost .summers. \

In ‘spfing and -summer, sérong warm-cored ridges or blocking

anticyclones commonly form over the Gulf of Alaska, the -

Pacirie\ west of British Columbia orover: the’, northerx{ interior. '

These blouking antlcyclones sereen western mainland areas

. Yfrom Paciric storms and 11‘ persiSCent, may result in ccnsider-

V. ablel anomalies 14 preeipitation and- tempex-ar.urg (Bryson and
Hare, 11974). Comonly, persistent warm—cored ridges or highs ‘

“overn the norhh-western United Stabes cause mud Pscific air

v N m\flow onshore The lon level Pacil‘ic r‘egime 1s domimte\ﬂ

by 'the: sut _‘x-opical high pressux‘e centx‘e 00 kn off the
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»\Bx‘\}tish Calumbia end Alberta du!‘ing

western British - Columbia. Hruq : ; 3

. eastern Pacific ucean. klternately (and more coinonly 1n e iy W

" ‘the* suminer: ar 1979) confinental” trupica.l air; ccnditioned over -
o

The arigins\of the major ﬂix‘ massea 1nf1uenclng sputhex‘n LS

e ‘summer are (Fig. 3.1):

1. Marfttime Ar ‘1::- Wester]y Winds moving over tfie c&l—‘—\
north-eastern partions of the Pacific .ocean arrive o\n ‘the

west coast with a near-moist adiabatlc lapse rate, and with

high humidity to a aonsiderable depth. (Bx‘yson and Hare, 197’4)

S 2 Maricime Polax‘ - Westerly winds from warmer, more

southérn portions 0!‘ the north Pacific’ subslde I\'om 2 sub=

tropteal anticyelone and move directly eastward to rH\e coast.. .

Mardtipe' polar alr will dontnate. over tie study ares \:hen-

ever \the aub tropical high ds’ well established o!‘f or \over

3¢ ¥ Continental/Maritime Tropizal: With the sub-tropical -
. g : - o a 7
anticyclone positioned further south, maritime-tropical air .

ma'y be, drawn in from the warmer sub-tropical portiion of the,

maritime pcler air ingo' the Peyto lacier region" (F:Lg. LR L

'»passa;ge over. the Hoclqr MounEaIns‘

' the" hot, dz-y areas 01‘ the snuch-wescer;n United States,\arrives

ovex’ southern Britiah\columbie and Albex‘ta frDm the auuth 0!‘

south-west)‘ . ; fol .
3R TR S y o

. Howéver,, the predomlnantly westerly upper a;z-stream .

ovex‘ Britlsh 001umbia and Alhex'ta cs_vries maritime Ar‘cﬂic or

M, x;u—.ime Qolar atrts
"\ T
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5 : ‘- of 1ts moisture on che';uindua\z-’d slopes of the Coasbal Range
o Lof Britisn Columbia, ﬂ‘nd ranges further east. Adlabatic
varming oceurs duking descent ‘o the eastePmside of the

| ) d " moimtatns " (occastonaliy causing chinaoks on western sections

| | rof ‘the px‘alrles) Intervening spelis of continental tropteal .
air aré characterized by high temperﬂtux‘ea and low relative
humidity, and’are responsible for the hottest summer weather
tn ;he Peyto area (Faess_el, 1974). - PRSI

W
i b : Cyclonic depressions influencing the atea begin ds waves

S "' “ on the" polar ‘front between tropical ‘and ‘maritime polar air,’
. developing rapidly, into closed depressions which move forth-
eastwards towerds Eritish Colutbia. Some may terminite ot
Vo the  o0ast, ‘ohery follow the. coast naitnwards, and" some
: e conbinue east over southérn British Columbia and cross the'
A ) \ Rocky Mountains intq Alberta, briviging frontal systems with
: accompanying ‘s16ud”and precipitation to Peyﬂo Glacler. sl
i - Orographic depressions or *Alberta Lows' nay, form over- {he i e
nountains. as.a redult of. turbulerice and unstable condtbions.
Oyelonte ddsturbance may also'arrive as cold fromtal extén- i

sidns fx'om sub-polar lows over “the’ North-West Territorles and

. Yuknn. - . ¥
~ g =k e e
42+ 343 !nogtic classii‘ication system \ . R
A‘classiricacion system ccnsist’ing of - five du‘i‘erenc
\aynopnc hy‘pea forthe sulmner ablatiop season of 1979 s, % e

prqposed based on:’



oL The pressure’ panerns as observed on bwice aauy
. P synoptic charts (00002; 12002) at the 700 mb level.* '700 mb

charts were-. used in prefex‘ence to 550 mb charbs, as the 700 mb*

“level (abproximate altitude: 3000 m a. mes.1.) 13 the Lovest -
£ 2 LA | level in which ‘smooth’ £loi may - be assumed\(wukbr, 1961) ‘The

700 mb level jwas considered most representabive of 'fz'ee-air'

sondisions above. the purely localizka dtsturbing influence S

RS
of .most mouncam ridges. E, 3 i . s "

o 5,0 2. Tilce-datly (0000Z, 12002) dry-bulb temperature .
ol » . readings at the 700mb (spprox. 3000 m) aAd 500 mb (approx.
] 5550 m) levPls. £rom Veiron ‘raaiosonde station (240 km south=s

Y g E wesb of Peyto ulscler. Pig. T, p. 3.
i Rt d .
Bs: Twice-daily (DOODZ 12002) relaclve humidity at éhe

700 mb’ and 500 mh levels, obtained from dry—bulh and dew-

point depression'data from Vernon radiosoride station. -

i W § “ wr - Vg i e
5 : 4. The upper, alr bemperabure lapse rate between 700_mb,

4 . 1

; ; . .and 500 mb (,:x-om Vernon data). vy

)

S (I 3 gt 5. Cloud cover add type (frcm observabions at Peyto

Glacter), " J . i i :

.6.. 700 mb_geostrophle- wind ‘direction for Peyto Gjauex}, £

cém‘pub'ed* Tom -Ghe twic@daily synoptic charts (0000%, 12002)

s

[ Synoptic ch\ax'sa and radiosonde. data wex'e ‘provided by t'he

‘Atmospheric: Enyironment Service (A.E.S),. Fisheries and
canadu‘( ional. Ofl'ice) 5 i




7. Base camp barometric px-euur’e, maximun and_ nunmu-

= duily tenperst\u'es and obsérved weather condition!.

: e ‘vaa synoptie categories are defined,/at tha 700 mb 1eve1
as follows (Table 3.1): b '
. '\

T i1 . TYPE (1) cvcmnrc PACL‘PIC' X‘nflue ce 'frum a 700 mf low -

pressure syatem, centred o the neat of- the s(:udy
area ovez- the Pacific Oce*n \This cutegory sl

9 o oreally wasooiated With & well developed surface
§ 5] > 0wt (Pag. 3.2). e DS i &0 S TS
| meee (2 - vmochLr cxcmmbx Influence rxjom 2,700 mb \centre

TYPE. (3) Pﬁououncizn -ANTICYCLONI(

= .fmm the uescern United Stﬂ:e:, through 'Alberta, \
2 Bl’".ti!h Dolumhln and into !u‘kon and Alnska.
woE -3 . .(pxg. 3.8, - O \ :

L. . TYPE () < WEAK ANTICYCLONIC: ?Ihfiuenee\\ from a ve-.kex-_ £y

amplitude T

‘mb-Fidge of high pressure exteading .

from the Western United Statesinto British
Yor WL >
TYPE (5)  WESTERLY: ZONAL: _Flow at the 700 mb' level westerly. .

< e el R zorial - not; clasuil’iabl! as cyolnninn‘!‘ an;i-_ N

. Columbia and. Alberta. (Fig.

P _cyclor}c (ng.as). A e e ) 3 E e




1 MBAN, CHARACTERTSTICS OF SYNOPTIC 'rigss
'm’s. 30 7 UIYPR b TYeE 5 'P! . LEVEL OF -

LOGAL'' ~ PRONOUNCED WEAK WESTERLY. RATIO . STGNTFICANCE,
YODO)IIC ANTICYCLONIC ANTICYCLONIC ZONAL »

D i, 26.9 0:01
ug 13.8 0:01
1209 10,0 0.01
5 P - 11 :
. : : 275%" W»B £y
e ‘-', Coe P e el mee | ol
g9 08, Gl Ty 0464 3.7 " T 0.0y -

- 7/10.Cu, ‘9/10::152 "2/10°C8,01 " 3/10"Ac,Sk . 0.01
R 5 doiee Acjow . o1ou-
799 ., 8ok 803 font 798 2.7 0.01
- . .
8.7 .15.8 a3 - 126 a0 0.01.
©. 240 5 [ X TR o o 2.0 . 0,05
: Hre e

arisbles tox' each uﬁuc time are ‘included m App-nd\ix,f. i
{18 of n ucanv aif bowaen b eypuvua in A};penqlx}.

b ) X
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o Was used for t{xe variance test

Snéd‘ecnr"‘s F test of/ Variadce,rev:éaled that, using a ‘ra'ydom
sample selected from the study period, differsnces bétween

the five categories were S;gnitigant"a: the 0.01 level (1%)°
in the following (Table 300 t L >
L. 700 md dry-buld temperabure. s
12.77700 mb relative hummicy. 3

: 3.. 700 'mb wind velocity: (Dnly slgniticanc at “the. l) 05 level)

\vh. 500 mb dry-bulh tempex-aﬂxre.

5. Upper air temperature 1s.pse-z'ate (700 mb \to 500 mb) ™
6; Mean cloud cover. & . i1 i
>T. Base camp mean: daily maximu.m temgera.ture.

8.’ ,Base ca:)mp mean daily minlmum (:emperature, (only

3 " . i
signific&nt at. the 0. 05 level) R T A\

9. Metn® base camp pnessure. ;

The 508 mb relative humldity did not show slgniflcam: varia Al

tion (a\: ‘tne0. 01 1evel) becween aynopt}c categories; nor' bk
ata the

00 b geostrophlc wind direction A11 hut two of

3 wlnd dix;eution lay between 180° and 3600 /producing A
.suf.t’iciem? variation f‘or use as a distinguishing inter-gz‘oup

characteristic: W 59 i k 3

Fa

"suan:stical procedures arecutlined. in. Appendlx-B. A randon
sample size of one third the total number.of hourly observacinns
\




-cer;s\tics_ (Table. 3.1). The "Local! Cyelonic category (Type/\Z)

. Synoptic.types 2 and 3 show mo$t.contrast inléharac

has 1owe'st mean temperatures at both 700 mb and 500 m5- leyels |
(-1:5° ‘ana 216,7° respectlvely)(, and the smallest upper.

air temperacure 1apse rate (0.59°C pex‘ 100 m), This type

15 characteri‘zed by high mean, relative humidity gea; at .
700 mb) and high mean cloud cover (9710). Thick ‘strm}gs ;
‘ana stiﬂaéocumums “eloud, ‘often wm{a ase s Towis 20001
o 3000 u brings’ presipltation as heavy rain, soft hatl | or

snuw, acccmpanied by gusty \vind:w ‘. 2 //

In contrast, synaptia type 3 (Prono\mced Antlcyclonlc)
has hlghest mean temperatux‘es at both 700 mb and 500 mb

. 3°C “and ~10.5°C respecbively) 2nd the greatest mean upper

alr temperxture 1apae rate ' (0.73% per;100 p).- The high

“value,of upper‘ alr ‘tempevaturé lapse 1s due primarily to =

intensive surrace heating by. day under anticyclonic conditians,

causing heating of cns lower atmosphere. and a greater tem--

perature difrerez\ce etieen the' 700" mband 500 b Tevelss .

