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Panred observatnons ;f:.,_; maxnmum ahd mmlmum t'em érate

o

ground-based screens and standard—level screens durlng the p

-

*30 September *1979 from 14 statxons in the Drystona Creek Valley northeast

of Jaspar A)berta were u$ed t’o mvesttgate the- nature and magnltude of the -

mfluences ' of elevatson, slop’e aspect and vegetatnon - temperature ) in .
. * : mountaanus (terram When apprcprrate _h'e_ contrlbutuons f? large—scale
processes to the total varuattbns are removed by expressmg temperatures as ‘
3 ,vdufferences bet(/veen network statnons and the stande&ci chmatologxcal statlon at ‘
‘ Jaﬂer Park East ﬁate ‘Observatnon'~ at Jasper Park East Gate are com;ipred -
' -

-';,-talsc wnth those from the Town of Ja per. R ' e

\

o .’I’,‘l'-h'e most s:gnlflcant envnronm ntal factors : controlllng dacly mexumum
temperatures wuthm the Drystone Valley are the densnty and dwnensnons of the
. tree cover Vegetatlon masks the temperature vanatnons . that mlght otherwrse '
'T,-.“"be expected due tﬁ changes |m aspect and elevatson within the valley The .

mfluence that aspect exerts on the observed maxlmum temperatures is the next

")-\,s

most lmportant clnmat;c control L I

The : vanatlons of minimum ternperatures arnong the' DrySto'ne‘ "\'/alley

. statlons ‘are- much less than those of the rnaxlma ‘A relatnvely mtense thermal

_‘.belt exlts at the’ mld—slope sites. Vegetatnon cover and aspect do not exhibit  *

B .strong mfluences on nlght temperatures m comparlson with - the\controls they
have on dayt:me hlghs ' Elevatlon ls lmportant in relatlon to heught of the
“ntghttlme therrnalf beit  The factor that mfluences mmumum temperatures the ’
‘most s the ‘'specific topographnc characterlstncs of each statnon slte The
chanheling, of cool air dramage flows at mght ln the avalahchd track an’d along

— the valley floor results in sugmflcantly lower temperatures at these Iocatlons

Mean dally munnmum temperatures are less at @round-%vel stattons than at'
nearby co-—located standard-heught screens whule ‘mean: dally maxlma exhlblt, lapse

or inversion condltlons Slte charactenstlcs account for the vanablhty nn the

-
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maxlmum temperatures

Shor‘commgs in the comrol of the clnmate meuencmg-'!:"

_'tween the sltes undar consuﬁeratnon

“tactors v L
actors the small number of panred R

s ion e
tat s and the mherent hmltatlons of one data collectlon sgason preclude

dufumtlva quantltatlve éonclusuons about these factors T e
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. CHAPTER 1 INTRODUCTION

1.1 _Introauction ;
o ‘ 4 ' - : : ‘-

The clxmate of mountamous areas cannot be descrlbed solely in terms of
’ macro~ and meso-scale processes (Barry and Van Wie 1974) The effect of
mountann topography is to create countless ~sma||—scale chmates which d:fter in
response to the effacts of slope aspect elevation and vegetatlon cover (Gelger :
1965 ThOfnthwaute 1954) ‘—B_arry (1981) _questlons w.hether,the present concept
of a regiongl mountaln climate” has validity at' all because Iocal ‘topographic

_ varlatlons gtve rnse to such Iarge contrasts in cllmate condmons _ S
. : Ty
Cllmatologlsts havé not treated -the study of mountain chmate adequately

prumarnly because of the remoteness of most mountamous regions. Physncal
access is usually very dtfftcult Thls inhibits the installation and mamtenance of .
climate stations. And, "the nature of mountann terram sets up such a vanety of :
local weather conditions that any statlon is Ivkely to be reprasentative. of only a ”
limited range of \sntes (Barry 1981). |

"o

12 Value of Climate Information in Mountainous Areas
~. ~ . - = p

Concerns over natural resources. food, energy, and urbanization - pose
major challenges for applications 'of climate knowledge. Climate data and
.information are used in decision . making, plannmg design, policy setting
operatlonal procedures and research involving dlsc:plmes other than ‘meteorology.
Forestry agencres and other ‘land management sarvices must conslder clarnate'
because the. dlStl’lbUtlon of ‘many ‘natural - resources is determined by its vaganes
The control and use of prescrlbed burnmg in forests as well as scheduling of

plantmg harvestmg and the appﬂcatton of pestncldes are among forestry related

Y

activities requurlng chmatologlcal mformatlon Resource managers utuluze cllmate
®

data for calculatmg 'such parameters as the carrylng capacity for grazmg anlmals

or in. detef‘mmmg water ~yieid relatronshups
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AR

i. » - ’\
Chmate of mountamous Y "\ western Alberta IS of particular |nterest

to the operation . Of national parkg’ («\pz and Storn@ﬁS??) It "is one ‘of the
most |mportant factors m the rﬂa'\gge nt decision makmg process when
plannmg for outdoor recreat.onal fﬂc‘l.tses such as campgﬂwﬁds roads or sk|
areas (Thornas_ 1982, comprehenﬁ‘o'\ of the ecology of the parks. requires
_knowledge of climate in the mowté!f\ leferences in chmate *between _areas

@nly a few centnmeters apart arq 9f|7cted by the dnstrlbutnon of _certain plant

)

species {Whlttaker 1975) Licheng or yosses - whxch are well adapﬁ(od to life in

shaded areas. may be unaple to syViV on ad;acent south facmg sndes of rocks
. ) )A .
and trees : - ’ 9 L ~:\u\‘?=.‘
.J‘r"}. -

Meteorologrsts dlv.de 0f°9haphlq effects on atmospherlc processes into

: 'micr’cy- ~ mesor, synoptnc-—‘ and Naf\e\(y scale’ perturbations.  The mteracﬂons -
among these scales is hoW cohgjyfréy essential for understandmg the phys;cal{_
processes lnvolved with the parriy N4 thermal effects that mountamous a&eas
have on chmate (Reiter 1981) 'rhg S.¢mf|cance attributed - to the mfluence that‘“\‘;y'
these reglons have on chn"ate var,t?mt\l has . recently lead to programs such as v

the. Aipme Experlment (ALPEX) in ﬁuf‘bpe the Atmosperi¢ Studies in Complex

Terram (ASCOT) in “United States hd the joint American~Chinese leet—Rocky
Mountam Experument (TIRMEX) Thg Q\peral objectives of these studies are to

determine the airflow and Mass figyd Oy er and around mountain complexes under

~varlous synoptic conditions (Kugtthey, 1942

The benefits of g good alim\‘tot gical data base in" the mountainous

regions will be hoticeabl® n e flelds of severe weather prediction

. short-range forecasting, weathgr de'\\p tion, lmpact assessments of mdustrlal
_ development and the 3na|y5!s of wp&th
of interaction between mOLlntaanuQ/tgr}\

explored in detail to accompPlish~thgs®

-’

gyng-range goals (Reiter 1-981).

o ")'

and chmate anomahes ‘But, all scales .

in .and the atrnosphere will have to be



1.3 A.Baok'vgr‘ound and Objgsyves _iof Study_ '

It -is desireable "to- locate meteorological ‘stations at sites = which are

' »representative of  .their 'surrounding environment.  The observations from a well

selected station site on Alberta's prairies may be- .r.epresentative of the
atmospherfo conditions found in a radius of V4O-80 krn But in ,mountainous
terrain different cljmate regirfwes’ can - exist within a very' small area (Lester 1974,
Yoshino 1975, Janz and Storr -197'7). This is " ultimately due to , the uneqdal
par.titioning of energy , as a result of vartling' topo‘graphic' and' vegetative

characteristics (Geiger 1965).

The meteorological stations in the Cordilleran and Foothills regions of

west-central Alberta are ‘'usually maintained by the Atmospheric Environment

Service “or by ‘the Alberta Forest Servxce -The stations are’ Iocated 'along valley

bottom access corrndors or on B‘topographnc rises where forest fire Iookout'\

towers are sxtuated But, the -atmospheric observatnons from these statnons

’ \

mlght not be representative of the condmons at nearby sites (Barry "1981, Janz:

.and Storr 1977) Care must ' be- ta_ken when id'ent'ifying the values from thése

-,

meteorological stations as being ‘t'ypical of the surrounding areas, especially if |

there are differences in aspect, slope angle,  elevation or vegetation cover

{Powell and Maclver t978, MacHattie 1970).
. ° . . o,

Powell and Maciver ,‘(1978) sugge'sted' that emphasis should- be placed on

mapping climate phenomena in mountainous". or' ‘hilly  terrain in- ‘order to
, .

quantltatlvely determme the variations. To date there have been few dense

station networks in the mountamous areas. of western Canada, even though they -

are requ:red for measurements of small—scale chmate vartablllty (Meeres 1978

'-:,_nge .years of chmate data are desured for these _studies but ‘a shorter period

be u$ed to ascertaln some of - the relatnonshlps : vhat exist among

; tof)ography, vegetatnon and climate (Janz and Storr 1877).

SN

A .Study *“‘o;f& tl'te influences of topography and vegetative cover on climate

%y .

in one -location should be representative of the conditions over a whole region

]

N7
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Sif it has' _similar topographior feeturi“‘(Powell 18970 And, if the synoptic - . .,
meteorological patterns are slmllar n small-scale climate ,_phenornena will be
‘Correlatwe (Yoshino 1975) S - o L
1.3.1 Purpose of Stuoy ’ R S

Proven techmques for determunnng the opt;mum placement of ’,
cllmate statuorgs are avallable for - reglons “with homogenaous features but not
for arees with complex terraln The effects of topography on atmospher:c
varlables must- be understood to adapt these technlques to mounta:nous terram

lMcCutchan et al. 1981)

»

"
L

The purpose of th:s study was to measure - and delmeate local
_lcllmate dlfferences in an area of dlverse topography ‘and vegetatlon coVer and
to' compare 'the ' results wuth observatlons measured ln a nearby

-governrnent-a@ncy climate station. - 4

o




3

Two kilometers to the west, in the main valley, Y

as.l'.,' (Plate 2). The Fiddle Range forms the south
N\

- CHAPTER 2: ‘THE STUDY AREA' AND ITS ENVIRONMENT
2.1 Introduction . , , . 4 )
. N . N i . "

The study area was the valley dralned by the Drystone Creek ' This
2

valiey has an array of contrast’mg aspects, elevations and vegetatlon covers.

Slope angles on the opposing valley sides a;ptlmllar .
& . . ) '

Jasper Park East Gate cllmatologlcal station is a short dlstance to, the .

.. -west and downstream from the study site. It .is near the Drystone Creek but

in the larger main valley of the Athabasca aner P

&

2.2 Looation and gPhysio'gr-aphy of the Study Aréa

’ ®
The Drystone Creek dralnage basm is located at 117"46 W longltude and

53°14' N latitude. It is 47 km northwest of Jasper Alberta .and borders the

rl,eastern edge of Jasper National ‘Park (Flgure 1.

7

The basin is: approxnmatel-" “km_ long, northwest to ‘southeast and 4 km -

wide, northeast to southwest (anure*Zl Drystone Cresk exits this tr:butary _

valley at an eievation of about 1140 meters above seg’ (

wudenung of the Athabasaca Rlver called Brilé Lake, at\ ay elevatron of 98/5

. ‘Drystone Creek valley Roche 3 Perdrlx is in th:s range and its summlt is

2134 m asl (Plate 3) " Folding Mountain, at 211‘7 m. asl and lts rldge\ to

the northwest form the northeast and’ southeast boundanes (Plate 4)
2.3 Bedrock and Surficial Geology

The study area |s in the Front Ranges of the Rocky Mountam ansnon of .
the Western Cordlllera physlographlc reglon (Atlas of Alberta 1965) The ranges
are composed of - lntensly folded angd* faulted sedimentary ‘strata "Roche & -

Perdrix consasts of Upper Devoman Ilmestone strata from the Perdrlx Formatlon
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Plate 1. Foot of Drystone Creek Valley. View is towards the southeast with
Roche a Perdrix on the right and Folding Mountain on the “laft

Plate 2: The Athabasca River Valley. Drystone Creek is bottom left center
and Brolé Lake is in the background :

Y .



Plate 3:

Plate 4:

D T e T e U

Roche 3 Perdrix: trom Folding Mountam Ridge. Avalanche track ‘is in
the center. ' “

Drystone Creek Valley with Foldmg Mountain in the background View
from summit of Roche a Perdrix looking towards the east



; llrish---1’965) Foldmg Mountam |s composed of shales sultsones and sandstoues S

of Jurassnc epoch (Irish 1965, Atlas of Alberta 1969). R

The " surfi cial 'deposits o'f ‘the Hinton-‘Jasper region - are a complex and

diverse assemblage of sediments_ from both Cordilleran and Laurentnde ice shee\

-

ln the Drystone Valley Iocal alplne glac:ers deposnted Drystone Creek Till over

‘- prevnously laln d0wn stratngraphlc unlts lRoed 1975) The deposmon of this tlll '

in ‘the study area r‘epresents the most recent glac:al evant ;h the Front Ranges.

i, Deposuts of postglacaal aeollan materlals mantle the study area. ‘They are ‘

' deruved from ‘the shores of Briié Lake and the floodplam of the Athabasca -

River in Jasper Natnonal Park They have been transported by strong wmds

~ which .v‘p‘_eruodlcally funnel down the Athabasca Fllver Vallay. (Dumanskl et al.

RET S P

L 24 Soils

Dumanski et al. l1972) have mapped the soils of. - this reglon A__‘

heterogeneous complex of soils are found along drainage channels They are
termed Alluvuum and are usually developed on Recent .sand or gravel atluvial

. deposlts These SOllS are hlghly variable m chemncal and physacal characterlstlcs

Above the floodplaln are the soils. of the Hmton Assocsatlon They are',‘

developed on calcareocus aeolian materlals and are dlstlnguushed by the presence
of carbonates in alt’ soil honzons ' They consist of flne and: very -fine’ sand:

ThIS assoc1at|on thlns with mcreased efevatlon above ‘the AthabéSCa Rlver Valley

At ~even hngher» elevatnons are the Robb ‘and Muskuta Assocuatnons
respec?\fely They ‘are developed on .parent materlals of Cordllleran orlgm ‘that
are mlxtures of till, colluwum and bedrock The steepness of the topography

. 'and the processes of downslope mass’ wastage strongly mfluence thelr genesis.

Teke T
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A AL LS




| 25 Vegetation

(Ab/es be/sam/a) Balsam poplar (Popu/us ba/sam/fera) and. tremblmg aspen (P .

)

schreber/ with scattered llchens mostly .Pe/t/gera .apfithosa (Moss 1953).

The study area Iles w:thln the Boreal Cordllleran phytographlc regnon’
’Jdescrlbed by - ‘Moss (1955) Rowe (1972) has placed the loWer elevatlons of .

: the study area in the Montane Forest Reglon and the upper areas in the

Subalpme Forest Reglon

The area is dommated by white spruce (Picea g/auca) x engelmann spruce
(P. enge/mannl) hybrid assor:natlons~1 Other comfers ‘present include lodgepole"'

'pme (Plnus contorta), Douglas fir (Psued.otsuga menZ/esul and sub gpme fir

'tremu/o;des) can_be found in mlxed ‘as waell as. relatlvely pure stands (Be/dgate‘

1978, . o
. ‘ : &-/‘f//

;' Stelfox et al. (1976) mdncated“ that the understory closely resembles the
shrub herb facnatlon descrlbed by Moss (1953) “The - small tree and. shrub strata

are‘}" hlghly varlable and mclude Sa//x spp..  Cornus sto/ohifera ' La'nicera

-involucrata, V/burnum edu/e and Vaccm/um Spp. The wullows (Sa//x spp) and

. alders (A/nus tenu;fo//a A cr/spa) dommate the more moust sites.”

The 'herb strata. is. rich -in species but s qu:te variable. It is
C charactenzed by L/nnaea -borealis, Cornus -canadensis, Equtsetum arvense E.