Synaptic categox‘y 3 has the 1owest mean relative humidity— —
(434 at ‘700 mb) and Towest nean cloud cover (2/10):
preclpitetion was recorded while bhis synoptie type wé,s i\ iy

dominant. ‘Cloud types observed wére mainly cirrus and.

alhocumulun B

Synopuc type n (weak Anticyclonlc) 15 alsu Bcoompanled

1




s - . i
. Cyclonic), the 700-mb and 500°mb mean dry bulb tempex'acures

* Precipitation with ‘this type occurred as

dry bulb: temperatures of 4.2°C-and -12.9°C respectively

. conditlonn (uynopuc types 3 ax\d. ‘l) anecunt for. l;} ar the

lapse-rate (0.729% per 100 m) and low relative humidity . -

“(u58'at 700 mb)._ Mean cloud cover ‘was 3/10 (Haze, Ae, Sc,

Ci Cu) wnh no precipftucien recorded.

“'Synoptic type 1 (Cycinnic Pacific) 1s.accompanied by

poge 2 5 ;
slightly warmer air temperatures than.type .2 ('Local’

being 2\2 ¢ and '-15.3% respectively, .m:n a bemperature RTINS -
lapse-rate of O, 5800 per; 100 » The aiz' is quite ‘motst

(méan rolntlve hunidity of 65} at the YOO\mb 1evel) wlvh z Py

3 mean cloud uover of /10" (ou and . reﬂnminate) Y T

ain, hall or sleet '

vith occasxo\au thunder showers. _ o ¥

synopue typ! 5 (Hesterly Zoﬁu) has uppe\er’ teriper-
ntu;-zs internediste between anticyclonic (types 3 and 4)
nnd cyclenic (types 1 and 2), with 700 m¥.and 500 mb mean

(upper air temperature lapse.rate of 0.64°C per 100 m).

The: zonal flow is quite moist. (mean relative humidity of

- 61% at 700 mb). with a mean cloud cover of 5/10 {Cu,- 61 Ac, X N

Sc) Precipization ocnurred as rain or hail in thlmderstoms. J

7‘," Frequency of types _' Vi .: ¢ e
"‘—q‘“—FﬂL 3 L %

{4

gy

&

‘the period 6th -July to-7Ch Auzuet 1979. Antlcyclanic

)
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" Number of Bynoptic Type Cases
“ @

»
n

“

f’/
od’/

TYPE
h =8

Tybe TvPE

¥ ~ Znm
Pig'ure 3.7.. Frequency of ‘occurience of synoptic types

{nunber of :charts in each tategory)
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‘_1.165 d.in eueh cntegw'y lnd “also

Wi E g sibdmdes the. observations into day (0700 to 1500 M.DiS.T.) |
/ Ilﬂ m&ht (1900 tﬂ 0700 M.D. T.) pll‘lodl-
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o e " CHAPTER FOUR .

v ANALYSTS OF pxums,mm

T .1 THe influence “of the 700 wbi  peostropntc vind ‘on the |
i S e gldoter ka}gabatin wind, - b i

Duiring the siimer £1e1d seasoh oF 179, ‘lesterly

. 7 upper dir winds. (as, computed from twlce-aauymo m -

. synupbic charts) prevailed ‘at Peyto Glacter. More than -
i 20! of wimis at the 700 mb level were from 275°, "I‘he;‘e o .
B were relatively few cades \m whfch mé upper umd Wwas'An

a’ down-glacier direction (m. frm 207%) (Fig. §.1). -T.he

b . _‘ : upper air wind rose shows a pronounced clockwise devim‘:ion

o ) from the glacler, tall-line. y T oy g :
g iy T ¢

n contrast the wind 2% 2-m sbove bhe dce sux-race,

{ as observed at, the glacter meteorologcal’ fs1te, dem i

a px'edominantly down—-glaclez- datrection (Fif. M 1) There

1& a definite clockwise dev&atlon of £he mean aurt‘ace wind

; direabion from the ‘Blacler fall-line, which coincides ui‘bh
: |
the 700 ‘mh rrequency distrlbution. Dnly 3% of the x‘ecorded

‘hourly mean’ wind diredtions fa1l nutside the quagrant IED°
tG 2700, Nibh -over. 20% of- va!Q!‘Ved Hind! being i'x'om 205° and -
over": 205 from 225° :




700mb WIND

‘No.Samples:181
|55 = ’ ; A
DOWN=GLACIER s 3
& DIRECTION. . 671979 = 781979

y. o
DOWN-GLACIER *
"OIRECTION.

Figure: 4.1 700 nb -and surfase wind roses:

' 6th July to' 7th hugust 1979 )




A

Hoi,evar‘the!-e 1s considerable variation i

urface -

wind .dtrection within this quadrant, under rul‘ferent b Y

" Under cyclonlc conditinns the rrace vind di.rect.ion

shows “a greater tendency to devlate more rrmn the glﬂcier ; P e

rau—nne. Under dyclonic Paculq Influence (syny uc’ Ny

category 1) 30% of “the sux-face‘ winds observ_ were: h-om

| 205% and a sms].l numher of hourly o] servatians (71) were

(:o the rall~line (Fig 10 2). Greatest disturb;ﬂce cl‘ the :

suz'racb ¥ind direchian occurred under 'Logalt Cyelonlc g

. cacegory 1nc1udE ‘an up- glaciet lpu 1eve1 wind associatei

with z-ougmy up-glasler ‘Flou at ‘the :700 E 1evel (Pig. b 6
wh‘ust 13% of cne hourly mean surface wmds mre directed 3
elther: up-glacter n!' perpendicular to the f'all-line (ng._u 2)

The ;predoninart surfaee wind ‘@lrection was - from- 235% ‘}1!‘ !

“Under Westerdy zonal flow. (Synoptic category 5), log vof the

surface wihds were rrom 225" Desplte a t‘a:lrly consistent

upper wind dix-uct:ioh under-these. condibibns\(ulockwlne of -

l:he glacler fall—line by- '45 tc 75 )‘ there were' suhstantial

devlatinm observed in the direc:lon ol' the glaciez- wj.nd i

asurfg;g 'vq‘lnd Clocknise devlation oi‘ the upper wind rrom




| TYPET, . L

CYCLOMIC PACIFIC

{ R 4 s

| No.Samples:151
Nt

L.

DOWN-GLACIER
DIRECTION

- TYPE-2 . .~
"LOCAL CYCLONIC®

ok
* No.Samp
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# onstrate that under both uynbptic cstegories g zmd 57there
i

"“the '?m-ra e wind'occiirs. on several occasions. with a weak

the glncle!‘ fﬂl—\un& (Pig. y. lu) 0!“!63 the 10" lgvel wind
‘o be simliarly deflected under synoptic oategorles 1, 2 and.
5 (Figs. 4.2 and 4.8).  Most pronounced geostrophis Gontrol
Gecurs under. Local! Cyelone: influsnice (Synoptic category 2).

Pls. 4.6 shows that.under such atrong control, tbe 'surfuce

\dnd may be ehnz-aeterized by an up-| glAcier Tlow (observed Dnly

_Aint’requenyly) or more commonly modified to flow roughly -

pex‘pendicular to the fall-line. !igurea 4. 5 and n 9 dem=

1§ similu gaoutz‘ophie conh‘ol uf the glaclq!‘ wind .direction,
Which\la dsflautea in a clnckwiﬁe airection from the fall-line.

__Under unticyclonie xnrluenee, with weak synoptic prmure MO

gx-scuencs,/cm surface Wind du-ecuon 1s 116616 affected

“by the 700 mb direction (Eigs 4.3 and 4.10), and:flows con-

siuf,%ntly doin the glagler fall-line, with deviations of ~ 8
less  than 25%. " With a. dominant high pressure ridge
over the Peyto Glacler ax'e? (Symptie category 3), IOZ of

the observed grface -mds were from :205%, 1.e. directly )

‘_down-glacter (Fig. 4:3). Figure k.7 rm-chexvenphu'ueu’ |

“the wealness" af control by upper winds under mticyeloﬁ‘jc -3

N
condition!, whan a slightly anticlockwise deviation.of

high pr'essux'a x'idge over Peyto Glacter. (syne ‘tic ‘eategory 4),

‘more thsn 208 of nhserved, urﬁace nindu bg'en direcﬁly

donn—glhaier, more than 20% were rrom zrs° and a furt er

203 from zzs° (Figu 4:3)." ‘is cabegory ahows slight 50




\ 700ms WIND
SYNOPTIC TYPES 1,2 and5
No.Samples: 113 |

~ : ¢

700mp WIND ©
SYNOPTIC TYPES 3 and 4
e, i S




" 'be significant at the 0.05 level.”
{ i

1 * A ~
clockwise deviation of mean. low level wind dlrection \rrom‘
the fali-line.. Comparison of 700 mb and’ surface wind %
“direction flor 1ndw1dua1 ‘hours (Fig. 4.8) shows that even
With the 700'mb wind.directed vp-glagies i thexb-1¢ 11ttle

- qeviatien\or the surface katabatic wind ‘From the fall-1lne.

" The relationship between 700 mb wind direction and ..
“duirfacd ‘wina veloolty was alss consfdered. Several previous
studies have rioted the apparent augmentation of surtace
wind velocities by synoptic scale ‘itnas _blowing-in"the same
direction (Businger and Ramano Reo,’ 19653 Holngren;_ 19715
Streten, Ishikawa and Wendler, 1974 Martin, 1975).  The

700 mb wind directions wex‘e computed from synoptic charts

. to correspond with'all daytime ‘surface wind prot‘ile :

observations. Fig. la.uﬂshows g;negativg currelabion -y
btween maximum surface px-afiie wind;‘veloclty and’ the
atrection of the 700 mb wind 1.e. yeatest sut-race velo-
\clbies oceur with al x-einrox-cing wlnd at upper 1evels (for
a_‘1N1 .synoptic, cm:egories). T_h‘is‘co!'rel‘aticn was ‘found. o
)

4.2 _Depth’of ‘the katabatic layer and wind veloeity profile
shape undef d1fferent synopu'c influences.

Slnce initial developmern: of" katabatic :flow has been -

¥
~ shown elseuhere: to be favoure by caln; siedr /conditions
(Euainger and Rmmmo mm. 1965, Lebtsu, 195‘6- Streten, .
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favour a strong near-surface tempex-nture 1nversian above

o

y ot | k)
Ishikawa and Wendler, 19713 Marsin, 19753 Munko and Davies,’
1977); wind and te:\nper‘a.‘éuz-i\s( profiléd obtained at Peyto
Giacier were exanined ot kababatic émiact:‘eris;ios ‘upder

the' different synoptic categories. g
' ~ N

“iIn theory, anticyclcnic conditions in summer should .

the glacier, with a low’ level wind veldeity maximum ana,
thermocline which typzfy katabatic flow. During the day,’
“with high:incoming radiation and only soattergd clouds,

‘the temperature contrast between the ice surface and . |

sirrounding ice-free areas is at-a maximum, and air advected

over the glacter Has a relativély high

bient température.
At night, strong near-surface irversions may be maintained
aue to. significantly warm‘ev atr tenperatures associdted
with Bnticyclonin Soniitacis and sbeang surface cooling #®
(ravle 3.1 7.38), Antleyelonid synoptic eondlblons, .

which favour well-developed katabatic flow, (Flg. “‘qlz and

"l‘able 4.1), thus result in e higher frequency of low devel®

\)

wind velocity gradient x‘eve!'sals. Under cyeloni¢ and zonall

conditionh hcwevex', small strengr.h 1nvez‘sibns and’ tux‘hulent

wind condition.! “lead to lnfx‘équent low 1eve1 wind velocity

gradient ‘réversals and poorly developed Katabatic il
4 X g
A " best (see Appenaix ) simwed & very significant :
dif!’erence (at the 0, 0\)1 level) 1n the nu.mber o{ low level
-

wind' velocity maxima_observed under” each”synoptic typa, a5’

p: ‘tq”t_he_: jfreq ncy. (Table: u.1,)._,.--

g

|
)
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'I‘ABLB 4.1 PNEQUBNGY OF. WH LBV'EL VHN'D V!LOGIT!
BMDIENT ( ) FKVERSALS (WITHI)I 6 m OFTN!B ICB
SVK!ACE) AGCORDING TO momc CATEBQR‘I

ST % -

CYCLUNIC 'L&:
PACIFIC. cycmuc ANTI--
.CYCLO

‘z profiles with low
devel velocity ve-.




gusty, stoi;n‘-nsoeia‘:ea winds (particilarily undel Modall..
) \'Ltcu'. s
X

Gelonic influence: synoptic type 2). .Und
in wiirl e

" Cyclontc influence profiles show '11ttie variatiol

'\ veloeity with helght (F1g:'4.13b).. Smla.rl,y, er wesm-ly
4 T.enu flow. (aynoptlc type. 5) profiles tended tows s a . "
= regular logarithnﬂ.c variation (Fig. 4, ue). As eaAy wind

velociby or 4t 6 mu'l ‘was maintnined over, long pex\iods

Synopt;.w type._ (1) (Cyolohic aeiﬂc)' ‘also; 1ncludés a8 g
1eh . do noc exhibit a low evel

lax-ge numbex' of px'oriles 3

pma(ile s typicau

A 'ae!gons fate 2 large’ vax-:.amn in velocity betwaen “helght
\;

cons!‘ Ambly higher Jelocitles thnn Ievzls neux‘er t he ice

surtac‘ vhich nay have been & reault of.the rem‘rurung X
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" 'Both' anflcyelonic types (ayy\opc{c types’ 3 and 4) favour

the development of a shallow katabatic 1ﬂy;!' with.a ‘wind

\ E
velouity maximum between 2 ‘and b om above the ice sux‘face. ¢

L ngever, occasionally: the profiles_may be modified by the \:

2 ] - o s 2 ¥ onlt
passage of weak frontal systems (not assoclated with. strong |

3 cycloniu flow at the 700 mb level). Fig. 4.14 shows. the 4 \' N
PRy T -‘mudifinat:lcn of pmrnes on 2ist" July with the" passage of 5 \ﬁ 3

a weak warn !‘ront\through the area (overau sbrong anti. # |

cyclonic 1nf1uenc=). With the passage of the front, the

strexéth ‘of the piace teip ture 1 ersi ease ’\5\, i

}
 ow 16vel wind veloolties mcrealsed and the profiles: became

A//‘"

‘wore llnear, shcwing “legs ‘katabatic curvature. | . - Y

()nly & small number uf‘ prefiles in each category demon-
strats a Velucity maximum 2t 5oori 6 m, suggesclng that the
synoptic ‘types encountered are mos;ly assucim—.ed with either

B.lOW 1eve1 wind veloelty maximum (anhicyclonic types). 01‘\

cnly rax‘ely shaw a ma.ximum velocity within the fiz-st fm. - R

'(uyclonlc and’ zonal types), u
‘

Stabiliby 5 the katabatic layer: .. Clie

P ~ :
Sbai’iliby in the near-surraue alr: 1ayer ‘was described .t

by both a ‘loga1 aid e buk Richnrds}nmumher The Richn!‘dson

which' mechanlca:h,

ergy. - fi ‘burbulent motion is. lzeing dissipated’

\pro uced) b uoyéncy forcés (t'ree or natuml convection),

“to.¥he rate at which ehanical ‘energy ‘s.being. p Exad.uceﬂ‘
forced or m&chanical -

’ﬂumber \1§ defined as,‘ "the ratie:




b

1

3

““HEIGHT ABOVE SURFACE tm)




'l'he locul Rxehardzqn mmbex- (.R:l_) s given- -ky
aT
Ril. 6 31
£ =:dcceleration due to gravity (ms~2).
iean tmperatura of the air 1“9!' (Ky.

L; a f.eni;euture diﬂ‘grenee over the, height intex‘vsl

Dy :
AL7‘ - M.!‘t'erel;ce !.n vin:l elocn:y ver' he heigh.t 1ntex'va1 g
iy s 7o, ot

v !'ei.af.ive urut:ure oz'. che nnd pnof}. a”a.nd :nrxvgctive




wind, velocilty 1s U ms™

* Ve the hélght above. the 4ce Sisrase. ot HAELNE wind
" velocity (fullowlng Holmgrenr 1971).

\The- atabilivy of the neﬂ!‘—ice Bi!' 1ayer as\described by
the, bulk Richﬂx'dson nunber, - 1s. thus dependent on the Xem—
perature ';trsczricatlan (free br nstuf‘nl‘canvectian forces))

‘and’on the low: level wind velooity (l‘orced or meehanioal
convection forces).

fur mB > 1) Fig: u‘16

This distance was taken to ; |~
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__correlation_ eurncxené,axminmrn 0.001. ‘The positive partial

“glacier fnll-une _cause comidemble turbulence  in the glacfer

s " i =& % o iy
exclude the effect of inversion strength, . yields a negative partisl

correlation coefficient’ nen-een Rip ‘and Anversion strength. -
(excluding. the effects of wind. n;ocuy) 1s dlso uignirlcanl:
2t:0.001,

G T =
stabllity . / ¥

The direcylon of g:i'ne 700 mb ‘wind (gbci'e the influence -

of the glacier) has important implications for the stability \

of the near-glacigr u’j‘.zj,i'uer. Under cyclonic c'umit;loi;s, S
‘;ppei-' winds blowing scross an ice. slope enhance interfacial R
sheer and may play a dominent role in determining snether or ‘
ot & true kanbal:ic flow is preunt (Manins and Sawrm-d
1979). At Peyto} upper Winds blowing perpendicular to the

basin, resulting 1n distortion of the se-peueure and wind

i X
‘filelds in 'the nbu-—surrace 1ayer. Undn these cnndii:inns a P

conslderuble dacraase 1n the =nbuity of the katnbab:lc 1ayer "

1: co e expentad.

%)

¥ %
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700 mb- WIND DIRECTION °

S N

%= 016

(signi Ficant at.008) - .
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neas\u‘es of. mbniey show..a deex-ease as che uppex- wind dlréc

tion devlabea from che fall-line. The stvength or ‘thé near- \
ice

nversion also tend to. decrease as r,he upper nind deviates»

- from Gown-glacler and 1 2o the near-.

surface tempgrnux-e uhratlrlcauon (!'15 ‘0 9):s

Allynencatinn - e
of smltuce wind, velucl\bles by af’ upper uin‘d in’the sanel e

dlracuun s noted in secelon R

Holmsrsn X971y l’cmnd that on_ the. Devon Ialand fce-cap

e E
y upper uinds directed down-glmier gnulted 1n \ln s;ahilicy

of the _ngar-‘lce air _‘lnyex',_thanr upper. \l;lnda ecked uv-glsuiar.\x

- These, constrastinig ob’sew}uﬁiona ave a resull he dmare ce

0 glncial emlnonment. Il

he Devan Island 1cuabion ubpezv

‘winds' dlrected up—glsl:ier result in advecb!on nr ,wnmer 511-

from the suxvx-eunuing pceanic areas

1r:}:reau

R neu-—ica 1nveraion ntrengqfr and

wis cnlculated az-'em:h synopc %e‘ypeﬂ

rrerenue l\n Atlbllity’







TABLE .2 | NEAN L,ocg:p STABITITY VALUES

“SYNOPTTC R I N
CATEGORY - OYCLONIC - “'TOCAL' - PRONOUNCED:-
B pscnvrc . CYCLONIC. ANTICY¥ELONIC

(A square roob tmm rormatinn wa ed o nomalize the \dace. -
The' difference between me®ns . is® significant at the 0 01 level
(F or ! ENDIX B).

crdzr o' calculste easure of bulk sbability, the leve 4
<A s
maxlmum Mnd‘ veldc:lty hadlta lie withj_n the

tions ;’ msny protiles

alow. level vélocity, 'muim:m (seetion ul z) which may have,




. SYNOPTIC % )
/CATEGORY - ‘CYCLONTC 'LOCAL' PRONOUNCED

LA quare-root trnn&té}mtion ‘was. used to nnrmalize the data.
“The diffeberice between. medns 1s significant at the -0%05 level:
(l?‘rat‘ 0f 2, 5) ‘Snedecor s P-test: for variance. APPENDIX B).




Ty unstable, sm-my condi;iona Whlch 1nr1u\mce\:he ennre

s hasln.' However, even. \mder these unfavouz-abie conditibns a
11 strength\ 1nversion \vas mainbained near ‘the ice surface
in all but three hourly observstluns when a very sma‘u lapse 3

was’ Pecorded between 1 id ey 122 §
\ . 1, 4

Variak;ility of ‘the strength of ‘the. surrace tnversion ;

{shmm ‘by & mean hourly stnz\dar'd devdation ‘o témpera\mre -

signfl:fica 't ‘@iﬂ'erences ‘un_der L
Table u*.s)., . e

swopre L .1 "'1 3 4 e
- ‘GATEGORY " CYCLONIC Viogitr AEAK - ERLY
PACTFIC CYOLONIO ANTICYGLONTC | ANTIGYCLONIC: zomm:.

émwﬁnn .
DEVIATION

St LR R

| ;
0 S 0:81- ) ‘»1.‘00‘»

L

§ (A 1og srihhmiu transformatiun was used ‘to normalize - tke data.
The ‘difference between.means La ‘s1gnificant at - the: 0,01 level
v (P, ratio- 16.9)% IX'B).

for vax‘iance . APPBND

SepBa Rt



" er (ﬂolmgren ‘I9W1)J H:Lth the

coincidlng with che height of the low‘ 1eve1 uind maximum,

temperature fluccuucions along bhe 1nterrace would k‘:e o

2 N ;
Under cyclpni\c‘ conditiona (particularly synoptic type

2) bhere is ‘relatively lﬁztle rluctu‘ablon\ ln temperatura

A difference and the small inversion strength appears ta be-

'maintalned qulte ste&dlly. 'Dmie’r these conditions clcud

cover’ is conslﬂerable, “with libcle vsriebility j\n 1nsolation. g g

‘The helghk of, maximum Vel ity is usually not within ‘the -

“ lowest: few metres

0 thnt any tluctuations Qlong the .

% 1n:e~x-faee~wnrmrue recorded ‘bﬂheﬁme
dad |

‘system, ©

)




Ll B R R o Y3 e [
< with cyclonic and zonal conditions (synaptic ufe’gmau-l,

‘2 and 5) causes n decrease in x\ad!ntion re\:eived at. and near
‘the surface., 'l'hls reuulhs ina m&ler contrut inate/s | “

surface temerat\wes nnd ¥y lmr vllue of” 1nveuion ﬂtength .

*than with anticyclonte conditions {Table }.6).