-sc;rpmdes, M/te/la nuda, Petasites pa/rhatus -‘Pyrola spp., Actaea rubra ‘and

Lycapodiumennotinum There is a rich, deep floor carpet of feather mosses,

especnally Hy/ocom/am splendens Pt///um cnsta-castrensw and Ca/I/ergaonel/a

’

© 2.6 Climate " of West;éentral\ Alberta: v o - '

The. - stations wlth the longest perlods of record in the reglon are

".operated by the Atmosphenc Envnronment Servnce at Entrance and Jasper (Fugure ’
.'1.). The Alberta Forest Servuce mamtalns a network of summer flre-weather

-statlons in the area Generally, the summers are short and cool wuth occaslonaf’ " j‘ -

1} .
,,,,, . >

hot spells whule winters " are lohg ‘with- occasnonal cold spells ey :

§— . w

o
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The climate of west=central- Alberta has been classufled accordlng “to

_ Koppen's system using data - from the 1921 50 and 1931—60 perlods (Atlas of

et

: Canada 1857, Longley 1970 Powell 1978) - The Iower elevatlonal areas. have

been placed in the sub-arctlc or cold “snowy-forest” (ch) cllmate type.. The

“upper regions fall into the pdlar tundra [ET) regime.

.y‘” T \ﬂ

Temperature data from the 1951 80 normals for Entrance Jasper ‘and

':Jasper Park East Gate - -are presented in anure 3 In terms of temperature the

climate reglme of Jasper ‘is not as continental as it is at Entrance Thns is

determnned by the ranges -.of means and extremes’ ‘of ” temperature at Jasper

,compared to those at Entrance Janz and Storr (1977) attrlbute this to- -Jasper,

Ocean Also, the Front Ranges are a barrier tq the westward movement of

B
'

cold arctic air masses.” ‘ '\

PR

Powell and Maclver (1976) have- complled maps of the 1961 70 May to

' September mean seasonal temperature and ptecuputatlon for west—central Alberta

'frequency of days above —2 2°C, water deflcuency . elevation;’ latitude and

Iongttude ' The \ialues used m theur analys:s wére extracted from 20 stations in
g 3,

studled - : ' g \ o . : e

The warmer  areas are , found at the relatively low_ elevations of the.

Athabasca Rwer Valley. The warmest station is - Jasper w;th a 122°C mean

temperature for the May ton September penpd The coolest statnons are at the -

hlgher elevatlons of - the mountalns and\ - foothills. The . mean- seasonall

temperatures (May to September) in these -Areas. range from about 6 to 8°C

(anure 4) The geographnc dustrxbutlons of temperatures in. the area- durmg the

b T RS

individual summer months are slmllar to thls §éneral pattern- (Powell and Masl\;rer RS

1976) ‘The- mean - May: o - September Iempertature »for the 1961 70 _period. i

T L e - 4._, B R P

I PO

the Drystond Creek basm was estlmated from these maps to bé apprbxrmately o

_— e e -

. 7oC.- . LTI | ]

"'the more westerly station, belng closer to the moderatmg effects of the ng;fuc_

Theur analysns is based ‘on- mean. danly temperature mdnthly ,pr.ectpltat|on, -

“the reglon Wthh ‘had 6 or more years ol; c,hmate data during the tlme--pernod . "

12
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 Figure 3: Temperatures for Jaspor Park East Gate (J.P.E.G.), Entrance and Jadper.
. Source:. Atmospheric Environment Service (1982).
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anure 4: Mean May to September seasonal temperature (°C) 1961 - 1970
‘Source: Powaell and Maciver ( 1976)
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The annual precxpltatlon reglmes for - Entrance Jasper, and Jasper Park
' East Gate are presented in Flgure 5. The distribution - of monthly precipitation ~
: reflects marine and continental cllmMomponents.' These stations have a large

summer maximum and a relatively large winter maxi‘rr'lum' also.

_ Many : of the mainv ‘valleys .in | Banff agd- Jasper )must be cdnsidered
" semi—arid (Janz and ,S'torr 1977l. _In particularly.;dry years such 'as l94l total
annual preclpltatnor; in sastern parts of the parks has been as low as 175 mm.
Jasper is the driest station in _west-= -central Alberta, ‘and it _has the greatest 7
variation of annual preCIpltatlon in the contiguous mountam ‘parks.  Fhe range
has been from 219 to 580 mm (Janz and Storr 1877).  Jasper averages
408 mm annually while Entrance receives 513 mm.  This 20% difference in
annual totals is due to the rainshadow effect and is typlcal ‘of the main valleys

in the mountamous areas lLaycock .1978)..

Otten there s .a well  defined relationship = betweéen total annual

'prec:pltatlon and its frequency But long-term records do not support thus / ‘-‘\
Jasper averages 104 mm less than Entrance yet Jasper has 33% more days =
per year with precipitation (AES. 1981). Lake  Louise gets nearly twice as
much moisture as Jasper, but it too has fewer days .with‘ measureable

. _precipitation than Jasper.

Powell and Maciver. (1976) have mapped the distribution of the 1961-70 g
' May to . September seasonal precipitation for west-—central ;l\lberta {Figure 6).
Interpolating from this map the Drystone Creek basin ) appears -to have a mean

precipitation of about 325 mm during this period.

Dumanski et a/. (1972) conclude that the climate of waest—central Alberta
“has been an "glusive” varlable It is a functlon of and reflacts, the combmed
effects of a rise in elgvation from east to west dnfferenoes in local relief and

the ramshadow effect of the mountains.
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Figure 6: Mean May to September seasonal precnpnatuon(mm)1961 . 1970 : o .
. A Source Powell and Maclver (1976) .. ... . . . co :
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CHAPTER 3: INSTRUMENTATION AND PROCEDURES

31 The Climate Network

) Climatologlcal statlons were set up in the Drystone Creek basun during
the summers of 1978 and 1979 Stevenson screens and measurmg dqwces
were placed at sach sit'e Their Iocatlons and the Jasper Park East Gate

’e

.. Station are indicated ’ in Fugure 7.

Ground reconnalssance alrphoto mterpretat;on and maps of forest cover

- _;;and topography constltuted the means for evaluation of the station locatlons. .
The crltena for ~the swte selec&nons ‘were- —aspect slope angle elevation; and "’

-vegetatlon cover Slope. angles of the statlon sstes along the *sides of the

.valley were slmular ' Contrastmg aspects 'elevat‘lons and . vegetation - covers
however prowded the opportunlty for comparlsons of local climate condltuons

e . 1

Stevenson soreens were placed on the ground surface ‘(ground Ievell at

T me es i wm v G o < RPN

each locatlon Some of these sit

also had screens at .a- henght of

Sl rnetc;rsl ' Yoshmo l1975) has dtscus'ed the scales of cllmate measurement -at

these and other Ievels above the ground surface He defines- -the .scalg - of-:A-;_

" ;mcrocllmate to encompass a horizo tal distance of 10’ to lO‘ m and a height

of 107 to 10! m. l_oeag climatg,
.synonympus with topoclimate an
distribution of 107 to ."1'03 m nd a 'vertical dlmenSlon of 10' to® 10? .‘mi
A'ccording to .the definitions ' qf - Yoshino . the present study 'mcorporates

measurements- from wuthm both mcroclumate and local cllmate dlmenslons

03.1.1'. The Climate Obsaervation Stations
8111 The\Perdrlx ‘Stations
. _

Roche a Perdrlx (Plate 5 and Table 1. The angle of the slope in the area

1lf the last letter of the statsons name is an M" then that station was at

standard—-height." If an "M" does not appear then the station was " at
ground-levsel. , ‘

. the next. la_rger vscale of -‘lnvestlga_tlo_n-, s

Five . climate stations were installed on' the northeast side of

-

forest- climate. They have . a horizontal-’
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-

‘, (Plate 8). o i

<,

where the Perdrlx statlons were located was approxlmately iO"' N‘ear‘ the

15895: m- ‘asl.  contour there were two sites. - Each had ground- level and

standar.d’-helght screens. \ Perdrix i and Perdrix =M were situated wuthm a

forest covering of spruce and flr (Plate 6) Perdrlx il and Perdrlx H-M were ¢

approxlmately 200 m. to- the south  in_an .avalanche*‘track (Plates 3 and 7). The

.. vegetatlon cover in__the avalanche chute conslsts -of ~a- dlsturbed assemblage of

grasses shrubs and small trees  which .had. survived repeated snow slides

4

| o .
Above these- two locations the angle of slope lncreased
The bare llmestone face of Roche a Perdrlx was approxlmately 300 m hlgher

< than, me statlorr ‘sites:” R R e T

4

B R Perdrlx I w‘as halfway between the - valley bottom and the
other *Perdrix statlons ft was at. ground-level. within aAvmature' spruce-fir forest
Plate 9)." o T |

3.1.1..2’ The Drystone Stations

The Drystone statlons were -on the relatlvely narrow and

\

e

gently sloplng“ ,l"loodplaln ef Derten& Creek ﬂ' able” - " Drystone: 1" - and‘_'

PP

Drystone =M - were near the foot of the ‘basin where the Drystone Creek o

Valley enters the main valley of the Athabasca River (Plates 1 and 10) There

was a dense,lcever of spruce and poplar surrOundlng the . screens N

. " o v Drystone lll was 2" km upstream from Drystone 'and -M

‘ and 107 : m hlgher in elevatlon It also was placed on the floodplaln of

. x\__..

Drystone Creek lPlate 11) S T R

-

3.1.1.3 The Folding Mountain St‘ation‘s y
' Elght Stevenson screens were sited on the southwest faclng
slope of the rldge (Foldlng Rldge) which extends towards the northwest from

Foldrng Mouritain peak (Plate 12)‘ The slope angle was generally about 23°

v et e L .




Plate 7:

kY

~ -~ o ear v

. Aerial view of the avalanche track on Roche a Perdrix.
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Plate 9: Perdrix
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Plate 10: .Dr"'ystone | and Drystone |-M.




Plate 11. Drystone |Il. _ _ » , \ 5 '
. o
u-‘i‘o;' ¢ !

KD

Plate 12 Folding Mountain Ridge from summit of Roche a Perdrix, looking

northeast . . . \
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~

. ‘Thrs wad’ steeper than the ~ sfope of” Roché a Perdrlx m the vucmlty of . the

Perdrix stations. Unhke the physical setting on Roche i Perdrix, the uppermost

stations on Foldmg Ridge were near the highest peoint. of the surroundlng terrain.

‘They were apprOxlmately 100 m below the crest of the rldge

- On Foldmg Rldge three elevat:on tevels were mstr:umented

(Table = 1. The h:ghest statlon was Folding M, at 1770 m asl It was. at’

'ground—level within a spruce-pine forest (Plate 13), The middle "elevation was

near the 1660 m asl contour. - There were three sites at this elevation with

five screens in total Folding” Il and Foiding I-M were in an open meadow. it

had ‘a scattered distribution .of spruce, pine and poplar )Plates 14 and 15)

. Fo'lding"IIB “arid IB-M “were along the same con‘tour and" approxlmately 75 m to

the southeast of these 2 stations. Foldmg B and IIB-M were just to the rlght

of  the \area seen in Plate 14, ‘They were in a heavily wooded

- spruce-pine~poplar forest 1Plate ‘16).

5

One kilometer to the south, along " a spur that protrudes

from Folding Ridge, was Foldingt HA. It was in a dense stand of spruce and at

‘the same elevation as the other Folding li-level stations (Plate’ 17)

. Below Folding A on the same' spur, but at an elevation of

1380 m asl. was Folding IA. It was situated in a thick cover of';spruce and

fir '(Plete 8. To the north of this station ‘and at a similar elevation was

Folding (R | O ‘was at ground level |n a small forest- opemng surrounded by a
forest association of pine, spruce and poplar (Plate 194 ‘
' )

-

3.1.1.4 Jasper Park East Gate Station

Jasper . rk East Gate station is maintained and operated by
Parks Canada. Each da po 2 xirmum and mnnlmum temperatures and precnpntat:on

are rneasured. The Stevenson screen does not have forced ventﬂatlon 2

Jasper Park East" Gate station’ s - at the - east entrance %o Jasper Natlonal

"-P'ark. it is ummedlately to the north of ‘the nghway #16 road allowanoe and it

5

L ""’:.“'“‘;""“'
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Plate 13: Folding |l 5
1’5 N

. R o 2 _. )
Plate 14: Aerial view of Foliding Il and Folding II-M. Fchng 1B and iIB-M are
located to the right of view in the forested area
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Plate 15: Folding Il and Folding =M~ *

s

Plate 16. Folding 1B and Folding IIB-M.
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C

is a short. dnstanbe from Drystone Creek and Brulé Lake (Figure- 7 The‘ter'ra‘inw"' T

. o

Slopes gently ‘to the north in the area of the statuon ' Its elevatlonus 1003 moe T e 5
a,,sl There |s 3 dense cover of- spruce and poplar on the -north. Slde— of‘ the . 3
RS - . A
statnon . The squth side opens to- the * roam aIIoWance of the hnghway (Plate 20) 1
3.2 lnstrumentaticn . d
32.1Air Temperature '

Fuess, Cassella, or Waeathermeasure thermograph. . A Bendix aspirated

- instruments in Stevenson screens. Two of the screens were . double— Iouvered

‘ ventllatlon m the Jasper Park East Gate station. o . o I n

. e P R . ' b

Loe - - . - -

2 e

» I

=y

© Maximum ‘and mmlmum temperatures waere measured with  Taylor,

7,

T

Weksler and Zeal thermometers ~ Each statlon was equipped with either a

R R

psychrometer was use periodically to measure dry- and wet-bulb temperatures.
. : . .
&

¥

3
]

3211 The Stevenson Sere_ens’ powe T ' ST B

PGP Vg SET R S

e e i chan Shodi Bart A e

Air  temperatures were measured by 'exposing the

All others..were singls. The |ouvres prevent radiation from proceeding in a

direct line to the sensor. « N ' o

All the screens were repalnted in early June 1979 This
was to ensure ‘a highly reflectlve surface in order to minimize the absorbtlon ;
of raduatlon:_h(,StrJnger 1872). - If possibie, screens should be artificially ventilated Sl

to reduce the effects of- radiation that is ab'sorbed - This was not feasible in

th Drystone Creek network - but it was_ consnstent wuth the lack of artificial

)

The louvered construct»on ‘of the ‘screens a||ows the ‘free h
flow of air over the sensors. However, ‘an optimum 'naturally ventilated screen
has not yet been designed (Sparks 18972). Potential errors associated with

naturaily ventilated screens should be recognized. Képpen (1813, cited in

Sparks 1972) studied the exposure of thermometers in naturaliy’ ventilated



Plate 20 Jasper Park Fast

Gate climatningiral gtation

[
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s s 7L

V..
Stevenson screens compared to artnfuc:a“y ventllated Naturally ven’tilatedvscreensr

-"overheat in br:ght sunshlne. .The  magnitude o.f the error depends on the

w:ndspeed and’ wind- direction” relative to -the . azimyth of the sun.. _D,Jackova and

Kauhn (1965, . cited- in Spark-s, 1972) compared .forc‘ed‘ to “non—forced . ventilated

_screens. . During summer months there was a negligible difference in}their- mean

temperatu_res: the standard deViation was 0.12°C. The meari - wind speed over
the period was 3.4 m per second with few calms. Janz and Storr (1977)
state that afternoon temperatures may be more thar;, 5°C too high and readings
taken after clear calm nights may be a Ilttle too low without forced ventilation,
'Stringer (1‘972) repor-ted that screen temperatures are up to 29F {1.1°C) 'to'o
high on sunny afternoons and up to 1°F (06°C) too low on clear calm nights
because of conductnon “from the outer walls of the Stevenson screen.