TABLE.¥.6 VARTATION OF INVERSION: STRENGTH WITH =~ .
<. crouwy cdv;n ACCORDTNG 10 SYNOPTIT CATEGORY. . .- - - . e

| STNOPPIC A 3 . u Vo g
OATERORY GYOLONT ‘LDCAL' Pnom\mcn;n& " WESTERLY' -
PACTFIC . CYCLONIC ANTIC‘ICLON C: ANTICYCLO“IC ZONAL, v *
% i

REE N B v '\ s '
COVER "1"'7/10 " . -9/10. - "~ 2/10 | .30y 5/10 .

- '.l'he aifferences between- caeegcrieu ln lleun c].mu! cover ‘and’
nversion ltlé‘: th az-: ‘both significant. a 0201 level




: 5/10 -8/10°
9/10 .1o/1u 3

:(The diﬂ'erehca between: :uans 18 uguﬁemt at the 0.0Y
level ;; r?tio- "18.4).:—-Snedacor's r-cest for variance.
B S




number }uB) and the - hourly standard. duviltion ar tenperatm

3o
| 'd.lrrerence\ wu _exmin!d (F&g.; 4. 20). 'l'hox'e apnearn to be

greater '/ucidn—ot nD: J ‘dirference about-the' mean -

¥ vﬂue with -increasing. ata.bluf.y ‘of- the

Searsirface air

Iayer (1—e. as n:l.B 1ncreasea ﬁ'on 0:to:1)~.

' o A% Under the least stable conditiom encountered ﬂu <0, 35)
the near surface layer was weil mixed by scrnng}\ gusty, low
i N r \ €
level wlnda. Maximum:velocity within the first 7 m was

generauy grenter than 4.0 msT =1, mhis results in weak i

. lnversden strengch and little variacion ‘of ‘the t;emparuure s

A L5 alifference within . a.n nouriy sampls. Such ccnrlibitmu are '

#2471 commonly encountered under eyelontc jand zonal. synaptlc\

m\tluence (uynopt:.c categoxliea 1,2 and 5), with st:om

¥ " passage and assoclsted 1nstabiucy within the basin.

¥ B P With g'eater stnbility (Ri 50, 35) and’ strong teﬂpera-

tpre lnversionn assoclated dth anticyelonlc uondltions

there ‘wis greater variability of inversion ‘strength within
an hour1y~smle. This may be due to a E‘omhmtion of cloud , ~

pusage and the effect of 'theml' waves travelung along
th® therloc:u.ne (Section l 6) - Eoinkes (195#) deseribeu .

linear relatinnuhlp between the noar-ﬂurfaue temperatux'e

3 invex‘sion and’ nmplitudes of eemperntuqe variation which:

reach a b\ax.lmum in"th lacier w!.nd. He s.ttrihudea thia i

rincipnlly to. the tuz‘bulent mixing prouesu of air ‘near " e d

he :lce mu-ruee.', SO \ '. P "
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The preaenee or a hhermucline at appruxima(:ely the 2 & Lo,
¥ \sanis level as the wind velocity maximun{, auring katababic R

g flow, was rererred to'in-the previnua 'section. Further L Lae g
i'evidence for the. presence of a therchllne 1s given by~ g

‘the ract t&a

‘ndex- the same synoptic conditiona, the mean - B

f
s\:rength of', tha temparé.ture 1nversion (between 1 and U m

above ‘the su;ﬁ\"

ar:’e) is greaber for winﬂ velocl\‘;y msxima at’.
or. below '} m,« ’than ror wind: velocﬂ:y maxima.’at or. hlghez‘

than 5'm above the surface. 'I'hls ls to be expected lf the

thermocline 0ccurs ‘at’ appraximacely the same level as the
" wind velocity maxiynum. The . themocline vrill ofben be 5k i

1ncludeﬂ in the 1 to h.m temperature dif‘ference ‘for wind

veloc:lty maxlma at or below 4 m, resulting ina higher !

vaiue of 1nverslon )etrength. ik %

Inversiun stransths under synaptic cate%ories 1 3

"and 5. all demanstrate a signlticantly greater value-for' wind L‘V

velocity maxima ator below ll m abave the surface: Synopti
cs.tegory 2 :('Local! Uyclonic) shcws no signif‘icant difference -~
'vl_in inverslon strength with a 1ow 1evel wind: velncity maximum,

due to bhe 1nn~equent cecurrence of auch prorlles. Under




A mean upper air dry bulb temperature lapua’ rat\a char- .
acterizingweach synoptlc r.ype was calculated using radio-.
sonde data fx'om Veérnon,| Bri';ieh Columbla,y for' the s.ix' layerw -

5 hes&een 700 b *and' 500 5. “Oharth with frontal disturbance =
between Vernon and Peyto- were not, 1ncluded 1n the analysis. !
Thg upper ai{ femperature lapse was found (:o be signiflcantli
greaber under anticyclonic conditians (mean values were

A 51 mucanuy different at the 0.0 1eve1~ Snedecorvs o

-te\st f‘o» lvs.riance. APPENDIX B) (Table: 3. &1 P 38 ) :

} 4
Strong daytime ,sux‘face heablng under ahticycldnia cqnditions, e
aue to scatbered cloud cover, cauaes considera’ule warning |

or the' lqwg atmcsphere and thus contribu(:es toa grester

tempemtux‘e lapse bhan under cyclonle cbnditions with

¥ cunsiderable cloud cover, associated w:l.th cyclonic w?uther i

; types, intensive’ uurfnca hemng dnea ot occur, and the i

upper air t ’ la'bse :ls ¢ 1v lgss'. AN

Values cf the surface invex'sion strength Q. to ‘Om), 3







‘A hebtex- cnrrelstion may have. besn

.~obcained 1!‘ there f}ad been more uppex- ‘aln. observacions .







s synuptio cacpgory, stability of \-,ne ‘near-ice

air layer (as defined ny both ‘the bulk Ric}wrdson numher,

d ring ‘thb night." Since there 15 a very °1°5, relaticm—

A ship be(:ween stabili&y‘snﬂ wind. velocity 1n the nea.r surface

cunditlons prevall wlehin the glacier’ basln. Aa a. result,

and high cloud cover with resulting redu d 1nsolation does

t roduce a nqteable dﬁumal ¥ariation. in lnversion
\ :







occln-i-in'g under weak an\t‘icyclonic conditions.’ Increasing low-

* level wind velocities following the: pre-sunrise lull’ pel;' !
to be ‘dssociated uith “increasing’ erength af the near aurnce
1nverlion as ‘the ulx- tenpentnre rises. " A smm Lill was -
noted during local obsnrvatlom 1n.the fce-fall- d.epreanon
area (Chapter 5. 12).

% Dnder e.m;iayclonic condluona the neax--icel.lnveruon
(1 t6 4 m) was ss.gniﬂcantly atx'onger during thz dny
(Snsdm:o!;! F-!iest for variun e:, Signi 1eam: at 0. 01,
‘{\FPBNDIX B). With clear uk1es t\hera }is a maximum dny-tlme i

-v‘. ‘.""

'l" the nau-ice 'air 1a,ver ‘and -

thac over surroundirtg, nsrmer ice-!‘rae ax'et,s & !‘empez'aeure

1nvenions of '3.t0 lwc (over'th

ught ra.nge Airto 4 m) ave
mene ‘common during che day . (¥1%-6. obaervationa) ’ whereas

d\n'in; the night 60’ of observed !nverlinns were between
2 and 308 (1 to 4 m), Wfth no cases of vex'y atrung 1nversiona
?) 4°C between 1 ana bm) z-ecox-ded (F1g. 4.23). S

b ]

“Despite a distinct diurnal vulntien ln 1nw¥rsion stren&th




0700=1900- MDST

1900-0700 MDST

to_ synoptic. tnfluence

ersion strenths ae

cording

e :Fisure;ll‘:z’j" Prcquen;y dlstribution of inv
. ok o it :




¥ syno‘ptic categery 5 showed . remarkaqu 1Mth variatlon
“in lcw level wind velocity, a steady wind of 4 to 6 msT v
=\ 4 Lo b‘eing eharacteristlc. ’l'his may be due tD the fact that

howed litt le

e " nder Westerly zonal tlcw the 700°mb_ win
i toem 275°, cross-slope rlou neic‘er .

ariatian in direct

" .. also maintained quite ‘steddily, although’ thefe was evidence

of é].ishbiy stronger dayéime inverstons. - A mean cloud éover‘r 3

of 5/10 ‘under’ this;'synoptic catégory. allowed surncienc

. dlurnal’ var-iaci.on of incomlng radiation tn produce a similar

diurnal variatlnn 1n Inversio;\ strength to bhg\: which S b

under ticy lonic it * The mean 1nversinn
! ; scr&ngch (1 o em) during the daymne e o

¢, decreasing o 4 mean value of 1 59

category, 5 was
g during the - 'n-xght. A dtirnal- variation in stsbili)‘:y of the

near—suz‘faAce ‘alr lajer:ias _rot apparent while Wesferly

Zunal tlou 1nl‘1ueneed che r\egmd “., g




4
of synopcic influence or. pnesence/ahsence of a. low level

veloclty maximum._ A weak; posltive Gorrelation caerﬂcient

of +0.05 Tonly signi!‘icanc -at the 0. "level) was ahtai

2 Y,
(F1g. 4,24), Sinee the katabatic wind”1is a flow resulting

;«frbm 'norlzam;al density difference due to the degree. of

surfac,ﬂ%aling by the glacter, a pnsitive correlation R

bet*een katabatic wind velocity and 1: Version abre h 1n ™,

the ‘kababacic layer m:ul ‘e expect (Strehen, Ishlkaw

and endlexv,

inverston strength was then examined according to uynoptic .
category. The corrélation‘coefficients obtained are shown

1n 'rable 8. s i - S b

8 vCORRELM‘ION COEFFICTEN’.\‘S' ‘COHHEL\ATION- BETWEEN, °

TABLE
WIND' vswcm AND THVERSION s'rmsus'm L
: : 1 3 :
. CYCLONIC' 'LOCAL' Pnouowczn WE.. .
I'PACIFIC. , CYCLONIC 'ANTICYCLONIC ANTICYCLONIC‘ ZONAL

SYNOPTIC
CATEGORY







~

* cstegox‘y 5. The' gusty nature of the glacier katabatic wind

\
..in a poor correlation. i ° =

o thermocllne) was_avove the 4 m level

. obtained are shawn in Table 4.

X o iy el R ettty =
The ‘only  category to shpk a significant'positive correlation

between ‘glacier wind velocityiand inversion strengthiwas

. 8ynoptic category 5 (Westez‘ly Zonal flow). The steady wind

snd\temperacure condit1ons experieneed with this synoptic.

category have been prevIously noted (seccinn 4.10). This

may acccnnt for the scrnnger relationship’ ohtained between

"Tow 1eve1 “wind velocityiand inversion strength under synopcic

under antlcyclonic condltions means. that, on a shorb time

: scale, ineréasing wind veleciw causes deex-eased «temperatures

near ‘the top of the kababatlc layer, and thus an inverse

: relm:lpnship between wind velocity‘ and inversion strength.

smna.rly, under scrong cyclonic 1n!‘luence (synoptic category.

2, Locall. Cyclonic), gusty winds and veak 1nverslcms result

o . i

§ i - < %
(" Wlth a low level velocity maximum, the tempel‘aﬁure

sensor st 4 m above the ice surface may !’tequently bave
récorded répid temperaturs Sidtintions sssociated with
the presence of a chermocfine (section 416).. In.order to
exclude chis effect a second currelation was- carried out

bezween Tean” l‘ow ‘1eével Veloclty and 1nvex-smn strength

i (1 ba h m temper‘ature difrerence) within synopt:u eategeries,

!'or cases where the: wlnd velocity maxl (and assoclabed -

The correlatlons

j
posibiva corre-

5 Impx'uved I

‘m;ians were obtsined under synopti; categories 1 and 55



[
but only the com-uauon coeffictent under Westerly Zomg H
i

* flow (uynapc.te category 5) was algnitlca.nt;.
. . g |

e relationship between the maximum wind velocity
within. 7 m of the surface and the »1mérsiun A:reugth.was \
3 . s it

also examined. When all values were considered; a.very

small negative correlation coeffislent of =0.004 (not’ . . |

s1gnifidant) was ob ned. When 1ons vere !
according to, sy’nuptic' eategor}, um;il-n‘egsbive‘valuesv of the
com‘elacion cneﬂ'lelent were obtalined under anticyclonic ,‘ )
k conditions, (synoptic catekcnea 3.and 4) and small pbsitiye

\‘ values' under gyclunia and ‘zonal comiit:ons (syno_ptic i
\ et Y
| 'categories, 1, 2 and 5)(Table 4.8). The largest positive
4
I correlanan was obtained under synoptic category 5 (Halteuy

| Zonal). ; . i v

. ~In {Ms particular study, a strong corrvelation'be,vtneen‘ :
‘10w 1evel (4m) wind, velocity and the'strength of the u/urrace'
based inversion (1 to 4m) was not obtained. This is px'obably
due to_the strong- cantroy :.mpuaed by ‘the Iow level wind ‘ofi

5 neu‘-ice stablllty “conditions (section 4. 3). :0n a.short

time 8¢ a.le, 1ncx‘eugd u'lnd velccscy 1n the katabatic layer

cauges 2l and 1in 1on"

Turbulsnce 1ncreaaes with vind speed cuusing incr sed
cooling ’!‘rcm below: (M\\nro, 1975)._ Lnu:s in the’ wind volecity
» yi‘ocjuue ralntivel wsrrn tampantures.




Martin (1975) obdatned & str‘n‘ngrppsitxv’e cox‘reglatlo_n‘ « i
between ku#hanc -wind velocity (0.5m) and ‘the 0.5 m f:o 9.5m
temperature ‘difference af ‘& site onfthe Glacier de. St.- Sorlin.
ALl the Wind Velociby px‘D!‘iles were chu!-acterized by a mei—‘

. Imum’ between one and five metres .above hhe 1ce sur!‘ace. 'l'husl
the c‘emperature di(fex'ence Vﬂlues used ln che cox‘relntion L
uould snclude ‘the: thermocline, ‘and 1ead'to a stx‘onfer corr;-—
lqtiol’l than th!.b obtained 1n this study. ‘

\ & |

n.n-; Frequency of neaz--'surfacé mean'-and - maximum wind'

i The fi*e/quegz;y‘:—af i.;ean and' maximn velooities wi»c”mn

kahnhatic fiow (¥'.e. cases where 2 ek e wxnd velpcity o

accurz-ed wlthin o m: of the surface) was exemined according

to, synop\:lc category (Figures 4,25 ‘and lx 26). Nc‘signil‘icant-

difrerence was found in, eibher mean; or maximum velocities oy

Yetueen synoptic categoues (Snedecorvs F-tést ‘for variance‘f
APPENDIX B), but the results emprdbize’ the conclusions arawn,
1 sections A and-ir; 9. ’.', T 570

Firstly*

aindeér: the’ .‘mfluenee “of syncpbic cac;gory 5

(Westerly Zbnal l‘lon) mean. veloeity withln ‘the katababic
% layez- 1a very iateady (N to'6 ms=1), with iittle variatlon

iy ]
between houx-ly mean values. 'A maximtun 1uw 1evei velocity :,

of i £o' 6 ms™ accu\rred in 70: of c‘ ptuf;ues examined. -|.

\A cIcse relationshlp between the‘ directlcn of the 700 mb.

str hic wind and the velocicy of. the glac!ez‘ kataba.tlc
\
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 wind was n'o:eq in aecv'ian Hile Howevex', since the airection

- of n\e 700-mb mnd does: fiot vary. slgnir 'cunuy accﬁrding t6
synoptie category ('Eable 3.1.p% 38), 1t.follows thab the

',mean and maximum vlind veloq:ties do’ not show a aig,nifioant

dirt‘erence according‘ to synoptlc type.

ll12







thel & & ! T rorce. The'

rO!'ce ‘under . antic\yclonib conditions 18 great«x‘ ths
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5.1. The_ westez'n ics-i’all &egresslon'

-In ordex‘ to Bupplmenf\infox’mation oﬁtnlnedvfrnm the,,

céntml glacler Site, concerning ‘the*nature of near-sux-rane«

“wind dnd temperaf.\u'e conditi nis:,\an grea of ppeclal ihterest |

benedth the nestern Ice-t‘all was shosen; for aetaued 1nvesti- : \'

‘moraine at the base o ‘the .ateep rock race of Peyto-Reak; to
e\;t v

‘the “feé-rall anh F1sés towards “the cenbre

“the south

of the glaoier 4n the east

climacolagical lntéx'est.

- Its’ proxa.miry to a ateep rogk



Figure 5.1 The western ice-fall depression

BEDROCK
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Figure 5.2 Post-sunrise warming rates:
depression (O¢ pp=l)

western ice-fall
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turbulence. near, the ice, sirface. - S e A

- “centrated ‘around sunrise and ‘sunset.: Shalitng of ‘parts of

| significant when considering the radlation budget (Goodison,

5:11° Memc}do:.égl

near-ice, wlnd and bempe!‘atux‘e px‘afiles -are affected. " . They

preﬁence cf an 102—2311 cliff\ ur?ates bhe le:ential tox’\

wlnd and hmeex‘abure px‘ofile obsex‘vauons were con—

the glacier tongue after sunridé and before sunset 1is very . ) &

i959, 1970, 1972)'. It 1s to 'be éxpecéed that, ‘agcompanying

:he dx'amatle ° changs in x-ad:lm:iun x‘ecgipt at’ these tlmesy . B

level wind. veloclty 8
\ i e

:Five:siltes were’ seleci:ed wzl:hln the " ue-mn depresaion

(Fig.\5 2), At. eacé- site, re):z{esentacive protues of 'yind

Velocity and ‘dry-and wep Dulb_temperatures were obtained

Quring - periods before. and aftér sum'ise and before ahd
afte sunsets . The.nunber ot sit s chosen was linited by

the time !‘eéulred ‘for. adequate obsewatiuns at each Bi':e




iAt each site,’ values of maximum and minimum wind velocity

were obtained at 1'm, 2- n} and 3 m above'the icesurface

(2 minute means) usln\g a porhable unemometer that could he

“‘attached to_an ex‘cendable mast. The poz‘ta‘ble anemumeter I

(Science Asscciabes Inc.) had ;m appr ximate starting speed

of 2.2 mph_ (1m/sec)’ and an accuracy of '+ 3%, The mast-was. 0 .

neld across wind from‘the.body. £o avolid shie_lding. Simul- 1

. baneous dryand wet bulb témperature: readings we'x-e nade at

0.5m. a.nd 1:5m above: the Ice surface using an Assmm’m aspi‘ra- B

tion psychrometer (Lsmbreo“ht Measuring Inscrumants).

A ; ‘R‘adiatioﬁ 1nt‘1uenue oni ‘the temperpturb measux‘emem: 1s eliminated 3

B i G hy double radiat‘ion protection of the\ thermometer: hulbs.\
o penperatire resdinigs vere accurate to 0:1 K over a fange of

10K,

In ordér ‘to obtain ble readings,

of wind vslocity at. esch height was”

' at-each “sn&weie obtatned w'imnn ten minutes. A 'mean vaiue
tnterpolatea fron the.

o Amximum a.ryd minimum velocibies recnx'));ei Trio pairs of prc-

flles _were obbained at each site hofor'u and al'ter sunrise -

th July ami befcre \and' after E\xnsev on 20bh Ju].y (both

under Bntinyclonic eondi\‘;ions). l’roflla ‘measurements we!'e

Blao msde at the Es.n} sibes undex‘ Weste!'ly chal 1nf1uencﬂ




' before sunx‘lse' 3% u"c. Mean base c‘amp tempez‘a:ure after

S at 05 mwas eonsldetuhly lpwgr ch n at ccher sites, This, .

- Pocks. “Strohg temperature inversions were ‘expertented b o

,highex- than ‘at any ocher site: 'rms is'a reaulc of‘ heatlng 4 i )

Tenperatize. at':

~to,maim:a1n a, strong temperaeure ipverston.

5112 Discussion of results
a) BEFORE "AND.AFTER SUNRISE:- 15.7.1979. (Antfeyclonic ~« < :
synoptic:conditions.’ \Cloud tover'e:'2/10 ‘with haze: ‘Glacier

wind at mast site ‘from 210% Mean base camp temperature

si{nrise' 5.5 C)(Figs. 5.2 @nd 5. 3). ' '. s o~

Site 1 was. the lowest site wlthln the ice-fall depressi\on

(zgue ‘my. NIt vas - close to the lateral 1ce—-cored moraine X

anﬂ the 1ce surfage. at’ the site itself was strewn with small

before and af:ervsumxée' s Before gunrise, the bemperatuz‘

may be due to d.rainage of ‘coldest nix- to the lowest areas
bvernl'ght.' Howevex' ‘following sunrise che temperature at " Y

0.5 m-increased quue rapidly 1.07°0 hn'l), an
N

remained .

of the steap ‘slopes of Peyto Peak following sunr:lae which

esused greater wWarming of .the neax‘-ice alr layer at this site.

m sbove the 1ce surfabe was also affected R

et ‘this sicg,,\and was more than 0. 6°¢ hiéher than“at the | .+

furthest fites from e rocky. slopes (Bites 3ana 1), “wind

veloeities at site 1 ‘lncreaaed “fron’jcaln (vetore sunrise),

) “after. s\mrise, Helping

But remaineﬂ low'and stepdy 2 m







At ‘s1te 2 which was the -highest site (2384 m), close

to the ice-fall cliff, a weaic inversion ‘oceurfed before

sunrlse, strengthening by . 0.4° c (0.5 m‘to 1.5 m) after sun—

\ rise. The rate of temperature Increase .at both 0.5 m and

i 7% 1.5.m was ‘donsiderably laier’ than at site’ 1.(Fig. 5,2
G L. Y stte 2 was.more exposed ‘and loag influen warmth

of rock areas. Winds 1ncreased and hecame ‘gistier follnwing

sunrise,

B i i . . | )
! y Site 3 (2376 m), located on the rim. of the” depl‘esslcn,

% ehnwei evidence of considersble burbulem':e as air flowing

dOWn I‘.he lce—!‘all ‘step* - rrom the acﬁumulation basins Hls P
Tt e accelex‘ated This site ‘experienced’ the higheet wind o

velocities at 411 1evels both bef'ax‘e and after sun!‘ise, N " *

ndas a fesult of the ’enhhnded mixing, tHe tnverston =

‘strength was less than at other,sités.. The rate.nt tem- vt

. perature. increase ‘following sunrise was ‘Lower than at sibe °.%

but slighbly @eater than at Eite 2 (Fis. 52).