32.1.2 Standardization of Measurements

't
© The probable error: of data derlved from the sensors is an

important consuderatuon Thermomete,rs housed in Stevenson screens can_l,be
read to within +0.1°F (*-O 06°C). However, the -data should not be regarded as

. closer to the true temperature than iO.5°F (#0.3°C)  because there are short

perlod temperature fluctuations of 0.5° to 1°F (0.3" to 06°C) in observations of

representative temperatures (Stringer 1972).

O

i Thermo?raphs do not nespond to changes ‘in aur temperature

as rapidly as hqund in—glass thermometers and the recorded maxlma may be too‘

low and their minima too high if the air temperature reached those points very

bnefly This 'is not.a" serious. . error, however, for most purposes (Janz and

Storr 1977). , Lo
, J

The bimetal' thermographs require considggable " care to
produce data that have a high level of. accuracy (Jarxz and Storr 1977).°
ensure quality data the thermographs were adjusted and compared over a
10-day period before being set.out in the field. But their placement at the
network  sites involved long hikes over very rough terrain, often without trails.

‘

G

S,




Errors ln chart data can result from such handling procedures Inaccuracies can

) also be nntroduced “in- perlods of hugh humndxty The char-t paper - can become

damp by . -absorbing mmsture “from the air. Upon drymg it will contract This

causes distortion of the chart because it pulls away from the flange at the‘

base of the clock.  drum: ThlS re3ults in readlngs that are Iower than the true

values, An error of 1° to 2°C,|s possible (Janz. and Storr 1877).

Caiibrated maximum and minimum recording thermometers

where housed in each. screen as a check against the values on the

thermo_granﬁs. The data from these and the air temperatures’ when the ~chacts -

were ,phahgx‘owere -used wuth the correspondmg values onh the thermograms to

derive regressions that could be applied to the chart data to compensate for

an'y- possible inaccuracies. The regress:ons and derlved statistics are listed in

Appendix'gA In  addition, - an example .of the procedure IS outlmed for the data -

from one of the stations.

.

The relative humidity 'values were adjusted in a similar

manner to  the air temperature corrections. However,, relative humidities

calculated from the wet- and dry-buib readings and the saturation levels on the

charts were used to solve the linear regressions. The value for saturation was
considered to be the level oh the chart where the traceas reached an
uppermost plateau on “the chart These values must have been recurrent before

they were assumed to be the saturation levels

3.3 Vegetation Analysis

Vegetatlon analys:s followed a modified Braun—Blauquet method (Gl" 1871).
in ten-—l m? plots the filora at the ground shrub and tree layers were ‘recorded

and thelr percentages of ground gcover of each species was ‘estimated

(Plate 21). Voucher samples were collected at each site for Alater positive )

A

identification.

Y

r
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- 34 -.Dataj"Extr‘action and' Analysis " S

Onglnally the thermograph data were extracted and ‘placed on magnetlc.“f‘

tape snmultaneously Thls system was partlcularly advantageous because it

reduced the possnblhty of operator error whlch could result when manually'y

extractmg the data The mput into the computer for the extractlon lprocess
:was the change in resnstance across a potentlometer The potmtlo?neter was
connected to a dlrect—drlve belt whlch had - a, cursor mounted on it ’T'he
-‘cursor was posmoned Ilnearly over the trace on the therrnograph ch,art «and then

the circuit was’ opened and an lnstantaneous slgnal was. sent to \the computer

‘ The chart was then advanced elther kl ’or 2 hours dependlng on the tlmmg;

arks of the various charts Prlor to. dlgmzmg the thermograph traces'

calllbrated accordmg to the'. change m resustance across ‘the'” potentlometer by .

means _of three equaily spaced known ‘values from the charts - However, thlSl

a

system was not without llmltatlons Extreme dlurnal temperature data “Wwere not

extracted lf they “did not correspond to a tlme bar on the ohart This
necessitated the - mahual extraction og all the - maximum and” minimum
temp'egatures. - 0. ' ' : '

R

Emphasls was placed on the quahty control. of the manually extracted'

data Each datum was recorded on “the thermograph chart before being - -

- ;tabulated Data measured ‘in degrees Fahrenhelt were converted to degrees

Celsius and then the ‘correction factors were applled They were. then entel’ed e

into  a computer file. The file was compared to. the , tabulated data,

: Scattergrams were plotted for each statistical derlvatlon dlscussed herbm 'All
‘suSpect data pomts on these graphs were lnvestlgated to determme if operator

errors were lnvolved

b,l

Statlstlcel analyses were accompllshed using - Mlchlm lnteracﬁve Data:

Analysus Systems lMlDASl statlstlcal programs lFox 1976 Fox and Gupre 1976)'

1
©

'-.'_’-whlch vare avallable through ‘ Computmg Servnces Unwerslty of Alberta g

Descrlptwe statlstlcal methods were employed to condense the 8ll’ temperature_ _

- data from the study network They lncluded estlmatnons of means }dev:atlons




e ar

a

and regressions.

‘The standard deviatilon, ‘s, is" a measure of the ‘scatter of a series of
measurements about their ' mean value. It is the. »principal.‘measure of dispersion
(Brooks .and Carruthe‘rs 1.953)' The correlation coef‘ficient r. is a standard
" descnptlve measure. - “for indicating the strength of a llnear relatlonshlp between
palrs -of varlables (Fox 1876). in clamatology correlatlon analysls attempts to

account for some of the effect of lnterrelatnonshnp between cllmate serles

. {Thom 1966). A regressnon is a, functnonal mterrelatlonsh«p ‘between an.

indepéndent varlable and ‘a dependent ‘variable. _in chmatology a re_gre sion
‘ analys'ls is use.d to estimate the constants in functlonal mterrelatnonshups here

. they are not measured direCtly as. physical quantltles (Landsberg 1968, Thom

1968): The tool c¢an be used to determme whether and to what extent, case

values of one variable may be predlcted by observed values of another varnable

for those cases (Fox 1976) The user must first choose one vartable to be'

the dependent vanable -t is the one - which is to. be predlcted ‘by values of
the so-called mdependent varlables (Fox 1976) “In the Drystone Creek network

the ground-—level statlons were usually conmdered as the lndependent varlables

because there 'were more statsons oh the surface than at the 15 m hetght'

-Jasper Park East G@te was " the lndépendent ‘variable if a regressno‘h was

omputed usmg it and - 2 Drystone Valley statlon "The sign test - (Keeplng 1962)‘

was employed as a measure of the sugnlflcance of the observed effects in

panred samples

;

The 95% confidence. 'int'ervals were calculated for the mean -daily  minimum

and mean datly max:mum temperatures The method used for computlng these

values has  the property that if the same procedure was repeatedly apphed to'

’many samples from the same populatlon then approxnmately 95% of the

; resultlng computed mtervals would include ' the unknown populatnon mean (Fox

and Gulre 1976) The standard confldence mterval for the mean of the sample,

»lS based on a, Student‘s t-dlstnbutlon and the standard arror- of the meah‘__

_.statlstnc. There is a close tle ,b_etween these _confpdence-lntervals and hy‘pothesis i

-
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t‘esti‘n’g' If the confldence lnterval does not include some hypothesuzed mean.

then a Students t test . would iead to a rejectxon of the hypothesss fhat _the

f.mean of the varlable was equal to thus hypothesnzed, value. If the lnterval does

mclude the ‘hypothesized rhean the t-test would not. lead. -to a rejectnon at “the

.|evel assocsated with- the confldence lnterval (95%) (Fox and Guife 1976).

'*' N o e B . W

It must be s essed that all statlstlcal tests that were used in this . study

¢

* . mssume random samphng qf mdependent events and ‘that all samples orlgmate

from normal pOpuIatnons None of the tests, however requlre a knowiedge of

L the populatnon vanance and the tests are consndered robust In- most cases the

results from a smail number “of panred observatlons tN 24) are compared wuth‘

' the results of larger samples..
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' CHAPTER 4 ANALYSIS AND DlSCUSSlONS

4.1 18979 Weather in West-—central Alberta

) The winter months‘of 1'978/79‘ were- cold and dry ‘compared o 'th‘e
;lonQ—range normals (AES. 1873, 1982} The accumulated snowpack at the . end
of March in west-central Alberta was about 50/0 af the usual amount ‘ January—
" and February  were colder than the Iong—range values quoted in the 1941 -70.
.hormals (AES 1973 The January temperature anomaly at Jasper was -3, 9°C
" and Februarys anomaly was -2. 2°C ch was"® rniid, with a +2 7°C anornaly
but precnpltatnon was lighter than normal. aﬁ\

'longrterm | averag:e..f. 'HoW"ever, wcool' and unsettled weather prevafled (A ES

1979a. - T

.
‘ Ve

Phenolognc development durlng mnd-—sprlng was reported to be at- least ) K

three weeks ' fate at Jasper Natlonal Park (AES 1979b) The mean temperature

and pr"ecupltatlon were both below nor'mal durlng May*‘ There were 12° days

wvth 1.0 mm_ or more of precnpltatlon and. 12 cm of. snow fell near the end

- of the month : o ST =
The per d from June to September was charactenzed by warm and dry

:conditions over west-central Alberta AES data from Jasper and - Jasper Park

."East Gate for these months .are presented in Tables 2 and 3. The flrst of

June was relatively cool, but it was a dry months(AES l979c). July was hot, "'

¥

with small amounts of precapltatnon There was 9 record settlng heat wave .
. western Alberta during " the  third week of July (A.ES 1979dl A relatlvelv‘
warm blocknng ndge r(Knox 1982) per'snsted -over western Canada at the 500 mb

height - fdr much of the month Pnecnputatlon was 61% of normal  at Jasper
. )- . ,. [N
(A&_S. : 1979e)._ ’ : -

' '

August was , warm but thus ‘Was accompanled by sagniﬂcant amo,unts of .

rain from. tl;!understorm actlvsty The warm condltlons were a result of

. upper-alr rldgmg and a strong south-westerly air flow at the surface and aloft
IAES. 1979fl P SO LT

i
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N
)

\ ecologtcal and - process studies - because .of the unrepresentatweness of theseg

_ 1979

~Table 2. June to September 1979 temperatures at Jasper Park East. Gate

(JPEG) and Jasper, Alberta (°C). Source Atmospherlc Envnronment
Servsce (1979cefg 1881).

“

Month : Station . * . Mean - Anomaly ‘Highest Lowest
in 1979 , o :

June Jasper 12.1 -04 - 286 0.0
JPEG 124 -06 - - 310 - -5.0
July - Jasper 163 - 11 345 14
- JPEG 185 © T 10 355 . 10
August . Jasper 157 16 285 25
R JPEG * 148 0.1 295 1.0
'Se‘ptember - TJasper ¢ 11.7 1.8 - . 287 =12
R . JPEG 12.6 24 r28.0 0B

oy - . N

. Above ‘normat - temperatures contlnued into. September The departure at
Jasper was +1 8°d Prec:putatnon for the month was ‘5_6‘% of _normal (A.E.S.
19799) Thls dry and . sunny  month -Was‘ characterized by hlgh daytime

temperatures and cool mghts The first frost of the fall was not until 29"

September at Jasper (AES 1979h) and 8 October. at Jasper Park East Gate
wss 19790 | ' ’ -

‘The Town of - Jasper is 45 km to the south of Jasper Park East ‘Gate
'3 [ 1 oL . B )

{(Figure 1)_ and 'it s apprcXimately 60 .m h%her in "‘elevation than the .Park

! B entrance Temperature and’ prec:pltat»on measurements have been recorded at

i

Jasper snnce 1331 Harrrs (1982) stated that chmate data from Jasper and

mest other * statlons in Banff and Jasper Natlonal Parks, are of hmuted value for

rsutes Navertheless Jasper is one: of the few places in Albertas mountamous

: regncn that has relatnvely long—term, records ; Foliowmg is a - comparison of

Jasper and Jasper Park East Gate for the penod 1 ‘Juhe to 30 September‘

a
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' 4.11 Town of .vJasp‘er,v ¢orrxpared to- Jasp’er,' Park Ea's_t"Gat'e

o The mean temperatures at Jasper and Jasper Park East Gate for
Q .
the 4- month period were- 14-0" and 138°C

respectlvaly (Atmospher«c
_ Environme'nt Service” 1978, e.f.g.

The ’nean daily maxima at Jasper Park East
Gate was 225°C, and at Jasper it was 21 .5°C whlle the mean daaly minima
: were 50" and 64°C respactively.

I

Scatter dxagrams of - the correspondlhg values for the r_ﬁean;

mlmma and maxlma are presented in Flgur:es 8 to 10 'Li_r\e_ar regression and

are preSented in the figures. The

-~

the - coefflcnents of determination, A,

4

<2

Figure 8: Scatter dnagram of maximum temperatures at Jasper and Jasper Park East Gate for .
the period 1 June to 30 September 1979 (°C) Source: Atmospheric Envnronmem'

Service (1 979 c.e.f.9).
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anure 9: Scatter dlagram of mean temperatures at Jasper and Jasper Park East Gate for the

S

period 1 June to 30 September 1979 (°C) Source: Atmosphenc Enwronment Service
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- coefficients - of determln’atlonﬂ for the maxima lndncate that 83% of the varlablhty .
in Jasper and Jasper Park East Gate's daytlme hlghs can be attrtbuted 10 the

T large—scale variations that are common to both statlons However, only 37% of
the varla{,}mty in the minima can be attn‘b..uted to commo_n factors. |
42 Air"'jﬁgpperatures F /7\ _— o

3
.-

Temperature is more than a descrlptlve env:ronmental parameter It is
the key to understandmg energ;r exchanges in the biosphere and it is the most
useful tool in envuronmental”“m.:.'.: "meht lCampbell 18771 % - -

LTI ' et ; i
: Characteristics of air. temperatu@ data are presented in- the f&followin 3
Q..

’ sections. The discussions _ will consnder dufferenceg ‘between ground level andl .....
standard- height stations, the influences of vegetatlon cover aspect, and elevatlon
~on local cllmate within  the valley, and the representatlveness of Jasper Park

\el'

East Gate cllmate statlon compared to the nearby Drystone. CM Valley statlons L

o ¢

- i" o )
421 Gr-ound—leyel vs .Standard-height Stations

« " ' 1 )
o The, World rMeteorologlcal - Organization lWMOl ~ prescribes

temperature observations to be made with the sensor at any level between 125 .
‘and 2 m above the ground (Sparks 1972). In Canada, “the Stevenson screens
are generally, mounted 1.5 m. above the surface, 'but measurements within the
ranges spec:fled by the WMO are archlved {AES. 1978) Accordmg to Gelger
“(1965) when the screens are at these heights the chance lnfluences of site
-selectlon are reduced ‘But me;surements from wuthln the- WMO approved
range of helghts do not neceSsanly give conslstent results even when" ~other
condutnons are equal lSparks 1972) , . ‘ - '
Hellmann (1922 cited in ‘Sparks’ 1972) compared observations from
.—'screens which* were - 25 m apart. .One was 2,08 m above the ground the
' other 1.4 meters. The screen nearest the ground usually -had hlgher daily
| maxama and lower dally mmlma. The largest dtfference in thelr mean monthly

© maxima was 04°C | It occurred dunng the month of May. For the mean



g

monthly  minimum - the greatest dlfference was . in July, at 028°C The range of

diurnal temperatur.eg was usually larger in the lower screen. The greatest

difference in mean monthly ranges was 066°C 'This was measured in_ both
~N -

'May and July. The least mean monthly ' temperature range difference was

008'C, in November. . ey

At all- eleven sites in the Dr’ystone Creek network the instrument

shelters were placed on the ‘ground surface. Lodistic constraints preciluded

having all stations mounted within the range of AES. (1978) recom‘mended

heights. To ﬁ*determine rblative ‘differences between ground- Ievel and

standard- helght measureaments five of the sites had screens at both ground level

and the 1.5 m level. These sites were chosen for thelr representatlveness of

valley condutuons and for thelr accessibility.  The number of co_ncurrent, or

~ isochronic temperature measurements (cases) between each pair of screens

ranged from 16 to 63. . These. occurred during the period 27 July to 30-

September 1979,  Scattergrams of the daily minima and maxima between each

" pair. and regressmn analyses are presented in Appendlx B.