T Stke (2371 m)

(AR b
¥ 5,
furthest x‘emoved from the' centx‘e &

of the depresslon and 'the distm‘blng influence cf the 1ce-

fal1' and moras.ne ridges. The tempex-acure i dton uEs

i weakesb during the period; Just af‘:er sunrlse (07‘00 M. D 5T ¥

This ,15 a result of signif {:ls.nt warming at the lawer 1evel

(0.5:m). Warming may be’due. to absorption of 1ntra-reﬂ' racu.aéion

by waﬁr‘vapau& in
i wich Tow wind ve1oe1t1es)\, as suggesbed by Ln Casj,nlai‘e
(1974),

.The heaeed dayer 1n5!‘eases 1n depbh Bs time progresses -




' above. the 1ae—§urfuoe, ‘than at any) of the icé-fall depression
R gttt i )

follorhlg !un‘rlsé nnd A"ent\m}.ly x'e‘au],ts in 'arllng at the .

higher level ‘(1.5 m).  Wind vel ocitin 1nureased folloldns
uunrlss and demonstrated a rec

1ng profile suggestive of
‘katabatic inflience. During this period conditions at site 4

‘were slms.lar to those at. the eentral tongua uite (Plg. 5.4).
)

Ay the mast, & of the L.

occcurred following Aunrise, with a low level veloeity

' gradient reversal at'2. m. wanﬂgpeeaa at_the central tcngue p

site were ‘considerably greater (I to 5 ms=1), at’3 metrds
ot 3]

=ités. i

“Site 5 (2368 m),at the centré of the ice-f‘u.u aepmunml
experienced a Uecreasing mvex'sion strength follu'ing Y unsa'ne,
THis -was due to & slightly greater rate ‘of warming at 0.5 m
than at 1.5.m (Fig. 5.2); which may also be attributed to low
level absorption of infrd-red radlation. A further. factor

in ng 1 3 may have:been -inflow of

cool Air as th! katnhm:ie lechnnisms mtemified follmring
sunrise. ’I‘he upper lcc\mulation hasins are sunlit before

the 1ce—f311 area, so that strongex' ntabutlc flo' may be:..
inltiated betove the tong\le ituelf is uuniiv. " winid pronleu £
at sites showed gusty, \turhulent conditions as alr Flowed
into. the. depreuion. S g £ soll o

K11 eJ.\tes 2 rated _81tght . decrease An stabiTaey

s ‘detinea’ by the 1oca1 Fichardson nnmbct-, rul) inmediately

;rollowxng sunrise e nerease | “upper | *
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Martin (15(5) hggena’ that,

level (1.5 m) was also warmed.
mndificaﬂon of near-lce, temperature profiles following S

sum-ise occurs as the ice nurréce tempera':\u‘e (belov free!ing

i Quitng me night due to.long-wave re-railation) retumns , u°c.

At-equ 1 mbiene temperatures: there e ‘then " renedting of the:
surface atr. s the Lowest: level €05 m) will be warmed

‘first, re\sulbing ina snghc decrease in inversion' strength
until the upper level (1.5 m) 1s also n!_'fecte\'i. CAt 8188 3

greater turbulence after sSunrise caused a decreased inversion'”

B‘tve'ngth. o " x. 1

Relative mlmidity of ‘the near surhce Jair laye!' decreased

‘rapldly at a1l altea following sunrise (a mean decrease of 28%).
Lowest, ‘post— sum‘ise humidihias ‘were expwienced at lite 1,

assoclated with ally Ereaten: tenperatures at both

DSmandl 5 .
1

-At all Five Bi!e! sa.mpl!d, ln\ lncrease in wind Veloeif.y Ve

was exper:enced rnllmﬂqg sunrise.) . There rss also. greater

gustiness (apart from at site 1, where winds renained ateuly).

7 As.a grester area'of the glacler besin becamé sunlit, ‘so the..

te-perature co:\traa: ne:ueen ice and x-onk Thereased, resul-
bing 1!1 lncrea.ued utx‘engtn of flow in the kahbatic layex-
(over a muor part of the glnciar tongue)

(‘gustineu




+'Ib).. BEFORE AND AFTER- SUNSET = 20 7 1975 (Anhlcyclonic e

3 L TN
Synoptic ‘conditions.: "Cloud cover < 3/10

Glacier wind at-

mast. site fx'mn'210°); . Flgs. 5.5 and 5.6 _' ;

e s oy - ! =
" observabtcns be\tore and affer sinsét were made-a the

same sttes under sintlar synoptle denditions. * Before singet

s,ite 1 showed great stability in the neaf-loe aix layer.

/ * The * 1nve):‘siun rength w&s the gre X ﬂurins the \
S study (mean value ¢ 3. P between 0.5 miand 1.5 n)," and i

N winds vere light, i stean (Fig.. 5.5). ms site ‘was

strongly” 1n!1uenced, under bhese conditlons, by the us.djacem:

wermer rocky'slopes of  Peyto Peak: The {1:5m _devel was 7°C

" yarmér t:han at site s, at comparable times before sunset;
] TS o .

and. the 0.5 h Level. ves 1i80C warmier, 'i:onoung sunset the'

-tempex'abure at bath 1evels dacreased quite rapidly- (Fig. 5. 6)

‘and-a ntial deerease in inver o6 ,strengch Was recorded: -
(mean inverston m-engr,n of1.0% bemeen 0.5 m° and 1.5 m) ;
aue to a ‘greater. deurease at the 1 5 Level. | Vinds rendined -
fait-ly 11ght, but vere more gusty than before sunset,\
‘espeslally at thelm. ;eval. The reguitmg turbulence tn -

the near surface layer ‘contributed to break'up -of inversion

“strength by nixing c001 atr upwiu?ds mco‘,che:prcfne.

SiCe 2: lsn expex‘ienbed a substsntial ﬂecrease in 1n er-

sion stre gth af:er sunset (fx-om 1 5°c to 0. M°c over: 0. 5/m tc
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. slon stx‘ength decreased\rolluwing sunset, (from 2

" tended to

sn:e 3 showbd only a small stx‘engtn inversion both before
and after sunseti Wind velgpities were nign and-gusty, -

furbulent conditforis pheventing a strénger temperature Tives
ston (as! ogcurred at sunr:se)‘/ The: rate of sooling . following

.55)

sunset at thi, site wa{ very lew (Fi

g
\Site 4y neal‘est to the L'entx'e of' the glacier nlso

At sLEe 5, in the-, centre \of’ the depx\ession, the Lnver-

2.4°C o 0.6%-
becween 0.5 m and 1. 5 m),xs_lchcugh slight warming con'_i\nu d .
at ‘both levels. (Fig. 5.6)) Windn at all- levels ‘sampled

ecome- gustier following sunsec dFig. 5.5)4

ppe.red tu be a

e 1nverq

wich inc €asing




. before sunset,

'between 195° and. .225")

I

shuwed coqsiderably lowez‘ relstive humidlty than other sites °
A‘slight 1ncrease in, stabiliby following
sunset was expez'ienced at’ sj{tes 2, 3 and 5.

EARLY AFTERNO‘ON :

c) ey 9*1‘979 (Vesterly Zonal r1ow conditlonl

Cloud . cover 8/10 ‘Glacier wind-dt mast site muctuaciné
B
Fig. 5 B»

\ % h 1

E Pz‘nfiles were taken at the sane rive. sices durtng’ the

early afternoon under contmsting synoptic conditions of

'Westerly Zonal !‘low, with; su\atantlal cloud cover- (5/10 Cu Ac\)

T

At Eite )1, the mean 1nvex\;-sion strength of' 1°C (hetween» 0 5m "_

-an? 1.5m) ‘was considerably less than under clear ‘sky comiit.icns. -

W

'Winds durlng the snon& px'ofile abser‘{abion were extremely

gusty, in contrast" \:o the calm conditions ebaerved undér

anticyclonic conditions both before and, aftex‘ sunrlse/sunset
(Fig. 5, 8)
observed \to muctuate between 195° and 2259 during the Vi

blind- directiun at the main glncier site was

observ&tlon peri u ha menn k;ourly standard’ deviation of







(2%

&t site 2, a swall megn inversiont(0.7%C between 0.5 n

7‘
and 1 Sn) and gusty \vinda were exparicnced with cmuiderable
\\» edny;ng fx'ol ‘the 1ue-fali andtux‘hulence in’ the near glAn!.er

‘aﬂ.r layer (Fig. .a). > _' a L Sy

|

: = At Slte 3 there was very llttla vtu'intlon in uind sy !
veloelty with helght, und the ‘inversion Qt!eﬂgth (1:3% between J'

i

3 “ m.and 1 5 m) was- r,he greatut maasurnd at this site
(greater th;n undep anticyclonic condinons A

sice ﬂ\(nausst the céentre of ¢ ‘thngue) Bhowed slight
-

¥ recurving oﬂ the wind pmﬂ.le a\t 2 b above the surfacs,

oriateat pouible catabatic 1n!1uence.

at tha sme site undet lntlcyclonic condluons befox-e sunaet.

Site 5 showed. an armslouuy hlgh mean 1nve1'sion un‘ensth
of. 2. 1°G (botneen 0. 5 m and 1 5 n) A eempernture “of: 10.1"’0

peued to be eddying “from “the warmer. slopes o Ee}(zo Peak '\



A\ |, openingiof numerous motling and the undermining of the

g1ac1ex- maz‘gin by meltwater streams. Hcmg.:’veiv_'e

mea%\lrements were . obtained at Yive s, w!thin the area

uiider: antlcyclonis conditlons (Synoptic category 3

)
:“Pronounced Anticyclonic), 1med sgecifﬁcally at dsséssing

e

a1tferences. m campepature ccnda.uons becwgen marginal

* lice areas and sux-rounding 1ce-rree areas. ‘l‘his bemperature

; conbrast‘is the magor driving meehamsm ot ';he“glacier +,

5, S kntabfrbicwihd. “ § p e o Hhde 7 bV
i g ‘ .‘ e : }

5:21, Methodology ' "

. moraine: '(B.lg. 5 7) 8nd three sites at dirrering elevati ng”
S ik

at’ 1 m 2'm Bnd 3 m aboye the !ur!'aée at each sita, with’

simultaneous wet “and qry bulb tempex‘scure readings‘at 5t 5 me

_ation as:in 5.11.

Ly afterngon wheri} with

would be

Witna veloeity was ‘Tecorded

betwéen ice. , -




TEMPOC.
2 VELmis
R




oné Lof ‘the wi.nd profilqs takerr at thls site showed evidehce

ot low: 1eve1 recurwing ‘(at 2 m), wiEh high wind veloecities

':/z

‘of"[mamsrl (Flg‘SS- .

’1nversian scrength of’ 1.6

the highest ecurded in’ the aret

7°C (0 5m ca 1% 5 m) was x‘ecorded. Temperatures ‘were




considerably higher:wind velocities on the snout’(7 to 8 ms™
at i3-m’gbove the surface as -compared to 3 to b ms-1 at the

_cem:x'al congue sibe).. e s

i
Stte 5: (22'43 'm) kaé 50 m easb of site '} on’'the lateral

moraine. Temperatures at ‘this site ‘indicated a lspse prolt\ile k

as would be expected over'a rock sur!’ace (0. 9°c w2t over o 5m

tc 1.5'm). This slte exbarienced g 3 wind vmm-n«.

(760 9 ms~Y at: 3 m) due“to 1ts e)fposed position. Relam}e

humidity at site 5 wae uimilar to that over the‘ice. The'

5166 was ‘exposied. £o flow directly from the glacler (F1g: 5. 7)

\
!‘esulting in little mndification ‘of humidicy conditions.
The " surface: condlti_ons alsc favoured falrly hlgh bumidiw,

wir.h‘oqu a. thin dayer; of'debris "tovering the ice-core.