Gelger (1965) . stated that the dauly average temperatures are 13°C

)
cooler in the air layer 0.2..m above the ground in"a fir ‘forest in July

+

cempared to the 1.5 m level - He attributed the dif%rence "..to the extent that

sunlight and wind penetrate the forest canopy His measurements were on fiat.,

terrain but he -. recognized that dlfferences m» thls pattern are likely with
variations in slope, aspect and vegetation cover.

- -

4.2.1.1 Mean Daily Minimum Temperatures

The mean daily - minimum temperaturee -were higher at the

standard-height screens than at ground-level for - each pali' of ""ft:o—located

stations (Figure 11). The relatively low temperatures - at ground level were .a-

resuit of the radnat:on flux and the mcrease of temperature 'with helght

typical .of a nnghttnme negative radiation balance 1Getger 1965) Radlatnonal

cooling of a. sloping surface causes the air adjacent to -the ground- Iayer to
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cool more than the free air at -the same elevatlon This results in a pressure

gradlent which drives the layer of . cooled air do\n the siope. - This drlvnng

' forcwventually balanced by frlctlon losses and compresslbllltg eMects (Doran .

’ &
and Horst 1981) } ' ,.

w
Drystone | and [-M had the .gr‘eatest ditference in . tnelr
mean daily minimum temperatures (3.2£0.5°C) (N=18). This pair of screens was
in low Iynng, forested, flat terram alongside Drystone Creek. Cool air flowing
down into the Drystone. Valley durlng the nlght and net radiation dlffgrences

resulted in lower temperatures at ground~level compared to standard- helght

The pro/ ect campsate was about 200 m downstream from
these stations. Virtually every _night ,throughout the summer cold air currents
were ‘exoerienced. On ‘most nlghts the risino campfire smoke was blown in the
:v‘é*}down’slope direction by the sme{d,y djra.inage winds. The i exceptions were

" overcast and windy nights. ‘ %

rd

One of »the‘ larger temperature differences between ground—'

and standard-level screen pairs was measured in the avalanche track. The early
morning  air temperatures averaged 22%0.4°C higher at standard—-level than at
ground-level for ‘55 correspondlng cases - (N=55). The physical settmg of the
avalanche track caused cold air drainage currents to converge The track was
concave h both its longitudinal and lcross-\sectlonal dimensions and thus, the
cooler air would funnel down the general slope and, . towards its center.

Radlatlon differences ‘may also account .for the dlfferences

Foiding Il and II-M were situatwed *‘»n’ an exposed area‘where;
crown cover averaged 15% The same cover percentage‘was ""'estimated for the
Perdrix M site in the avaianche track. At the Folding site the dlfference
between mean minimum dally temperatures at- ground and standard levels . was
0.7+0.3°C (N=63).  This value and the 2.2:0. 4°C differance between the
Perdrix lil station sites are comparable because these same dtfferences recurr
using identical cases for all four stations (N=51). Thus, the 15°C variation can

be attrlbuted to topographlc and aspect dissimilarities between the two mountatn
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' slopes and the effects that they had on the radiation - flux. Folding Il was on

a shghtly convex. slope. - Cold air densnty Hlows are dlvergent on this form of:

topography (Spurr and Barnes 1973). The headwall of- the a\/alanche track is a

large, nearly vertical ‘surface (Plate 3) As with any other blackbody it emits -

long wave radiation The typical mghtnme situation is for the outgomg flux to "

exceed the incoming flux ~-Thus, the nef radiation is negatlve any ceolmg

occurs (Lee 1978) - Air near the surface. of the headwall was cooled and sunk

downward. The Foldmg Il site was near “the crest of Folding Ridge (Plate 12)

and thus, the aensuty flows were not augmented by cooler air from upslope to

the extent that they were. in the avalanche track.

Perdrix W and II-M had 60 cases in common - They were

- on the same contour. as “the co-located stations in the avalanche track, bat
about 150 m to the north, and with 'a 70% crown" cover. The difference

between the average minima at Perdrix || and I-M was negiigible,. at 0.1x0.1°C. ‘

This. was the least difference measured among the palrs of co-located screens.

The results  of the sign  test mducated that the observat:ons were not

significantly different at the 95% conf:dence lavel (Flgure 11). " The remai_'ning

station pairs attained -99% sugn:flcance in theur paired observations.

, There were 63 isochroni'c cases between Folding IIB and
HB-M. ' This site was in a forest. that had an estlmated 75% crown cover.

There was a 04::0 2°C dlfferenc;§ between the  minimum - temperitures -for the

~Jpok—

. two screens v

T .

. The vertical prdtiies of the mean daily  minimum

\

temperathres at' Folding 1B . any B-M were similar to the average-  conditions

that Bergen (1969) foun%} on % foreﬁed mountain slope in Colorado His

.‘ground-level stations averaged approxumately 05°C cooler- than at 1.7- m above

the surface The trees - act as a source and slnk for long wave radiation

during mght (Spurr and Barnes 1973)..  The ‘energy. radiating from the

layer is abSOrbed by the vegetatlon which, in turn, . re—raanates nt The

- 51
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thany in nop-forested areas. Forested mountainous terrain i§ not lnfluenced, by
5 : S

katabatic winds to .the extent *that “open s-lo'pes are '(Bﬂergen 1969) But,

nighttime dralnage currents are " subject to the overrndnng effects of general

- circulation dynamlcs (Yoshmo 1975) Hngh humidities, mnxlng of the air by

synoptic— scale ‘winds, or cloudy weather leven wrthout rain), v to minimize or

eliminate density flows _(Albright and Stocker 1'944).

©

-r-m_#

. ”-d

4.2.1.2 Mean 'Daily Maximum _Tempenatures T ; R

'.' ' For cllmatolognoal purposes an active surface is defmed as
the prmc:pal plane of _Climate activity in a system (Oke 1978} This is the level
where the mam transformatnons of energy (eg. radlant to thermal sensible to
Iatent); and mass {change of state of water) occw The -canopy of ia‘i well

developea- forest is an active surface but it is not an inpenetrable barrier. to

the transfer of heat and' water svapor (Munn 1864). ) In summer dnurnal warming

begins at tree top level and propagates downwards with decreasung amplitude.

J
for an active heat exchange process within the stand (Munn 1966)

I open areas, the " active surface is much closer to ‘the
earth-atmosphere interface compared to forested sites. It |s the plane of
posmve net radiation absorptton by day and hgs an energy surplus Hence, air
adjacent to this surface shouid have hngher temperatures {Oke - y978) - The
daily maxlmum temperature anomalies between the palred 's_tatlons in‘ the

Drystone network. generally followed this pattern. But, some were- warmer at

standard—geught (inversion cond:tlons) while others were warmer at ground—level ,

(lapse conditions). Foldmg i and I~M had quse conditions. The dlfference. |n

their mean daily maximum temperatures was 2310, 4°C (N=63). The site was. an .
open grassed meadow (Platé 14). The warmer valueg at ground-level were a;

reflectson of the active surface bemg nearer the grOund and perhaps, poorer )

ventilation of the Iower screen.

A short distance away from Folding I there were inversion-

This' temperature wave can be detected on the forest floor, wh:ch is evudence.'

n
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_.:‘condltuons durmg the afternoons Foldlng IIB-M was 13:9:0 3°C warmer than the’ 4
‘ground—leVel statnon Foldmg llB Th:st same trend was measured at the valleyf“-{: o

"~""bottom statlons Drystone “and —M , The dlfference at these st‘atlons was:‘

RE 7:04°C (N-l4) Both the Foldmg llB and Drystone 1 sltes were sltuated wlthunf

forests ‘that hed crown covers of 65 to 70%, \respectnvely (Table 1) 4 Relatwelyi

. “high afternoon temperatures ‘are usually the case above the ground surface |n

v'forested sntes (Hannel 1956 Munn 1966) '

There were lapse condltlons durnng the aftemoon _at the

. Perdrix .1l s‘ite The dlfference m mean nlnaxuma between these ground—level and y

. standard-helght statnons was 02:0 l°C lnversnon condmons durlng the afternoon
‘are common |n a forest but there are exceptlons to thls eSpec:any ‘in clearlngs

: -or when dew forms (Munn .. 1966) Perdrlx ll and ll—M were wuthm 8. forest

;:':mat had a ‘70% crown _cover. . But dnrectly above Perdrix ll the celestlal
o hemlsphere was more open than at Perdrr;x ll—M whlch was Only a - few meters‘.

."raway (Plate 6) Addltlonally Eerdnx ll-—M was suspended dlfferently than the
- ._i-'standard method of “the' Atmospherlc Envvronment Servnce (AES 1978) It was "

"?',-restnng .on two poles whlch wer\e between two trees, ~mstead Of bemg

‘Supported by a prefabncated wooden stand The screen was wnthm the lower

f'branches of the flr trees and hence Vit

3 |n the surt However

'“Perdnx Il was - observed to b

high--smiperv‘éd Over the 'BO0  Cases Wough,out .th'"e‘ :s]ummer" 'ﬂlééﬂé".

"' -"contrnbuted to. producmg hngher temperatures at Perdrrx ll than at Perdnx Il-M :

-'However at the 95% confndence mterval the values from the two sutes are not'_-

.sxgmflcantly dlfferent (Flgure 12) o

-.{

e . . K

.On-a flat, grassed surface the hnghest temperatures durnng '

.‘mld-day are usually at ground-rleVel because 1t ls the slte of the actlve surface'

' -‘However the aVallnch 'j.-track stte had an: mverslon condntlon of. 07#0 5°C (N‘55)

on averege durnng

L 'same as Foldlng”_ll But thls latter slte had lapse condntuons A reason for»

4

» ‘-h:gher temperatures at the 15 m level in the ‘iavalmche chute may be attnbuted

- to the effectwe 'actlve surface The avalanche track was vegetated by a

dir et solar :‘ adlatlon clurmg part of the dast B

'factors- :

d-day even_ though it had @’ grown covenn'",_:f,of 15%,. the

53
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shrub layer that was about one me\ter hlgh (Plates '7' and - 8) The woody
' shrubs were deformed by the seasonal avalanches and were bent downslope-‘

toward the northeast The angle of . .the suns rays determunes the lntenslty of
- lnsolatnon upon the ground' Because of the track's : angle away from the ‘sun ~

e “the solar- radtatlon would spread over a relatlvely large area of the mterceptmg_'
surface But, the dlrect beam radnat:on would. "see the layer of shrubs moreso
than the ground ltself The radiation would have to pass\through an effectlvely
deep layer of vegetatlon before reachmg the ground (Flgure ‘L8) Even though
the shrub Iayer was low ln stature lt wouid be operatlve m mterceptlng much :

" of the short wave energy because of. the angle of the suns rays

‘ Another reason for. the standard helght statuon at Perdrlx m
bemg warmer than the ground-level statlon could be due to errors mtroduced )
lnto the. measurements ) because of the standard Ievel screens stand The

statlon was - attached to ‘the base of what was once a .medium sxzed fir tree. -

Figure 13: The effective active surface during mid-day in the avalanche tract. |

-~ R

e '/

Dlrecrbeam .
. solar radletlon/ .
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W

This cylmdncal base presented a wide, vertlcal surface to dlrect solar radlatlon

and therefore it may have experlenced daytlme heatlng ' Convectlve currents :

would have moved up mto the Stevenson screen which- WOuld .resuit ' in. elevated

o

temperatures at Perdrlx =M. (The same may have occured at Foldmg =M.

Ry

Daytlme alr temperatures .near the surface are determined.

from the mterplay of . net radlatlon balance at the surface transfer rates of
sensxble heat up into the atmosphere and down. mto the ground and absorptnon

of Iatent heat by processes of evapotransplratlon (Sellers 1965 Munn 1966).

The: effect of these lS that’ day to"- day atmospherlc condmons will _have ‘more . .

measureable effects |n a clearing than beneath a forest canopy’ For example
the flux of du;/qt shortwave energy that is excluded by clouds would be

) greater for a clearmg than ‘for a treed covermg This is because a fforest

,floor already has a shortened effectlve day length °for ‘direct-~ beam sola,rv‘

radlatlon due to. shadlng (Lee 1978)

The effects | of wnnd are 'lmportant in. aldvectiona'l 'h.e‘at

exchange because wmd can elther accentuate or modnfy me' : ', ical elenfeht’s

(Martin 1971 MacHattle and Schnelle 1874).  But, wmd peeds near the. round

within a forest are usually less than above a canopy

(Haupt 1979) Thus _the dally vanablllty of clouds’ d winds produce gr ater
dufferences in temperatures between ground-level and standard—~ helght stati ns in

'clearungs than wsthm forests '

t

~ 422 -The ,Drystone Valley Network Vs Jasper - Park em\ Gate

Chmate data that are collected through .the ausplces of federal and

-prownclal agency networks are usually meant to, be representattve of - Iarger,

areas. .than . each cllmate statlons ' lmmedlate Iocatuon . - But, - the nature of
'mountalnous topography creates such a vanety of small—scale cllmate/ conditions
.. that any statlon is hkely to be representatnve of - only a lmute&/ge of sites
.(Barry 1981) o | | B |

~lt.- is often” up to _theiiuser of jclimat"e" data_ to adapt "t'he"se-. values

-




“to the surrounding topographic 'f.eatur.e's' For example Strong and’ Leggat

(1981) mapped »nine ecoregion‘s in Alberta  Five of these were |dentlfled wnthln K
,. 2 km of Jasper Park Eaat Gatehx Each of them reflect characterlstlcs of a

dnstlnctlve Iarge-—scale climate reglme as expressed by vegetatlon (Subcommlttee'-

-of Biophysical Land Class:fucatlon 1969). At the 1:1 500 OOO map scale

":Jasper Park East Gate statlon is at the spot where the montane subalpine and

boreal fOOthI“S ecoreguons converge This representataon s’ not conslstant wnh__' '

the definition of the climate of _}goreglon because one statlon , can only
~Measure  one partiCtJlar climate reglmeﬂ ‘at  a - time. Strong and Leggat
aeknowledge._ that the detail of- their surveys’c‘:annot be adequately shown on a
-map of this scale Still, the problem is that’ Jasper Park East Gate can not

mirror the chmate conditions of ‘these - five ecoregions. o ’

The Drystone Cre‘ek network prov:des an mdncatlon of the

varlatlons of chmate wuthm a macrocl:mate settlng and within severa| ecoregnons'

‘ accordmg to Strong and Leggats (1981) map. Following IS a discussion 'of air

temperatures measured in the Drystone Creek Valley compared to those

measured at.Jasper’ Park East Gate For comparatlve purposes the case values.

_from ',Jasper Park East Gate ' station have been transformed to ground level

équvalencies The regressuons dlscussed in the preceding section for the daily
minima ‘and dally maxima at Folding ll/ll-M (Appendlx B) were used for the

transformatlon , The two stations at thns ~site had’’ a relatlvely long record -of

comparlson and thelr vegetatlon covers ‘were snmllar to Jasper Park East Gate's.

There were 24 days in Wth":

Drystone network sstes and ' Jasper Par:_' East Gate -were slmultaneously in
.operatnon These cases ‘were’ recorded between late—June and mld July 1979
~The stations mcluded Drystone I, LFoldmg I Foldlng IA Foldlng A, Perdrix |,
: Perdnx ll and Perdrix (i’ Descrnptlve statnst:cs of thel‘r dally maxlmum and daily

mnmmum temperatures are illustrated . in Flgures 14 and 18, The hlghest mean

da:ly maxnmum temperatures were - found at Jasper Park . East Gate and at

Aetwork sutes that had low percehg_ges of tree covers Most of the mean

<

vdally minimum - temperatures were hlgher at the valley sites - than at Jasper Park .

_thermographs at 7 contrasting -
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®
.Figure 14: Descriptive statistics of isochronic minimum temperatures from the Drystone Creek
' . network and Jasper Park East Gate station (°C, N =24), ' S
(a) Mean of the Minima L ' | '
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Figure 15: Descnptlve statrsucs of nsochromc max:mum temperatures from the DrystoneCreek .

network and JaSper Park East Gate statlon (°C N 24)
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East .Gpa_t‘e.. ‘The exception »Was‘- Perdrix 1.

- The d:fferences n temperatures at Jasper Park East Gate and the -

. network- statnons have been computed in order to reduce. the network data ‘to. a

standard reference These relatlve differences. for mean daily max:mum and'-
minimum t-emperatures -and thenr assocxated 95% confldence Iev_els,‘ for- mean

differences, are ‘plotted in Fsgures 16 and 1 There. were relati\}'ely Iarge?-, E

: dnssumllarltnes between max:mum temperatures at Jasper Park East Gate' and the

forested sltes and these dlfferences ‘wers generally . greater w;th mcreasung

elevat:ort The . mean dally maxlmum temperature at Folding | was the most;
snmllar to Jasper Park East Gate while the mean dally mlmmum temperature'

fleld from Drystone Il was the most similar . of the . mean dally rmmme A,The_

factors_ - that contrlbuted towards these d«fferences in’ va”lley temperatures

~ included, - am'ong_ others ; eIeVation slope‘ 'aspect the characterlstzcs of the

'vegetation' cover, small*—scate topographuc features and  small water - bodies

{Lester 1974). In the followuag sectuons these factors wull be svngled out and o

their relative mfluence determlned Scattergrams of each panred variabie of the,

24 :sochromc cases appear within the text or within Appendnx C if -all cases
for  the paired temperatures are discussed In these dlagrams a e ns one
 datum, a numerical ‘value corresponds to the number of mult:ple ocecurrences
overlapping that point In these dlagrams the error bars (x one standerd
devuatnon) nnterséct at the mean temperature dlfference between the statlon ahd
Jasper Park East Gate. -

4.2.21 Climate-_vegetation _Interrela‘ttonships

, - =

14

network stat:ons Were .not slrmlar among all sutes, n the Front Ranges the

'dustnbutnon of vegetatlon is determlned by a ‘ combunat;pn of phystogrephtc

_yh:stonc. -|nteract|ve and stochestvc factors‘ (Hettmger\ 1975) Florls’nc

charactenstics of the tree and shrub covers near the sxtes are presented
_'Tables 4 and 5 Unless clted otherw:se ait ecologlcai charactersstlcs of the
plant species are referenc_ed from Hultér (1968). ‘

The forest commurutles surroundlng the - Driystone' Creek .
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' anure 16: D:fferences in maan dally maxtmum temperatures betwaen Drystone Vailey n;stvw;ork

stations and Jasper' Park E
o meand De; g 8_85 G).ate "PEG). and associated 95% confidence intetvals
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anure 17: vaferences in mean: datly mini
stations and Jasper Park’ Eest date (J P E G),and associated. 95% conftdence intervals

-

mum temperatures between Drystone Valley network

e ‘of mean differences (°C N=24)"
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a .

A pr/or/

Flgure 18 Ne! radlathn (a) over a forest canopy lb) wlthin the ‘upper crown stratum (c) at

Lee (1978) stated that a dense forest canopy modlfles air
temperatures near the ground Net radlatlon at the surface

is reduced durmg
clear days and is_ increased at nlght relatlve to the top of the trees. (Figure 18)
During penods of posmve net radlatnon temperatures near the forest. floor are
not -as extreme as thOse above the canopy.
.‘groundv is  warmer than_ al?oye :

At mght ‘the
the forest
relatively large- negative net,radiation flux

layer neal; ‘the
because . the - uppe,r‘—level .ha's a

A dense canopy and ‘an open slte are sumllar .in that thew
1978).

are both the prmc:pal plane of clumate actlwty in thelr respeotwe systems lOke
balance over

Therefore curve ‘a" in- Flgure 18 ls analogous to the net raduatlon
a non—forested site.

near-surfacev air temperature

the farest floor Source Lee (1 978) besed ‘on data from Baumgartner (1956)
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’ ‘ dvfferences between juxtaposed open (non-forostod) and closbd (forested) sutes
should be mdlcatvve of the dlSSlmllarltleS :n theur radlatlon regnmes [N
4221 1 Foldmg I vs Foldang IA - ‘ -
. " . _ Sbope onantatnons and elevataons were szmilar )
o : Foldmg l and Foldmg lA (Tabla 1) \A dommant trea speoles at both sttes was‘_.‘»-_‘.j . |
:._: . whute spruca yet tho:r vegetatlon communmes wero otherwuse dlfferent‘ <
accordmg to the oo ar—abondanca scales (Table 4) At Foldmg I whnch was a |
,‘ .small openlng ln th' forest canopy, the crown cover was 20%,- at Foldmg IA |t.'., "
poi was 75% Tha -8 }uce and ﬂr trees at F@ldmg IA wore approxnmately ~25 m.

,ﬁ.ll. at: Foldmg I tﬁ[! s;’ruce were: 2 to 5 m “high. F°'d'"9 ' was; °ss°"t'a"y &

- . Bl
o non-forested snte whule Fbldmg lA was 2 forested Iooatnon J .
\1 -.:"" '.-‘ Shrubs ara small woody plants less than three meters‘ )

m henght (Whuttaker g 1975) Whlte spruce was tha only spaolas wuthm the - 1
shrub stratum that was comrnon to both Foldnng I and Foldmg 1A, and nt only",'.".', k|
occupned 1% of thus layer at these sutes (Table 5) The shrub layer ‘

| Foldmg ' had specnos such as éommon mountaln_",;umpor (Jun/perus, communis)"'“_‘
. and klnqukmmok (Arctostaplﬂflos uva-urs/) The domlnant shrub at Foldlng A was L |
R/b” DXYPCOM/?OIO'OS whuch s usually found u‘ﬁ moist woods “R. tnste and .

Rasa ac/cu/ans both typncal of moust _to wot, " sites, were recorded;--‘ _,_at; SR

N

L The mﬁuence tﬂat\ vegatatlon ‘oover ,' axerts on' n

© maximunt fe_-i'fr;né?h
and Foldmg A,

nte dissamukarmas betwean these two locatnons ara '_;prlmanly

dua to trea cover dnfferancn Tho moan dady maxsmum tamparature'i.""

'o’r‘ed | :

i _maxtmum temp‘ , .aturos,";

» .




quure 19 Scattergram of danly rnaxumum temperaturas (relmnve‘fo Jasper Park East Gate) at - r , :
Foldmgland Foldmg IA (°C N 24) y Dol R

H

7=0¢

ST vf.,'v,"‘-umhm = o c Ca
Ll numbmtmufﬁplo oecufrom '
‘l

b L Foldinq I Tomperaturo (°C) '

 Folding iA Temperature (oC) -
?

geo

[P EPRI

SPRENS Denved statnstlcs from correspondmg temperature data - .
'-:for Foldmg and Foldmg IA for all avauablc cases ¥N‘42) are prosonted
o ?Table 6 The mean danly maxamum was hnghar at Folding L Thare was an
 - 84:0 7°C d:fferenca Lae { 1978) repcrted that daﬂy maxnmi are gonorally
hlgher m a non-—fov‘emd site compared to a forestcd srta Oka (1978) | ’
"'""_attnbutes the dufferencos m maxumum tomperatufes to thc posntnon of the actvve o

o "‘.‘surfaca relatxve tc the sensors

Vegetataon ‘does no '-'pl;_y"' a role in. determmumg the A
"_xelds}?at- fFoldmg 17 and Foldmg IA The 'mun

'mun dally mnmmum temperature




e Téblvo!;-s':f;-" . Doscnptnve statcstacs of di?feronces relmvp ‘to Jasper Park East
SR B ‘at southwast—facmg Folding: |, a- non-forested szte and
S R Foldmg IA a forested snte ('C N=42) R _ A

ol N

Vanable v Stﬁ!tion " Lesst . Greatest S Mesn

S

S Foldlng B =68 . T —g4 —SLaio.e-t.

“Maxima . Folding iA 28 24 5'5'?»_-,/ ee:oeoc
L Folding 1. cag Cos0 oz:orc

[ _‘ ' . . ’C’. .
| anure 20 Scattergram of datly mummum temperaturcs (ro!atlve to

Jasper Park’ East Gate) at Foldmg l and Foldmg A
(°C. N 24) R

" Folding | Temperaiure (¢C)




v

The dnfference i the mean dauly maxlmum between :

Folding [ and Foldnng A was relatlvely large compared to the dlfference |n thenr

mxmmum Thls . may be explalned |n terms of Lees l1978l comrnents that”

max:mum temperatures are more ' sensmve to darly changes m atmosphernc“f‘“.'
P phenomena than mlnlmum temperatures Varlablllty m maxlmum temperatures .
especually observable durlng warm ‘ sunny persods (Lee ' 1978) | The 24~ :
correspondlng cases at Foldmg l and 1A were measured between 13 June and -

24 July 1979 a' relatively mlld penod |n west—central Alberta compared to'“

£ 70

most “years (AES. .1_9»79cde) Tms may have contnbuted 1o the large dayt:me_' B

"temper\aturfe' discrepancies : between the forested -and. . non_—forested- sltes.‘

Additionally'} the ssze of_' the forest kS openmg mayv ~-'have' -‘resu'ltedi

- unrepresentatlve measurements (Lee 1978) at Foldlng L Accordlng to Lee'
(1978) measurernents obtamed in- forest opennngs are poorly representatlve of‘-ﬂ""f. RE
atmosphenc phenomena because mlcrocllmate at the center of a small forest"- ‘

opemng IS mfluenced by the relatrve slze of the plot compared to the tree Sl

he»ghts a : L

- 3,

[}

forest than |h an adjaceht no
e

o at the Foldmg l-level statnon_

were 36 9°C at Foldmg I and 28 7°C at Foldmg lA

-‘-4.3.22,1-;t=qld,ina 1 vs' fFol_ding uA j o |

Extremes,, m temperature are generally less . |n a "
aree ASpurr 1957) E'hns was observed-‘g-.‘ o
'e .anges m the 1“ec:tual observed temperatures'f

Foldmg " and Foldlng lIA had approxlmately the sameif-' ool

“elevatlons aspects and slope angles but thenr' -percent crown covers were" S

'dxfferent (Table n

l Th cover-abundance

) fll:on-fqrest,d stqﬂons, Foldmg and Foldlng had _many snmslarltyes (T ablus 4

y" . l nd: 5) d : MInlmum temperatures \

__S__'cattejgrams of - the mean dally maxlmum
'for the 24 is chrohlc cases between_ 'Foldnng ER

R SIS S iﬂlass:fvcatnons f the z ST
'_.' ".;forested Foldnng Rndge statlons Foldmg lA and Foldlng IIA and for the

d Foldmg llA relatlve to SO



v : Jasper Park Eest Gete are presented in” Fagures 21 and 22 The clustermg of
- the scatter .. pbmts for Foldmg lI/Foldung @ reﬂects the trend of h:gher

rnaxarnum temperatures m the non-forested sstes than in. the forested srtes

(F:gure 7). However the:r relatwe dlfferences in mexlmum tempermres were

’ _._"not as great as/ those between Foldmg I/Foldnng IA (

o " : ’l._fjf correspondmg stet:ons have umform vegetatnon. o
V'covers aspects elevatnons and slopes then sxmllar srnall-scate chrnete petterns.v':
'can be expected (Janz and Storr 1977) The relet:vely lerge dlscrepancnes in

' "rneen daoly maxurnurn temperatures between F—oldmg I/Foiding 1A ¢ompered to

;:Foldmgﬂ lf/\lding llA relatnve to Jesper Park Eest- Gete w(F'ngure 16) may be

partly as. a resu‘lt ot unrepresentattve :tet'on smng Foldmg l was in. a smalj.-r .

opemng whrle Fold’nng wes\ ln .8 relltwety hrge openung The suze of the

. Fvoure 21 Scatteryrern of dmly mmmum temperetures (releuve to

. Jasper Park Eest Gete)etFoldmg u and Foldlng IIA o | o A
(oc N= 24) R R eI S S TN

e

Foking UA Tomperatir pey
.-? A

umberslmulﬁueeqcurrenee

Folding Il Temperatur ey




anure 22 Scettergrem of delly mmlmum temperetures (reletwe to n
' Jasper Park Eest Gete) at Foldmgu end Folqu HA

" forest openmg at Foldmg

A

Folding IIA Temperature

(°C N 24)

»

f S -
ST . £

5

o ’-unohm

* =104~

nunmtm“’“*”ﬁ‘"“

-;';‘as much emaller than that of Foldlgwg (andi_
S Perdnx IH) and &herefore the mean dmly mixlmum temperatures obtamed et thxs{'

"";-_'srte may not be dnrectly comp_ rable' tp tﬁdse obtemed from F-old:ng (Lee

' 1978)

" ""-The mummum tg o

mperetures for the 24 :sochromc-'if"__.
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»

lsochromc cases (Table 7). There were dlfferences m mean daily maxlma but--'

»" not ,n the:r mean datly mmtme Paralletnsms m the temperatures between the

. Fadmg Il/Foldtng A sxtes (Table 7

s hngher at Foldnng |1 than. at F-oldnng IIA whloh epproaches the d»fferences m the‘

] :_‘values recorded between Foldnng

and between the Foldlng l/Foldmg lA sltes";. L
- (Table 6) were observed m the data The meen dauly maxnmum was 55:':06°C‘f“

_-_ ' and

[ 4 o
The ranges of the - extreme;,_' ’

maxnmum and mqnlmum drffered by 75°C between Foldmg end Foldnng FI'IA:_" :

Foldmg l and Foldnng 1A - had a’ comparable 82°C drfference in. the:r ranges over:_ |

the same ISOChrOﬂIC untervel

N .

tts trees were not - as tell as - Foldlng lIAs (Plate 14 and Teble ). The 24_
: ~:sochron|c cases were not recorded et F-oldlng IIB but over the course of the"'

) : ,sumrner there ,were 81 correspondmg cases Qetween rt end Foldtng II (T able 8)

Foldmg B was a forested snte near Foldlng il b'ut- :

.The relatq‘e ruchness (specues dvverslty)

Foldmg llB is evndent cn Tel:ale‘l 5

| more mdmdua!s per umt area than Foldlng llA g

iy . o o Temperature

\'

‘i'n number of shrub specles et RN

(Th:s forested srte hed more specnes end'

.

data from Foldlng lI/Foldu]g ue we.

presented in Table & Trends m temperature \petterns were sumsler to those :

observed for Folding il/FoIdlng IIA '

Foldmg lls meen mmnmurn reletnve to-

Table 7 _Descnptnve stetustocs of dnfferences reletsve to Jesper éark Eest

at southweet—feclng

. Foldlng A, 2’ forested

g Mm‘m‘ o . Foldmg IIA |
o Foldmg u s

Foldn,ng uA"
| roung

slte (‘C N=4

82wy
03

30 o ;-15:07-c 3\

1 1 2:0 7'C
5 7::(5 6°C

FIN-AC VRO IR e

Foldmgm Il a non—forested srte end .