The ‘eastern slde of tne snout experienced higher veluuity,

more gusvy vinds dur:tng the survey pegiud than the main

\tongue sitel Vslnes of. inversion stire gth vere generally.

similsr to or slightly’ grester than chuse recorded at the

'msst Highel" wind velocities on the snnut are -due‘ to

as (:he surface wslupe steepens from 59 a

centx'al tungue slce to 15°v On the - !nout. In \‘:he unouq




studies

ast. site 1s representative of qund\ltions

-/ over a-large portion of“the glacler tongue, 1t is clear *

from, thesé studies that wind and temperature. profilés will ™ i
 Ftua: : :

A i ]

\reflect local A1fferences 1n‘516pe, aspect)and proxim:\u;)

e . o fce-free areas‘.‘ Depresgions. mmhe acler surrace‘suéh -

1
_as that beneath :ne westernm-lee-fall, form 1ocuized areas .

of noctiraal cold air pooling with calm. conditions: and T

fz‘equently strong bemperature 1nversions near the. iee mavgin. x

* ., More..s! tee‘ply slcping areas of the snout expex-ience accelemted

v flow, 1 f ST e } .
B ) R -\ i AR i
') P " .Local.differences are mosc pronounced’ under lntlcyclbnic :

candiuons, when the influence of suprounding, warner Aceitres.

a!’eas 15 lmportanb. Proximity to steep mountain walls may " R 4

result in turbulent eddtes; ‘pertioilerly under cyclunio ’

1nflience; when ‘the low Tevel wind 1 mosc “variable 1n

direction.  Cyglonile Cconaitions, with greater ¢loud cova‘r.‘
and reduced insolation, lead to 2 1bwe‘x"strength'1ocal
inversion and generally less stability’ Relative humidity e g at W
1n the near surface’air layer of the 1ce—f|111 depression g
" was ‘o average ,151;h15hex‘ undes Westerly zonal 1ntluenve:
than‘ tinder anucyemnic' conditions (700 mb' ‘relative: m‘midni e
i undex- Hestetly Zonal fluw .was’ on>average 17% srem:ar than

u:hdexv antlcyclonic influence., Table: 3.1,

- Er——

Fl




ap th\e central tongug” site. . The import,

¥y recorded at the central tongue site.

Under anticyclonic'conditlons the ice-fall depression

experdenced lighter winds and stronger inversions. than

ce’ of 1ncre\ued‘ .

w&rld velocity in px-evem;ing the devalopmenl: of. strcng Lo

Y inve!'slons was demoyatm«en on & short time' scale. ‘This

1s to\be expeqce& when, air. 15 ‘cooled fmm below by turbulent
mixing, as 'curbulenue horeasss WAEE and velncity. ms .

turbulemie increases, s0.does the degreé of‘ cocling at'a

given height. Reduced wind speed produces rrelshlve warmth. .

(Munro, 1975). Howevex-, over a1 nger ‘period of time ‘there

appears. to-be a fa.lx'ly rapld incregse in nea.r—surface tem- .

perature. following sunrise*assoefated with strengthenlng

winds, " Over along time period,ia bositive obrslatich

between inve:‘sion strength and katabatlh wind velox{ity

has been round elsewhex‘e (Chapter ‘4 +10).

NG 5 £ v

A characteristic lull in wind velosities ‘before sunrias

| was not;ed mn the. 1ce-fall depression ares, anﬂ wns alm e

'l'hls period ai‘ lower

veloci‘bies ocgurs uerére the' enset of strong katabatic

£1ow, ‘and was st proriounced uriged antieyelonic -donditions




CHAPTER' STX
s . ) VD - \ % : A
concLusr0N§ AND SUGGESTIONS FOR FURTHER REszAn‘c : o ay b

Thls study atyied £o develop a simple synopuic classiz 5

fiuatlon Bcheme which vould physleally expiain var!ations R
in’bhe dévelopinent “of katabatic £1ow over; a tempex‘ate

alplne bype glacier dm'ing the aummex- “ablation season.

The k&tabatic layex' de!‘ined as a’ cooleﬂ air. lnyex‘

flowing amm gz-ad!.em: 1n\re=pm\=e to demny and altitudinal | Bt =R
: differences- and separated mm atr- abave by a themocline

“and wind- velocity maximum, was ro\md to, be. most scrongly

. devéloped under ‘ahtloyclonic. conditions. Under; these con-

:ditions & ow 1ave1 wind velocity maxﬂ.mum oecurs t“requent;ly,

with ev: derice. for ‘an "a: soclated thermocline.

With wea‘k




{,
1ncreases 1n low. leve]. wind Veloclty resulted 1n

qecreaﬁed lnvez'sian stx‘ength and local stability, with

t\u'bulunt mixing of. ‘cooled ,air, fx‘om below. However, over

‘the entive study ‘period. & weak posltlve cor) ‘elano' _wag

“of the =ux'faue-based inversi.on. This 18 t be expected

wind is the temperlbu!e and density cmm- st httween the P

alr lnyer over ice and ‘that ever surrmm ing.ice-free .areas. -
3 Sl
A dﬁurnal variation iy 1nVersion 'strengthi|was flound:to be

N
mog\: px‘dnﬂunc!d urider Enticyclnnic canditiuns, Btrongesb
inversions occum"lng ‘during the -day. sw&Eg evidence of :

diurnal variation in 10\# Tevel. wind veloclty was not fuund ~
I

ﬂuring cms! scuﬂy s E i
N . e N
Gyclohic syroptic conditiofis-weve.found Foiresult in:

cansmgx-anle disurbance of “the katebanu .ﬁye». ‘The near= '
surrace inversion* ‘was much weakar than under&mtlcyclunlc o

* influence, with less varlabillty due to turbulent, mixing

; of cooled air ‘and. mfréquenl: presencq) of a loy level wind -
d assoclated thermocllne. Stah!lity pr 2l

A

s

h




<'| wind profile was nowa under aifferent Bynopbin conditlnns

of. cne glaoter! Eurl‘ace) has import\ant mpncauom for near~ fH
ol stabldity,. wind vslocity and directian. An upper e nis
“’Wlnd di!'ectmi dovm-glaeiex‘ resulbs in’ rein!‘m‘cement cf the

sunace Hind “Under a11 ;Synoptic cbnditiohs. Near—sur!‘ace j =

stablliby s greatest with reinrorcing flow:" With ?he k : o
upper wind dlrect’ed across gl&cier, conslderable turbulence

I,
ntmn he glacler basin was. noted under. cyclonic 1nr1uence ”

This yf sulted in decx‘eBsEd stnbil&.ty 1n bh ne%r-snx-faue Al

wlayer, Simllarly, an uppez- wind blowing acx‘oss. glacier .

causes déc&'eased Lok 1eve lnvez'slun streng’th. A clockwise’,
‘deviation of ‘the 7nn “mb geoat'pophic wind direction from

bhe glaciel‘ fal;l-line waa found to !'esult in a slmi:uu'

deviation of tn;e ;urr_ace wind ‘qnﬂermcyolon;‘c conditionsi ,

Cnnslderable \variatlon in the shape of v:he “near snrface




ondliidnp.

'Ainiin.) 2




1th1n a marginal 1cex depressicn. Under anbicyclonin

3 cmdlnons, rapld wamlng and 1ncx‘eased 1nverainn strength

following su‘nz-lse wjvth associs(:ed utrengchening of

the Low 1eve"1 wind A pre-sunz'ise 1u11 in wind veleclty

vas rouna % vatun at bath thie;, tongue and, 1ce- all depression

Coolj,lng rollowlng sunset occum'ed less rapiﬂly

la.cuumulatiun buains and madificatian on the 1acs;ep tongue. -

Automatic contl‘nuous prafiling 1nstrumentatic>. llould be' _'

svion mo el. A strong




i Greatex' a‘ulatio

anomalies ﬂm‘ ablaticn.

is 1ike1y ra -oecur

In those areae near exposed Pock oucax'ops. ook

\ thermal s.racteristics of, ice

rcck aurfaces lead to a.

i 1975). over steeply slcping areas

X local negntive bal&nce. In depx'e sions, an rlacter areas,




s L 'b‘,REE’ERENt;ESm LEREDER e YRR W

: . Alt BT, 1978 Synoptic cnmaté eontrols: of. wiss balarice - . * .
% N e . 'varlations on Devon Tsland: 1ce-cup. 'A‘r*c 1c and Alpine B
A ; Research. 10* £

1~ 80,

Ea.rry. R. G+ nd : Ferry, A.H, 1973. S rioptic climatolo . R
; ! Methods a.nd Agg BER tlon‘s. London‘ ﬁthuen, 555" pp. R Y
; % ) ;

Bradley, H.F: 1968, & mioﬁome(:eorological study of veloeity
< profiles and surface. drag, in. the region modified by:a -

‘change 11 ‘surface roughness. ‘Quarterly' Journal of the ' '’

Roxal e eorolos!. Al Sodietx. §5: = 35{ =379 % - 5 "
Brooks, c. Puy and Ca.rruther!,\l»l \1953. Hsr}dbook of .x sk

Statigticar Methods in’ Meteorology.. ' Tondon !

* Metéorological Uffice Air Miniat‘ry. Pub, MO 538 5 ooy
412 pp.\ - i

“'Bryson, RaA., and Hare Clthiates of Nort

T ds 19711
Ameérica:. Vol." II~ Wor‘.ld Sur‘re! of C. lma%clog;{
ETsevlex', 1(20 pp. ‘ el

‘ Businger 3K 71973, Tutbilent trans atmospherdc’, .
fired surface layer. " Workshop-on: Micrometeorolo Ex Edl
Tby. DAy Haugen.:. “Boston, a;s.. Americaﬁ ebeorological

_Soniehy,

_R4o, Ki 1965. “fhe fopmation 6f . =
a snow-aome. .Tournal of - Glacialog

A
~Busi;

5% 833 - B

Crane




Visdelfpe Ekhax-b E. 1934, Neuers unbersuchungen 2ur aerclngie der

ok talwinde. . Beltr. Piys d. m-. Kim, 217 215 = 268, :
A ; Fishpr, R.A.; nd Tates, Fi. 1953, t1stical Tables for

st
Blological, Agricultural and MedfeaT Tegearth. New -
Yofk: - Hafrier,. 125 . P

11974, © Anal; Bis of the Tem] eratuz‘e Dishx‘ihutiun .
leyto Glacier Kl‘berba.iﬁ Se. Tﬁesis Guelph .

- Ontario, Canada, 137pp.

.t - Fuessel,\D a
Over the

: The Climate Near the ‘Ground.: H'ar{vard., i
T ﬁniversity Fress, 611 pp. ‘. L

1K l’x‘elim g Investi aticn or the.
pl e

Gondison, B.: 1969

N e _Distribution 0 Glacier,
- Alberta. .A I'I‘hes 8y University of Toronto; Ontarlo,
Eana&a. Yl i A ; .

Vi
Gaodison, 'B. 1970, The relhtion between lblaticn and ¥
: . global rgdlation. over Peyto Glacier,: Mberta. " Gldciers.
“. Proceedings of a workshop. aeminar. Censdian llacional $
Cummittee for- T. H D.,- 39 - 42, » o) !