21 "'f*'-zezowc | '




) Table 8:'_' Descrlptwe statnstncs of dsfferences relatlve to Jasper Park East

Gate; - at. southwest—facmg -Folding II, " a non-forested sxte and
'Foldmg IIB a forested sn‘.e (°C N-81) CE _ , P
L Variable Stetice . | s ,. Leest S ‘.Gf‘eatest.‘_ N ~ Mean
 Minima .~ Folding 1B -g1 S B0 -18:05%
' Foldirig - 1l o =58 - 48 - =1.120.5C.
* Maxima Foldng 1B 43 159 | s2:08C
| | (Folding 4~ -40 104 . 3es0c

Foldmg llB wes epproxnmately the seme &t 05:0 5eC, end the mean maxnmum
- “was hsgher than Foldmg IIB by 56..0 5°C while the - renge of the extreme
- temperatures wes 5.6°C more at Foldmg ] then at Foldung IIB R o

' S o The ma)or dlssm'.llerlty between‘! tree eOVef's" .J»at'
L Foldmg A and Foldsng - was that:. the Imer ‘gite had ’a'ee helghts that wer
gbout 8 ‘m iower (T eble 5) Therefore the ectlve surfece would be further
from -the ground surface at . Foldmg IIA than at. Foldmg ,IIB The shrub Iayer

was rlch m _ spec:es at Foldung ‘ llB but specnes qhversaty was Iumtted at i

} Foldmg HA (T able 5). R oxyacamhmdes * whiich is - common ‘moist sites, was

j present at Foldung The shrubs et Folding IIB

canadensns lnd R woodsu ere more common of dner sntes

, , The slope angle at Foldmg IIA was 30°' and at
.Folding 'IIB‘ it was 25, i‘here were 19 cas nn common between these two
sites (Table- 9. . At Foldmg lIA- the mean. - mi smum and. mean maxlmum were

Tdifference in" theur meen mmlma may ‘be prla'md in ""’1‘ °f t°p°9'aphy and

. :rad:atwe fluxes C"ofc’;l'er‘ _aiir"?dr'a_linb_s-, ﬁ_'_dgwn;iope xfﬁQtﬁ' ’c_h'e" ﬁb’f‘iﬁf, _,"st,ed jire;a‘ above

-

. _asj : Sh‘ephe;dA/'la"_' : '

16-'-0 3°C hngher and 17+0 S“C less respectwely. comparad to Foldmg IIB The -‘ -




te

Tab.le 9. ’Descnptuve statlstlcs of dafferences, relatnva to- Jasper Park . East'
- .Gate, ‘at two - southwest-facmg, forested -sites, “Folding. 1IA and -

g Foldnng B (C, N—19)

Varigble Sttion | Least Grestest . - Maesn

Minima Folding 18 -43. . - 19 -1gtoeec

s ' Folding 1A -59 . - -g§ '—33:1o~c

Masxima  ° ° Folding IB . 78 . .18, age
. Folding WA. . 78 148 ° 117:0.8C.
' é

was a near | vertlcal drop of 200 m (Flgure 2) Due to’ tOpographlc-

dnsslmllarmes these two sites would have dtfferences in the extent to whlch'. |
:tt1ey were affected by the cold air denstty flows that orlgmated upslope from-__:]j,
_'each of them Thus, surround:ng topographlc features seem to play a relatlvef; '
role in determ:mng nlghttlme temperatures The relatlvely warm afternoon values, -
at Foldlng B compared to Fol&ng llA are .due to the dlfferences in thelr:
.surroundung vegetatlon covers The forest floor at Foldmg lIA did- not heat up;

as much during the day because it was further from the, acttve surfadb

There IS another factor besldes vegetatlon helghth'
.' Whlch may - have been ophratwe in. producmg hxgher temperatures near the forest;‘f.-""'r-j '
floore at Foldmg 8. compared to Foldmg llA The side of thl mountaln up thef'f.' . e
‘ slope from Foldlng IIB and. the area along - the contour towards Foldlng ll did: R
not - have* a continuous tree cover Openings such as these whnch are near a
moderate to denee tlmber stand may become warm anr-pockots dunng the day

Ths:y act ‘as - natural chnmneys" under oondmons of stro,\g heatmg lSchroeder.f. o
and Buck 1970) Cooler alr near the forest floor replaces the rlsmg -air - iy tlte-;v;::.':t__ S
opénlng Thls type of clrculatlon '8 stem w d': draw some of the relatlvely"r S

R

warm air from above the forest ﬂfloor down 0 a lower leval. Flgure 23 v_
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o« o
Flgure 23: Thermal field producing the ”chlmney effect" between Foldmg Il'and Folding 1iB
' “{N=57). Adapted from Schroeder and Buck(1 970) Temperatures in degrees Celsrus

'II-M: 203+1.3 < ' IIBM 174+12

‘--
8 g -v',

- ﬂelds uat standard—helghtl ground—level w:thm the chlmney ‘area and adjacent

forested site. The effect ‘of the surroundlng vegetatlon on temperature at -

F=oldln’g_ 1B * was that -this. site. would be _warmer than Foldlng HA d}urmg ‘

' afternoons. . o | o — e
v "'4,'2'.;2:1.3 Perdrix Il vs _‘_,Perdri-,x' '-lll' ’ !

-

N elevatuons,. aspects and slope angles but’ thelr percent c;own covers were‘

‘dlfferent Perdrix -1l - had a dense forest canopy composed of balsam fnr and

white - spruce Wthh were approxlmately 10 to 12 m tall Perdrlx lll had a. thin

covermg of: whlte spruce' (Table 4). _ The shrub layers had - few SIFnllal'ltleS

that would deVelop lnto trees lf Ieft undlsturbecl “ A characterlstrc .of the-

'.n‘

* Perdrlx [ and Perdrrx gl had app\e.&lmately the same —

(Plates -6 and 8 and Table 5, ‘Most of the shrubs at’ Perdrlx n were specles' ‘_

TR e, P ERT Cy

o S s Bt o




» - 77
- vegetation at’ both- is that “the ‘tress and ‘.shru‘bs‘ VWere'"'asso‘dffated- with moist - =
habitats. . |
The danly maxlma for the 24 ISOChI’OﬂIC cases at
:‘ Perdrix - | m were slgmflcantly hngher than at the. nearby forested s:te Perdrlx ‘
(Figures 16 and 24) Usnng all avar!able cases (N-94) thns same’ pattern -
reourred with the mean- dally maxnmum averaglng 20:0 4°C hlgher in  the
. avalanche chute (Tabg 10) | |
The mean dally mtmmum temperatures for the ~ 24.
-lsochromc cases were ot snmular between these - two adjacent svtes Perdrlx .
and Perdnx (Figures 17 and 25) At the 95% confndence Ievel the mean
. dally mmlmum temperature at Perdrlx ' l was . sngmfucantly less than ‘that at"”ﬂ ‘
'Perdr‘jx A Usmg all avaulable cases (N-94) the average dlfference between
’Fugure 24 Scattergrem of danly mum temperatures (relatnve to
' Jesper Park East' Gate) at Perdﬁx lll amd. Perdnx ]
(°C, N= 24) . , '
) i ’ . ‘ ~.
N - o A
, - o . ‘ .
. 6‘) ~~ : S * .
9-_ ! iﬂ * a 7 . ‘.'“‘
;'@ > : v ‘ :
- “\3 .
) § ) k ) - L ] - o v
a : ol B h 2 B v »
8 o Rmeay | ‘
: L L S
) BT [T numbenﬂnumphoecumnce :
- o B Perdrix Ill Temperature (°C) :
v &\ PNEY (/ i




Table 10:

Gate, at two.

Variable . Station  Least
g ' . LS

- -7.5 y

Minima ~ Perdrix ill

- Perdrix Il

Maxima Fer'd'rix - IH 1.3

Perdrix—tt 33

y . - S
. : N q

Figure 25: Scattergram-of daily minimum temperatures (relative to Jasper Park East Gate) at

Perdrix lli and Perdrix il (°C.N=24). -

‘Descriptive’ statistics _of differp"rjc,'e's’,f

: _ -relative to Jasper Park East -
_ northeast-facing, forested - sites, Perdrix 1. ‘and
Perdrix 1l ~°C, N=94). ST e :

»
v, .

* Greatest ‘Mean

7\‘ . » : . =
72
34

0.6 0.6°C
-2,3:06°C. .

178

_85:0.6°C. _.
193

~ 10520.5°C.

-

1!

v

" Perdrix Il Tam‘porature'l%) :
N - F . ~
3 ’
u .
1
'

-0 =8

N

e - 'PW$ik:'iiI‘-.fcmmramfof(f’t)_. o

»
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these twofadjacent sités was ZB&O 2°C. "The‘ range: in "'tempe"ratu'res »Was 86'C

greater at Perdrix than at Perdrnx LA Thls was more than the ranges

between any of - the Foldmg Ridge’ statuons dnscussed above and was due in part"

<]

to the relatwely cool tem er fres at night .in the _avala, he.' track. :com'pared to-
P gnt ? avalanche nparec to-

‘ts swroundln

" +33C, and at Perdrix I it was 03°C a range of 36°C LAt the Foldmg
stations. the dnfferences between the munlmum values were not as - extreme

They ranged from_ 0.2°C at Foldmg l/Foldlng A to - 15C at
Folding IIA/Fdiding IIB. | S

Of the three ‘paired sltes that had vegetatlon .cover

‘as thelr major dnssvmllarlty only Perdrnx ll/Perdnx Ml "had a sngnlflcant dnfference ‘

in thelr mean dally mlmmum temperatures lFlgure 17 and 24). - At these latter

sites the dn‘ferences in thelr mumma may be accounted for- by anoi:h{ causal
. factor; Iocal topographlc dlssnmnarltes Supportlve ewdence thls ns\the .
_:differ_ences in mean - daily memum temperatures between Foldmg A an_d
.‘Fol_din.g. B. The tree helghts at Foldlng llA and Foldlng 1B wer8. not ldentlcal
but it has’ already been demonstrated (vuz Foldmg l/Foldmg IA and. -‘
Foldmg ll/Foldmg 1A) - that dnfferences in vegetatlon cover ‘do, not sugmfucantly- '

‘mfluence mmlmum temperatures on. Foldmg Rldge The other snte charaoterlstncs.

slope , elevatlon ‘and 'aspect ‘were * similar, the * exception. bemg in "their.

topographnc settmgs upslope -from each -of these two statlons Up the slope e

from Foldung =38 there was a Iong fetch while up the slope from . Foldlng llA

there was: a relatlvely short fetch Therefore due to topographnc dlssnmllantles

thes&, two sites ~ wouild have dafferences m the degree to.. whlch they were :

?affected by cold aur denslty flows WhICh orlglnated upslope from them Both
pairs of sltes Foldlng llA/Foldlng 1IB and Perdrlx Il/Perdr:x had slgmfucantly'

£

dufferent mmuma usm(g correspondmg ‘cases’ ‘at all four sfatlons (N-t17l The

"mean qally mﬂplmum at. Foldmg llA wnth ltS short upsloper fetch was 15:0 3°C;
hlghen than Foldmg IIB and Perdrnx i was 25+15°C hlgher' than Perdnx w, the,

avalanch snte T o

¥

B

o ,example the lowest temperature at Perdrlx g1l was



: the- temper:ture dlfferences in mean dally mlnlmurn temperatures between a
forested and non—forested site aj aII “sites " in the Drystone Valley Another
-cllmate lnfluencmg factor must _have. been lnvolved at Perdrlx ll/Perdnx lll (and_,_il
" Folding llA/Foldlng 1iB). Perhaps the channelhng of the katabatlc flow in. the"'

_ ‘avalanche chute magmfued the temperature dnscrepanc:es at, mght between

-.Perdrik Il and: Perdrlx l and the relatnvely Iong upslope fetch. at Foldmg g
- influenced nlght temperatures there compared to Foldlng IIA - More study is.“

needed . to clarlfy these observead dlfferences in mean mummum temperatures

ﬁ 4222 Climate?espect' lnterrelatié_,nships

) _ ‘ Aspect or ornentatlon( end angle of slope heve fundemental
"effects on redletson mcome and temperature flelds ll‘\ mountennous -areas (Berry
1981) ThlS is’ because the flux denstty of radnatlon on a slopmg surface ls
‘dlfferent from thet on a horlzontal surface. It is prlmerlly the dlrect beam‘
-component that - is modlfled but mmor dufferences occu( beceuse the flux of
' dlffuse sky radlatlon is - effected and shortwave redtetlen is. reflected= from ‘
adjecent portuons of the landscepe ll..ee 1978) The totel shertweve reduetnon: '
mcndent on a sloplng surface is specnfled by the sum of the dnrect, dtffuse '

' and reflected redcetnon components. mcldent origtmi: pertnculer slclpmg surface (Hey.' o

in. Flgure 26 for sntes et 50' ‘NOrth Ietatudel .
s .\How the redaet:on recewed on - the honzontal'\' R
ldentlcal for all three slope onentetaona The npht hend "’”' |
the redmlon recewed oé ver'acel efopes A west-fecung slope_‘ |

would be e ':mrror nmege of the w_f.cmg slope. Clo udmess however e o
5 reduces the dlfferences efnong the sites’ present.dmn thns f'wfe (Gmw 1965) |

SO ln thls sectlon "the - clnmete o&erved at locetnone wuth' ]

contrestmg espects is cempered The sttes Were selected so thet the effects, ‘

. I . AT
= . R .o . - o -




g
Fugure 26 Dl
. for all mqlmattons on the 22 Jun&at 50°N Iatntude (Sourco Geuqer 1965)
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' .-__:Foldlng lA and Perdnx I )lat’lve to Jasper Park East Gate, v were sngmfucant at;'_" .

were mnmmtzed There were three palrs of sutes that had: relatwely snmular'

;.,feach ‘pair can therefore be largely attrlbuted to aspect IR '-. L

4.?;\2.2-‘._1»-.'Fol,dln'g 1A v§ ;~ijrdr,ixj,‘j,~-- 1 ST

P T ~ ol b . IR
S ,:) : \ R . RN . - ,82 :
. .e.) B oo ‘ ' "\.‘ R )

of other chmate-}fluencmg factors elevatlon slope angle and vegetatlon cover,, o

character:stu:s except for aspect S The ' slope angles tree coverungs,y ‘and

°

elevatlons were approxlmately the same \at éach of Perdrnx l/Foldlng j‘_"lA

Perdrix. II/Foldmg IA, and Perdrlx llI/F’oldlng | leferences in  elimate _between -

L

Elevat\nons slope angles and tree crown covers end -

[

helghts at Foldmg IA and Perdrlx l were the rnost snmllar of \fhe three paurs of .. .

svtes mentloned above , They should be cons:dered the pl\red sltes mo%‘t

\ :

mducatxve of aspect ffects because of : thls The\ s[ope “ oyentatnon _at\
~

Foldnng s was southwest and at Perdrux 1it W$ northeast e
T‘: dlfferences in mean danly maxlma between '

.

-‘__‘g__-the 95% confidence levels (anure 16) A scattergram of the case values is

" -presented m Fagure 27 The southwest-faclng statlon """ Foldmg |A was warmer_

than the thheast-facmg staeon Perdrix l.:f The dlfferences, however -were -

: tL N . . . i L B B - -

=

much Iess than \those between sutes wnth the same._ aspects but contrastlng h

\\\ ' '~..'

crown covers (Flgure 13)

/ : The mean dauly mmlmum temperatures were ~nearly

: u:!entlcal between Foldmg*IA and Perdrlx (anures 17 and 28) They werezy.__', i

-both ln the thermal belt above the valley bottom -and ‘were 29:1 O°C hugherv‘:j-" P

.tharLJasper Park East Gate - EE R T T

N . \
. K3 )
."1!"- e

e Usmg all available " cases - there ‘were - 39 "days 3

corr-esp( dmg data between Foldlng IA and Perdnx l The -pattems in

.“."‘

caseé were sumllar to the 24 lsochronlc cases The average maxlmum . was L

hlg‘her at Foldmg IA than Perdrlx l by 12:l:0 4°C (Table ERIR but there was no

| /lgmflcant drfference in. thelr mean dally mlmma (0 1£0.3°C). The range m the

actual extreme temperatures was 28°C greater at Foldmg A than at Perdrux L

e




| Fqgure 27 Scattargram of danly maxtmum temperaturos (relatwe to Jasper Pa'rl;:-;éa"'s%t‘ Gate) at ‘” :
: Foldanq lAand Perdrlxl (°C N 24) Ll P S

R N o

‘
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°

- xi=9‘;3 Co S ’
AN LA ~

" Perdrix I‘Tomperét_ufé (°C) e . o -
’

L em sinqh occumm .
q: ' B} numbon = multipk oecumnu g

: o Fouﬁng lA Tomperature (oc‘) s .
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~

Flgure 28‘“ &:anergram of daily rmmmum temporatures (relatnve to Jaspcr Park East Gate) at
Foldmg 1A and Perdnx I (°C N 24) S o ,

v

<

[ |
l"ord‘rlx"l__,'l'e‘mberatura‘ {°C)
. ' -
¢
* [N
'S

P ) . .‘ ‘ o . ."‘m.. mm. . ’ - _b N
. Lo St e numbon'mulmhmm"“ ) L
T -10 '5 AR TR SN

Folding 1A Tempersture (°C) - -




Y s

G N=3S

<

[ ', .' ‘~‘~"‘»-"southwest-facmg Foldmg

wmw e ee s amese
| e ‘-**ei st smore
| Maxima e Porarix | 40 L B 133 99:07»(:
N M / | F°'°""9 A JER 39 " .»'1'2.4"- . Lsroec
l’f”. -

142222 Folc?i/ng.llAf.fvs‘vPe‘rdri}(‘--llv N . ', - g ’ '

‘/» ‘Foldin'g

IIA and Perdrnx ‘ll . ware forested sites - or‘i‘
vopposute SIdBS of the valley
: ,Perdrlx i they were "'11'1 m There was a slgnlflcant dlfference m the mean

dacly maxlmum temperatures between the upper statnons

- stations, the northeast-facmg Perdrlx Il was warmer than the southwest-facung -',“‘_;

IIA (Fugure 29) Vegetat:on dffferences between Foldnng llA/Pérdrnx

- 'Foldmg
. the. mid-slope statuon on Foldmg and
' '.warmer sntes
Thus the.'

'.'effects of a tall dense tree cover were lnfluentual m emehoratnng the daytnme )

tree helghts of 12 m was 15!:0 9" htgher than Perdrlx ll (N-17)

,'temperatures _near the ground even on a southwest-faclng slope ~ .

R

Mean dally mnnlmum temperature d:fferences betweenf"', R

Foldnng llA and - Perdnx .ll" (Flgure 30) followed the

v _observed between the other sites that had contrastmg aspects a8’ thelr major' i

site dlSSlmllafltleS Even though the vegetatton cover‘ ’ban affect danly maxlmum

‘temperatures it did - not- -exert. an observable effect on rmmmum temperatures at

s:tes wsth contrastnng aspects (anure 17) Usmg all avallabl_e__ ;case__s_

these ‘same - patterns were observed (T able 12) s L

P . : . hd . .

The trees at Foldmg "IIA were 20 m hngh and -at

._.__:-,"_.,Descrlptsve statistics - of _. dlfferences, relstive o Jasper Bk Eastf:.,-.l e
Gate, at two. forestad. sutes. ‘the' northeast-facmg Perdrux 0, and the__; B

Unl1<e the mud-slope;"‘-' :

°relatlve to those dlfferences between Foldmg IA/Perdrlx l appear to account for}) T
e upper statlon ‘on’ Perdrlx bemg tt'ue,_t_",, S

.The - Justlflcatlon for thls is “that Foldnng NB whsch had average-' o

same trend as those'

i=da),.




For the 24 nsochromc cases there was no.. sngmfucant dtfference m thenr mean..' L

:. 'daﬂy maxrmum temperatures (Frgures 16 .and 317

‘.been a larger dlfference in- maxtmum\temperatures

.-‘...

104

Perdrlx ilj‘i’e';nipereture:("(;) - i

 * = gingle ccutrance

LR 15 T
: Foldil'lg llA Temporaturg (OC) ‘ IE /

42223 Folding | y‘s_recrprix m -

Foldmg and Perdnx ?fvere

Jm bmperetures (reletnve to Jejape_r';i?a;fé;,tﬁé5‘,-,,‘ ot |-

: ;\":' ‘  _ nunmamumphoecurrer\ee L o

the only palr of'.

' '.non-forested statnons that had all sate charactenstncs slmular except for aspect

i-famount qf ,raduatnon receuved on a southwest—facmg slope compared fo a RN

northeast-facnng slope (Flgure 26) 1t mlght be expected that there would have: "

thns ln the rriormngs durmg that tume of yeer the ravs ffom thB’SU" St”k‘
Lo --f.jl_tia"” avalanche track before they. do the souﬂwwest-faclng 3|°P° on F°'d'"9 'R'd9°

: ”‘Daytnme heatmg, whuch reVerses the #ownward daurnalf_cycle m temperature :
"."f'begms sooner un the day at Perdnx i than Foldung Il * Also, dunng thls peraod ;o

‘whtch encompassed a record breaklng warm spell m west-central Alberta (AES

Because of the relatuvely hlgh_ .

Several factors account forﬂ"_"j-




AEEI | Foldmg uA and P.ardrcx " (°c N= 24)
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c Fuguro 30 Scanorgram ot dauly mimmum temperatures (relanve tb Jasper Park East Gate) at |
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| Folding lIA Temperature (o) . - -

f"‘;' —~ Tabtt“r?:——“ Dmriptlve“suﬂmcrﬁ diff“eroncesi"f"FTiﬁve to _
P . Gate, at two forested - sites, -

Varisble =~ ' Station. Loast 3 ~ Greatest . -
-% a0 o

K Min'm'J . Perdrix I |

L Folqu IIA o

"""1;11"3.0_' P

- -Maxima.’ ‘._Perdnx u 33 |
a7,

L

7 ome.
o "_‘f‘-ii‘_,}-zs:toa-c PRI
4_:199:os-c
C ',11..1:4.5,-_(;-,_; L

asper Park East:«,«_.
: northesst-facing nrdrnx Il .and . o
B the souﬁtweSt-*facmgﬁFolde 1IA 1'0 N:%T_y_m~_if ST




' : anure 31 Scattargraﬁm of dally meximdm ternperaturfs lrelatw

;_-'_-Foldmg Il would have. been rebelvung a maxlmum amount of raduatlorx '

x 1979d)

' :usually occurred

Foldlng L and Perﬁnx lIl (°C N 24)

-
L VR

.

- Pordrix W Toperstref®c)
|
iv-—r—l]\

: l e RN .
R e v TR o .
TAL m‘m'"'moecumnce TR
: AT Foldmg ll Tempgrmm-g (OC) S -
. b G - - IR R

‘\-.

there were 10 days wuth ‘rain’, (AES 1979h iy from convectlve storms

iancl many others when fa|r~weather clouds developed The clouds and storms .

m the Iate—afterncons, whnch was the tlme of day ‘that -

-that the shadlng from the afternoon cloud retarded the upward cycles in the v‘

B Perdrux I,

dally maxlmum temperatures ‘at Foldlng

Daytlme maxlma were recorded earller at Perdnx' lll durmg these-'

,'days because the balance between moomnng and outgoﬂ'lg radlatnon would be '

attamed earlner on a northeast-facmg slope than cn a southwast-facmg slope"

: fact a slgnlflcant dlfference in t.henr mean dally maxnmum temperatures
o '..}“u averaged 44:0 8:c hlgher than Perdrlx it «N-ee) (Table 13) B

(Roaenburg o1 974)

over the 'se of the summer there was ':in

However

It seems. R

‘but rot. to the same extent at o

Foldlngj
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_.—Table 13 '»_ Descr:ptwe atatnstacs of differences r"elatwe.. to - Jasper Park East o

s o Gate, at two non-forested. sites, the. . ‘northeast- fac P
[ ='-‘_,.z-.,_and the southwest—facmg Foldnng ,ll (°C N:gg) mg ’rdﬂx ;.

oY

Fﬂdma W B8 4gl . iosgae -

Maxtma" R Perdnx n 13 179 o 35,06.@

C " S Foldlng Il _ \ -06 , 104 A;" "4:‘-1=b,50c;

TR . A o - . L .-

" o Mqan danly mnmmum temperatures were s:gnnfucantly
dlfferent be\tween, these two sutes durlng tge perlod that the 24 nsochronlc
cases were measured lFlgures 17 and 32) ' The geometry of the avalanche
track " as dusgussed prevnously appears to have accentuated the temperature
dlfferences between Foldsng Il and Perdrlx lII Over thd course of the summer

there was relatuvely small d:fference in” thelr mean mumma (. 6:0 4°C)

'_ compared to the larger d:fference in’ thenr mean maxnma Thus the effects of

a nughttlme negatnve radlatnon flux were- not as lntense as the effects of 8

daytnme posmve flux at. these two non-forested SI‘lOS -

-

-
-

-

4223 :DClimate"-"ele‘vati‘on'"Interrelatiohshlps. T /,l

) ‘ Elevatlon is of prtmary lmportance in the study of cllmate
in mountalnous reglons (Barry 1981) The variation® of temperature wuth hesght
above a mountam valley floor is lmportant in the vertncal exchange of heat
molsture and momehtum (Lester 1974) The effects of elevatlon‘ on
atmospherlc vanables must be understood to develop models that can be used .

to extrapolate data tO\Spelelc operatnonal srtes (McCutchan et 3/, 1981) :

‘A companson of mean dally mlmma and maxnma July

temperatures and “elevatnon in. Jasper Natnonal Park 1s presented in. Fugure 33

N




anure 32 Scettergram of dellv mlmmum temperatures (relettve to- Jesper Perk Eest Gete) et =
f,f-' 'L. FoIding It and Pefﬂurx "l (°C' N 24) »7

Perdrix llﬂoc) -
n

¥
*
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The curves were synthesnzed from measurements taken ‘at.’ Marmot Creek Besm' _‘

in southwestern Alberta and mean free afr temperatures from radnosonde filghts;v

v Ty

above Edmonton Alberta and Vernon and Pnnce George Brltlsh Columbla (Janz.;_
ﬂf‘d Storr - 1977). in general hugher elevatvons are assoctated wuth mcreases ln‘_,"- :

precupltatnon and wund tower temperatures and a deoreasmg rangg m dlurnal L S

) temperatures (Janz and Storr 1977) T o S
S'torr (1970) found that surface air. temperetures"iat Marmot

Creek Basm were shghtly hngher than temperatures m the free atmosphere at




o the same helght By companson wuth the ‘surroundmg;' a .osphore the anr over.'.
' -'-“a mountaln slopo |s affacted by radmlvo and turbulon :

A

- -'processas modnfy the tcmporatura structure over tho gr

""accordmg to the tlme of day (Barry 1198'1)

-Iapse rates on a mountam sio may g

anuro 33 Esumatcd tomporaturo ~alovanon rolanénsﬁi L T e
i P in Jasper National ini R
S ;(Sourca Janz and Storr 1977) L p e MP"k induly S
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‘ l ‘Perdr"rx l Fcldmg IA Foldmg llA and Drysone lll, and Jasper Park East Gate

station had relatlvely Sll‘ﬂll&l‘ veget_altnpn covers but contrastmg topographlc

'sett'ing's-' The - dlfferences m - air tempergure measurements f"r'. e. 24 -

lsochromc cases at these sltes relatlve 1o’ Jasper Park East Gate» (x.e. Ja‘spe’r‘

[4

‘.

Park East Gate 00°C) are presented |n Figure 34 Drystone ‘M, . the valley

- bottom statlon had a mean dally mmlmum temperature whnch was appronmately\

the same -as Jasper Park East Gates whlle the mud—slope statlons “were

s:gnlflcantly warmer than Jasper Park East Gate (Flgure 17) The hlgher—level

temperature fleld is that there Was a pronounced valley mverslon and thermal

. belt (Schroeder and Buck 1970) durlng' sthe 24 lsochronlc cases perlod_

“Nighttime mvers:ons are a. common occurrence durlng summer m the Rocky‘

"Mountalns of Alberta and Brmsh Columbla lMecHat'tre 1970 Powell 1970) In |

. the Marmot Creek Basm they were especlally well developed under condltlons

‘of llght wnnds and clear skies.. MacHattle (1970) reported that mverslcns were g

- ‘v.~.fstatlbns were about 1°C less than the mld—slope sltes The lmpllcatlons of thls

_,‘_.‘usl,@lly concentrated in the lowest 91 m (300° feet) of the atmosphere They,'

e

.'alr was approxnmately lsothermal for another 150 m (500 feet)

"Ridge ind"ncates that | a forest ccver tends to - amellorate dally minimum’

_temperatures lFlgure 17). Thls 1s because Foldmg IA/Foldlng llA (Flgure 35), the:“" .
.'forested sites, had snmllar temperatures but, Foldlng l/Foldmg | (Figure 36) had el

slgmflcantly dlfferent values B for - the '2;4 lsochromc ° .cases’ penbd

' Perdnx I/Perdrlx (Flgure 37) also had mtmmum temperatures ,’ Wthh were'

_ vrrtually the seme as the four Foldlng sltes Therefore for all the foresteda,' 2

sutes on- the valley slopes aspect was not lnfluentlal m determlning mght

- temperatures lFlgures 14 and 17) The same results were not cbserved

e ','however for the non—forested Perdnx lL Because aspect elevatlon -a'nd

f,:at the other statlons the concluslon can be made that another factor ‘was

iy mvolved at Perdrlx n, As duscussed prevnously, the topographvc settmg of the

- oy

The combmatnon of elevatlon and vegetatnon on Foldmg }

:'.‘.had an average temperature mcrease of 50°C wnthln this. layer Above thus the.'

L vegetation- cover | dld not exert a pronounced effect on the ‘mean dally minima:

TR
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anu:a 35 Scattergram of d’aaly mimmum temperature _
' Foldmg llA and Foldlhq,lA_‘PC N = 24) ks

- Folding IA Temperature

F»guro 36 Scattergram of dmly mnmmum temperatuus (tolatwo to Jupor Park ‘East Gate) at‘ =
' Foldmg W and Foldmgl (°C' N 14) AR ‘ T

. Folding | Temperatuis (°C)"
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" involv__ed_ ln produclng cooler daytlme temperatures along the ‘ valley bottom
:D'rystone lll wasd wrthln 10 m of Drystone Creek " lts waters remamed cool
throughout the summer months and would ‘have acted as a heat slnk durmg the
"»E{day because of conductlon and Iatent beat - exchanges Addmonally, the perlod

v}of daytume heatung ls longe' at Jasper Park East Gate than at the- Drystone slte

'_".because Foldmg Rndge cast 3

.'m°m'"9$ The lePes of ﬁo he a Perdrlx ydo' the. same in :the evemng

v'the summer Jasper Park Ea Gate l$ not affected by these shadows

} .#l

RS RE lo' v \\

| . _ The mean dauly- maxn'na/ were hlgher at Jasper Park East o
R Gate than at the Perdnx statlons (Frgdre e Durlng the afternoons using a_lll

"7ava|lable cases ‘the - two forested sltes Perdrix | and Perdnx ‘ll,‘. ‘were -

L

: approx:mately 10 StO 5°C less ~than Jasper Park East G3e

Unllke' fore'sted  sites Foldlng ll/Foldmg llA “the

dn‘ferences in dally maxlma between Perdnx I and Perdn‘ ll were not. sngmﬂcant

‘, (Flgure -16);-'_ A plot of their maxnma rela\tnve to Jaspe_r Pa_rk East Gate

Figure 38) is - more’ sum:lar to that of the maXl}na at the 'two‘forested s‘ites_" on

Foldmg Flldge (Flgure 39}, then th» "is toy '»the non—forested Fold;ng sites ™

- Ry gure: 40) The helght of the trees were greater at Perdnx 'l.. than at.
:Perdnx II and thls dlfference may have unfluenced the maxlmum ternperatures ‘to
a the ‘extent that the expected coollng as pr'edlcted by a standard env»ronmental

lapse rate, was not observed

g The mean dally maxnmum _ temperatures were ‘milder at

Jasper Park East Gate than at most of the Fotdlng statlons lFlgure 16).

” j‘.' Foldmg o was the lone except:on s lt had approxlmately the same mean daoly

f'\f"-‘;maxlmum liO 4°C) ‘as Jasper Park East Gate The vegetatlon cover aspect and

E " slope orientation were slmllar at. Foldmg P and Foldmg fl yet over the course
: of the summer oldmg ll averaged 40:0 5°C less than Jasper Park East Gate
';J(N-122l and .4-' tO 5°C less than Foldmg l (N-l‘l?) relatlvely large

‘ <-'Ix-"‘;f'dlscrepancy

i "mght l’nverslons ‘and - slte specxflc charactenstlcs Foldmg P was above thﬂ

b

B .