Gcodison, B. 1972, /’l'h Distrihution of ‘Global Radiabion

uver Peyto Glacier Alberta, Inland Waters Dlrectora‘t‘e,».;y‘—" i
-Selen c . Serles.No. 2. nyvlromment’Canada, Ottawa;,:~ '
i Canada, gé pp. . e E A T U g .
Graingez', M.E., and Lister,” H. 1966.. Wind speed; stapility = ..}
M- _.and eddy viscosity over melting lce surfaces: -Tournal N [
R Gl‘a‘c‘i‘ologx _6: 10_1 = lg’l. vy g WD e 3
V. Hoinkes, H,: '1954: Bstirage” gur- kennbida des’ gletschex‘windes. ER
g sArchivfur Meteorclogle’, Geo sik und 1oknmatolo el
3 - 53 . T T g

i S\El‘. 6 5
“Hotnkes, H.o 1965, Glagial meteorology. Vol.  I1.5% Resesrch
" AnVE g ‘Solid- Earth and ‘rnberface ‘Phenomena,

B 1971 Gitiabe ‘and Enefy Exchange on s |
Sub-Polar ‘Tce=Cap-in Summer. : ArctIcl Institute of
orth America Devon IslandrExpedition 1961 -'1963;

Meteomluglaka Institubionen
03




Lettau, H.H. 1966. A dase: Study of k&tabatic fIgw oh ché
‘south polar plateau.

Studies in Antavetic Msteorology.- "
Edited by M.J..Rubin, . Antargtic research series al \.,

Al 9;.231" pp. 2
Liljequist G.H. 1957- Wind ncruct\lre in the - 164" la er:
% ‘Exchange of an Antarctic Snow—Fleld (Maudheim
»‘1‘3,1 - Norweglan - British — gwe
3 N “ .- ‘Entarctic ExpeditTon, 1949.- 52. Scientif'ic Result
¥ Vol 2, Fart I, p 235 = 29& s10:. Mo rsk Polarinsbibutt\
e & E Manet, L. 3., and Schwerdtl‘eger,uw. k

fmuexpnnential thermal wind." P
Meteox‘blogl 13- 137 - 145, W He PR
Nahinia PG S jahd sawrord\‘s Li 1979. ; ;
4 winds. Jaux‘nalvof Atmosgheric Sclence.

Martin g, 1975
de Salnt—sorlin.

360

u\m‘mﬂ. of'. Gla‘clolo

Msther K\B., ‘and: Miller, G S. 1‘956. -off. the
h-plateau- of, pastern Antarctics. mture\\ 2o9~ 281 -

M‘ml‘nx D.S. 1975. Enex*gx Exchen 5 o Melting ‘Glacier. Ph.D.,
X Thes: McMe.ster nivex-siw, Hami ton, :Ontario, Ca.nada, s

ano, D.5., ‘ahd Davies, d AL 19770 experimenbal stuay,
b f the  glacler bounda?y layer Sver meltxng ice. Jéurnal -
‘of Glaciologg. 15 425 = 2 5 o ®

Munno, DSy, and Dahss,

1978 on Eitting ¥he log-

Ainear model Eowind speed and. temperature profiles to Y
v -fovera melting glncier. 'Boundanx L_axar Meteorology. %
i \/ 151 423 - u; ST B i i

and Webb, E.X. 1570, ‘The tempiratire flue-

L Okamotoy M,

tuations in:stable stratification. Qusrtex'ly Journal
of the Rcynl Me(:sorolagical Society, 9 59_1\\_, 0.

[ R Tumbulenh transport \near- bhe ‘ground in".

1970
‘ stable condégiam. ‘Jourral of ‘Applied Me‘tenrologx
18- 1 : 2 ;

bservatlons pn
ka Annaler.




£, Px-andcl L' 1952, \Esseftials ‘of Fluta mnamics. Iandon o
. and Gllsgcwx Blackle and Sons Limited X
% Rannie, W.Fy 19774 . A note on the ef‘i‘ect of a glaeier on-"

‘the summer thermal climate of an Ace-marginal area. .
Arutlc and Alpine Research, ' 9:i: 301 - 304, . - s

LA Riuharﬂson, L.¥;~ 1930; The.supply of, cnergy from and bdo
: - . atmospheric eddies..’ Proceedings of the' Ro; al Suclet
N of London. A9 ;3547

3734 2 i 7
Sands, RiD 1986. ° A Fedture’of Circulabion Approach: to 2ot Ve
Synoptic Climatology Applied to Western United States.

K "' Tech,. Paper 66 - E Geogz‘-apﬁi.ﬁepE., Unlv. of Denver. .
. 332 pp.. . P ‘.
L 7 ’
+ " Bedgewlck; 966, * Géorio hélo nd Mass Budget of 7/ .k
- Peyto Glacier, Alverta. MA, - Thesis, MoWaster. - [ S

'University, Hamilton, Dnca.r_io, Canada, 165'pp. \ :

o5 ) !
Singh, S.V., Mooley; D.A., and Kripalani, R.H: 1975. !
5 Synéptic climatology of the daily 700 mb_si /
!y~ monsoon flow patterns over,:ndia. ; m;y_”ﬂt_*ﬂ A5
o N Review. 106t 510 - 525. ;

& 5 5 Streten, N.A, , "and Wendler, G. 1968. Some ‘observations of
& Alaskan glacier' winds' in midsummer.. Arctic. ‘21i

: Straten, N.A., Ishikawe; Nyt a.nd Wendlﬁ, G. 1197“ Some .
observations of the “local® wind régime -on-an Alaska
LR arctic glaglér. “Archiv’ fur Meteorologle, Geol
A g Bioklimatologle, Ser B, 2:7337°= 350, " N

\ chkung, P.W., and Hay, ‘J.E. 1978, °0d the use of synoptic
o weather map typing to define solar radlation regimes.. £ -
Y e 4 Month’lz Wea(mer Review 05: 11521 - 1531.‘\ : o

Sverdrup’, H.U. 1 936. Thd eddy cnnducbiviby ‘of ‘the air over
a smooth ‘snowfield.: Geofysi Publr. 11, 5'= 45

hysik und

Tollner, H. 1931'. Gletscherwinde in den Ostalpen.
T R U s ¥

1

g |7 : .
) walyker, E.R. 1961 " A anogtic Climatolch ‘for. Paxvts or the o

... Western Cordillera.- Pub..InMet. No. 35. -Montreal: s
_MeGill Unif, 216 pp° L 2 e

1948, " alacd] 1-meteor01c51c& nveatigations -
Xarsa Glacler Swedish Lapp1a2d 19':2 1948
451 4




b
3
g

Webb, E.K.” 1970.  Profile reiationships: -the log-liriear .
4 _range, and extension: to-strong. stability. Quarterl;
3 1 Soctety. i

“Journal ‘of ‘the Royal Me

Wnillans, I.M. -1975. Efféct of inversion‘winds.on topo-
graphic ‘detail and mass balance on inland.ice sheets.
uurnal of Glaciology.: 14: 85 - 90.

z HJ.nn-)uelsen,_A. 19652 °.0n the’ propngntion of paﬂtﬁ waves

in.d hydrostatic, compressible. fluid with vertical wind
shear. Tellus. 17: 306 -320. ity
Huclmltz, J. "1977. .Disturbance of \und prnflle measllremencs_
a slim mast, " Bounds L er. Meteorolo; 11:, 155°=
10. T % ¢

\ Young, 0 J., and Stanley. Al D.' 1975 Cana‘diah Glacleru 5
n-the droloj

nland Waters. 1e
“Serfes No. '71, Water® Re!oux'ces Bra.nch, Ottuwa, canada,
59 DP.

‘io!lng

Gy, -.1977. '_R\iau'omi Between Mass Balance dnd . . .-
Meteoroio) ical ‘V%n.bles "oni_Peyto Glacler. Ilbeﬁﬂi
%EET lﬁ! Presented. at Sﬁouium on ﬁnmlcs 3

ey 'emperate, 6155161'& and Related. Problems., Lth European

2 Geophysical Societir Meeting, H\mlch, Germany, Sept. 6-9,
- -'1977; 12 pp. 3




APPENDIX ‘A

SYMEOLS AND ,Nommmn USED‘ ’ 8 o 5 y . i

Acceleratton due to grsvity (ms
a5

Von Kar'man cohstam:

A'ci‘iticél disbance dbove the. Tce surréce at which‘thé' 5 -

 pind” velocity ta U ms'? (Tnis distance vas tale

be thp height above the ice surl‘ace \ot‘ m**imum wind

veloctty, following Holmgren, 1971 .
Obukh

v aeability



T Mean temperature of nir layer (K). L 3

T Temeneure daifferenck ‘between two standard levels -

(1 this case 1 and lm), 4 \ : )=t v
a'f l!-perature aifrerence over the ‘height lnteml z,m

roTe mucnx wind velocity- (net- u-n n ms utudy)\na 1
Dnax mmm protne veloclty (mu
Uo - Wind macuy at zp (ms )
Ur Wind veloeity (ms™') at migm; 2 (m). "
it U etotion veloo!.ty - (—)* (R

b : ‘A; : mrrersnce in hind velociby over ‘the heighe 1nterval :
G o) L s ; : SR B
zﬂ H\eigm above bl sm-tscq (n) d A T ) B
The uurface rougbneu length (c-) x 1 ‘_ y
- 'a i Auta.biuty tntex . I, e BB e

g'<.1 steble conditions . i | o Paflagns Y 7

8 > 1 unstable conditions 45 g ;

Angle of slope of ghciez- 3. 8° at mast u:lte)\ )

Alr denuu;y (kgm 5, 7 60

aa—wi 'l'he dih‘emnu betveen —the celperature clo!e above 4'

o 8 , the chex-necnne and that. bélow. the themocllne (K). .

4

F

Ta.lun to be, the nea.n *1: to ‘lm tsnpara\: re wrerenée

o\ Suz-raoe shear ucress pex‘ unit Ar!a (kg m';“ sec”




Lo
P 3 APPENDIZ B -

R STATISTICAL PRDCEDURES

Staciaﬁlcal beseing t’or vax-ianqe and comelacinn assumes 3

A ’thab the pcpula\‘:ions consut c!‘ inde endent normally J;iis-

tribnted data,, Meteorologinal. dnta are generally o= ' e

. 1ndepenﬂenc (Brunks ana: camxchers, 1g53)‘

R T data’ eeriea used in stacistleal tests were cheeked

fox' nox-mality.v Da?a that showed a diatinc’t

SN % 1 nomkl distribubion were nox-mallzed using the necesssry trans=, -

formh':icn, whioh ié 1ndicated 1n the cext. [T ensure thut

is only ‘quoted 1r’ a re»tedc using a. random seleccion or\data

from: wit_lgln‘ he sa.mple alau proved significant.

L |
Test: for varlance ’R

i Snedecor's:







: any 1ndinm:10n or the amc\mt by whieh one populstion vaz-ian}%

excesds the other, but nnly tests thg signlf‘icanes of the °

¥ difference (Brcoka and Carruthers, 1953) * A: measure ‘of the !

lof such obxervations.. In 11:5 shnplesf; form 1t assumes" the v

%

expreselon

Je
Y"aXi-b * g

'I'he cnnstantx a and b depend. on the \mita uq X and. Y a8 weu

a8 ‘the relatiér - betueer of tils rela-

L tionshlpvi glven by the or'x*elnt:lon caeﬂ‘ioi,ent T betweeﬂ
i

the twa variabled X and

Z [gx-:)g!—?)]
/LS.L(M) 'Se-n® 7

i

[




oefficlent bec»:een variahles 1 and "2 when® the ef!eut due to_~

"'lax‘iable"‘S has been’ removed (x-u.x) 1y glve:; a8, \foll ws:
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