During

,::tween these statlons may ‘be due 'to the effects of the preoedmg o

1

.

a. shadow “over Drystone Creek in: the early

e b AR i ik




Flgure 38 Scattargram of, ' mly maxlmum tompetatures (relatwe to JGSpQ""r‘_ F'ark_ East "'G.at'e): at.
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anuro 39 Scattergram of dally maxlmum tamperat ( relatlve to Jaspor Park East Gate) at
. “e Foldmg IIA and Foldmg 1A (°C N= 24) ‘ |
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Frgure 40 Scattergram of darly maxrmum temperatures (relatwe to Jasper *Pa'rk-anst'Gat'e)v-at Tl
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,kwarmest Iayer of the thermal belt and SO, dew would have been more commen:'.
there then " at Foldmg 1 lt would :equure a greater proportion of Foldmg I's
radlant energy to be. translated into Iatent “‘heat - mstead of mtc senslble heat.‘

':"‘Secondly wmds are generaﬂy stronger wuth mcreasmg elévatlon The efffct of

oy "

i this is that heat would be redrstrlbuted better from the surface at’ Foldmg i

w_huch-, .would result n. a'i_r. temperatures that are not as high as those in
~s‘h§teree sites, such as Foldrng I (Lee 1978) ' Thus Foldang I's snte ‘was ac:trng

as rnore:‘ of a "chimney than was Foldlng iI's snte (Frgure 23)

‘ o Jasper Park East Gate was mllder than the remanmng Foldmg
srtes i Foleing IA had srmnlar srte characternstlcs to Foldmg LS but |t was
” 213 m lower in elevatnon Max:murn temperatures usung all avanbable cases at
.Foldmg IA and Fcldmg IIA averaged 86&06“(]: (N-42) and 112+06°C (N-47) less

v than Jasper Park East Gate respectwely




| CHAPTER & CONCLUSIONS - = . /

Mounﬁams mfluence the ‘general - clrculatlon of the atmosphere the

’

formatlon and the evolutnon of frontal syst&ms and pressure patterns and mo 3t

dramatlcally the weather ln thenr vucmlty (Sc:entlflc and Technologncal Actlvmes -
Commssuon _ 1982) : The lmportance of’ mountalns effects on weather related
phenomena has been acknowledged by several organnzatlons whose mandates are
“to . further the ‘study of meteorology and cllmatology 'For example the.
Amerlcan Meteorologlcal Soclety, recently establlshad a sclentlflc and technologlcal .
commuttee to coordlnate and advance Our : understandung of- atmospherlc
v ~phenomena in orographlc reglons - One - of thls commlttees maln thrusts W|ll be

~the study of rmcrocllmate in mountalnous topography : ”

‘ The Chmate of a mountalnous valley is dlverse lBarry 1981 Janz and
Storr 1977) lts cllmate is controlled pnmarlly by the valleys dlmensrons . and
orlentatlon the nse of terram enclrclnng it, and the slope and aspect of the
valley wall\s - (Lester 1974) Cllmate on a smaller scale is controlled by the '

morphology of the vegetatlon cover local topographlc : features, water. bodiesr. "

and soil varlatlons . . S

___h The present study ’ exam'ines 'the. .Vari’Ability of small--scale" climate in a

o mountalnous valley .in " west-central Alberta Temperature data were collected in‘
the Drystone Valley betvyeen 1 June and 30 September 1979 The. resuits of '

. the data analysls mdncate that dally air temperatures near tl‘e ground were .
varlable from one slte to another durlng an lsochromc pernocl Several cllmate

" lnfluencmg factors appeared to have. controlled these observed dsfferen(ces and
the relative . |mpertance of sach dnd not remam constant throughout the dlurnal

A

period. . : : ' -

. The most . significant' enVimnmental factor ontrollmg daily rnaxumum
temperatures wuthln the Drystone Valley was vegetatlon cover speclflcally, the
, 'denslty and dimensions of the tree cover Vegetatlon can mask the temperature

fleld that mlght otherwnse be expected due to changes ln aspeét and elevatnon
' . SR -2

98 .
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\

'yyithin the Valle'y The, lnfluence that aspect exerted on\.the observed maxlmum» '

: temperatures was the next most |mportant cllmatlc coné’ol A non—forested

’southwest-faclng site, compared to a n\arby forested northeast-facmg slte

‘showed .drfferences'j in dally' maxlmum-

_reproduced on 'flat terrain ~given., other factors belng equa,“ if ‘there were -

_orders of magmtyde mcreases in the dlstance separatmg them

2

.The variations of minimUm temperatures among the Drystone Valley

statlons were much Iess than those of the maxima and there was a relatwely:
intense thermal “belt - at the mid- slope - sites. Vegetatlon cover and gs‘aspect did

~.not exhlbut strong unfluences on mght temperatures@compared ‘to 'the?i .oontrols

they had on daytime highs. - Elevatlon was |mportant in’ terms ‘of - W\trelatlve
height of the mghttume ‘thermal belt. The factor that lnfluenced ﬂ"lJ hlmum.
temperatures the most was “the. speclfuc topographnc characterlstlcs of each"

station sute The channehng of cool air dralnage flows at night m the avglanche.;“‘ .

track and along the valley floor resulted m sngnlflcantly Iower temperatures "..at’f.i“'“

these looatlons‘ o - R . il

_ Some of the shrub specles recorded in the Drystone Valley were.
Vcharactensttc of relatlvely dry habitats whule other specles ‘were more’ typlcal of-

. relatlvely molst sies. . The areal dlstrlbutlon of both maximum and mummum alr

temperatures reflected the autecologlcal requnrements for many of the shrub '

species. -

L

5.1 Recornmendations

e

Knowledge of small-scale atmospherlc features are lmportant m the‘

complete understandlng of the climate of mountamous velleys The nmpendnng- '
development of mountams resources -and recreatuonal potentials may~ be

‘accompanied by Iocal cllmate mp dlflcatlon lLester 1974) Lack of an adequate-'. -

'clumate data base will make it dnfﬂcult to’ 'predlct the effects of - such

developments in terms of climate modificati— :

‘2.~ -. ‘ -
emperatures M could only  be -

-89
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Cllmatuc data bases from Albertas mountamous reglons are relatlvely

dlfflCUlt to acqulre comparﬁg to “the provmcess more densely populated areas. -

This is- because of the cllmate complexlty of mountams thelr areal extent, and

the hlgh cost of data aqunsntlon The |mpl|cat|ons of thls ‘are’ that mountam |

networks should ‘be designed- to contnbute to the testlng or development of '

‘ chmatlc prmclples and mterrelatlonshlps (Janz and Storr 1977)

There are few long-term climate-, station_s in the mountainous regions of
Alberta Those that have existed for’ l'el'ativebl long peruods .are especnally

useful and necessary for asseSsmg the present and hlstorlc cllmates of thls

region. |t l$ lmportant therefors, that the‘ sntmg criteria for these key statlons ,

‘be rlgldly ‘monitored and controlled ThlS is because changes in vegetatlon

cover surroundlng 2 cllmate statlon can cause a change ln the site's’ cllmate
T8

For\ example, “modern day forest management practices have ehmnnated most of

the forest fires whlch now allows the - vegetataon cover to sl0wly change'

Vegetation cover was |dem|fled 4$ a sugmflcant “factor. in controlllng thev

ground—level chmdte and the progressnon of a sltes vegetatlon to- a cllmax
forest - assocuatlon Wlll result in a correspondlng cnange in  the - cllmate being)\,
~ measured by the sensor in the Stevenson screen. Care- must ‘be taken that this
change in c;lnmate will not necessarlly be .interpreted" as ‘a large—scale _climate

shift. _ B e s '

. S . )
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correct:on fectors for the values extracted from the thermograph cherta

_faotors take the form of hnear regresslons

-‘Creek Valley network statlons Perdrix 1, are. presented in Table A-1

‘Standardization of Air :“Temperete‘r.e‘:, Measgrements3 3

e

Instantaneous temperature data and . tsochronlc extremes recorded by

hqund—ln—glass thermometers and bl—rnetalhc thermographs were used to. denve;

These-

data _from the thermometers the mdependent verlables are the corresponchng

values from the thermographs .

Dernved

statlstncs from these data and those from the other network stetlons are I|sted

in Table A-
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Flgure B 3 Scanergrams of dauly temperatures (°C) at Drystode I and Drystone l M end :
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| Frgure 8-4' Scattergrams of delly temperatures (°C) at Foldmg 16 and Foldmg ll M and - .
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Flgure C 1 §cettergrams of dally temperatures (relative to Jasper Park East Gate) at
Foldmg l and Foldmg 1A (°C) ‘
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Flgure C 3 Scattergram of dglly.,tg.mpemturgs (rel.ative-toJasper Park East Gata) at Foldmg I
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, g Fugure Cc-3: (cont 'd) Scattergram of dally temperatures (relauve to Ja
) Foldmg Il and Foldmg IIB (°C).

" (b) M_itﬁmum temperature (N = _82) -

- - -.*, : N I I SR o
el S ae e
, .
| '
2
R
" LS T
. -
«Q
-

[ g.
.. LA . eow .-.--,Eo.: e
fe el w8 S "2" pdq p

Q-
4
- o .
-
v % -5 4
T A
’ sy .
w
-
R L
" . . PRSI
.
.
i B e
R
.
AN
.
’
.
-
.

Spar Park East Gate) at

N

S

126

[ S

e dre



O
v«
.
.

c
= ,
S p B s
- S, e e “'.E":' T n.e
R PR TR o I S IR YOO e e
N X 3 . . . L B o “ 1 -
) . il
- 5 5 N " R/
10 18 ., I'é
. .
STRTEI - S ) * *Folding 1A Témperature (°C) < e, e
. ‘;‘ - " j. ’ )
| s . s - "
12 N . > L U . e B
ST LD AL e e K
(b) Mummum temperatura (N 19) L
o S . . .
- P . S -a.’v..,,,.v-q'r. . P : “
w e T e . ~o j‘."“l"’"" . # v .-
L PN . .- . q w e w ‘@ o e M -L—‘ . o
. ) ! ‘ . A W omwt g )
% 2 5- ' e A » . ’ ! ] ::‘ '
— e . ¢ . ) . ' '» R " i .
" . > -
e B R Loy
| . G
- LR . - g
g R W g > g e ‘:_«ﬂm {“"" "e Y ‘:“ g i .
: o J2 T oo
8
@
L SR R Qb - %v“g %7 g M
- o -
" T - ‘
3
B - - i
W
. . . . » b
C L
=10
.
N .
el e
B § o -
'+ . o i. .
. t ‘.4/ :'I.
. 1

(a) Maxlmum temperature (N

v - et - o
R s -.g’\'; A -
. e .
.}
N
.: o
N ‘,'s-'. N ; ’ s
. o .
gx R BT
‘Q o e
2 104, .
‘ 9 d o

19)

'

15 1




ix it Temppfefagufa {°C) :

. .
Y IS - A v -
T e e
[N
©
-
4
ar ’ -
’ " I e
e Rt o ke .
e * » [ .
- B Al % -
—_— .
: PV

S e

R
= e . g -
o B . R *
.
EE
»
o ‘ .
:
bl Ve
- - o
' .
N . sl
-
. >
s .
13 -
.
. .
. 1
R .

N
Perdnx M Temberature (°C)

10 -

&

T

Park East Gate).at Perdﬂx _ll

.

’”




.
U ; .
- ‘o—l - . C. -
Q.‘ o * ® o .
5 * L1 L ‘ .
. . C L e - B
[ s . FARNe . v 3 R :
) 2 h T rd S s [ R
3 . . E - h - .
g_ v 2 . _.23 ) R
- - SN [ s - .o";'_ N * & ; N - -
T el - ' '“-»-;;’ . L. e “ . ‘ o H
= . . _ . . ;
i ol ' T e L L. - 7 - L > “
.5 2 . - . . © o - o
. o e . . 1
. [ue ’ o RS Tt o LR . N ,
2 -s5d/ . ¥ : :
. Qe . . .
.. b . . ‘( )
PN e aa - L P . N . Lo . . . R
g eI
. e . - - S Lt e .
. . ) - : N L R . L i i
’ . LY [ & w . “- o LR A M ’
* - - - - B3 - - - b -
. 2 , - .
- i -~ P el l o ] )
. Lo N Lo,
g . Y — — ——r .
-5 e 0 5 :
“ . . e .
y ", Perdrix Il Temperature (°C) N '
. e o . L e PR -
. i . .
5 - 3
a : .
o
s
5 N . bt
. .
. .
-t B
P K St [l M .
. N .
. .
)
. B o, .
- ¢ ' c : T
. X R x y ~
. . :
. : N : ,
5 : - :
) . . ‘ . .
. v = .
. B
. .
.. . . . =




. P e e s g o i s S i,
.... H , _ L ] ¥ ,
) . o : IR .“ ,
.”.4 : n * h - - .
' ) . . s 4 . B
8injesedwe] | Buipjoy. F S ‘
B §= o 0= E oL g
A - ~— 0b= ¢ e : * ! 4
,. ) L . . . ) e ) .
" . 'y . . B . N .o,. : _ b
; : . - > ! .
- - . . .m4 ] . i > K
g . . o 1
T ek . B \.«Me ) . , ! : . 73
R RS R R | g
. X B ‘TE# ' Y -, i S R : ”

. ] g ) i . N g l,mf r. ', a ;.. DUI X
- B » ) e f A , . d -
I T . m - . - * * . X .
. ; . s . N - . o ® .-
A , mN, : Sl Le=x, 5 . CE

" & R'?- = . o c . o ~ g
A B | : | £
) = R sxn . 66 = .W ‘-
: . : C . 66=X o
4 Lo ! . : Alﬁllﬂ.ln.'.v 4 . J.O.w. Q.
.N.u"k , ) PR LB 3 — R B E BRI
. . . ‘ * . *' . » v A ..
i B 5 * - % - . .
B _ . . ) g » z . & e .“ . N
: , ! ! Gt A . . A4 - ‘ .
oo , B ’ LA .
v o , - | z .
: ..,, ) _ ' . : C )
' ! . ) B FEEY ,. N .
1 (8€ = N) sanseiedwier wnuwiuip.(g) .. : © . (ov = N) esmesedwe; wnwixew (8)
... oo . .. 3 - ) ’ N _ . . - Do - .o

.
s

N n:.

c.

,

{30) | xip1ed pue v Buipjo4 1e (e1eD 1se3 N8y Jedser 0} eAneje.) sesmeiedwe; Ajiep jo sweibieness :g-) einbid

B . . -




. ) : -~ ~-and Perdrix Nl (°C) ; R R T L RS
.- (a) Maxrmum te?nperature (N 100) Gt L
e e R T -
Do ‘ T PR | :
x LTI e o a2 ’ -
r'; . A ToLE ,5—‘ Tt . . . 5 T ST -
- ! AR A L .- - e ~
- L T N ol . RS
t T
“ e e e ey e B . e U ~~.
A . R B R
R ’ S £k W \\ . -
. "4 ) A Lo Lt \.* . .
5 o \23 g :’ e,
. 104 - : » 2
_ B T .
o . R F IR I A TR v
( 32 . - -0 . * * = .
o * Pl ' * *
; ¢ =
. . 'g. : X =8.5 e
£ L > 2w ww
\ @ - o & . & =
4 b= hd S ks 2 2 -
‘5 . L n ' - -
- & ' - "q - . xw
’ % . ‘5 H - & & w ",, -
& - * X=41 *
Q - .
i - p: U L] -
Yoi v " * ®
1 : * . -
. - .
o= -~ . _ L e A i
=5 L 2 0 4 5
: \/ . A
oo Folding i Temperature (°C) ,
. :f-? . .“.a,,,f '
’ >
.
- '.‘L -4 “‘ ", o ' .
4 5 R S ; -
= ks
7 . \
o
"o oy h—
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