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ABSTRACT -
ThiS-is a pilot study Which‘inVestfgates.the
| relatlonshlp between cloud dlstrlbutlon and certaln weather

D

- map types over Alberta and Brltlsh Columbla during 19?5
Using surface map typps developed by Koc1uba,ia35001ated
‘cloud patterns, 1nterpreted from satelllte 1magery are |
documented and dlscussed Also developed by Koc1uba was
a s1mllar map catalogue of 500 mb 01rculat10n patterns.‘f
_The 500 mb maps assoc1ated w1th each of the surface types
examined in the study are employed in an attempt to ex—-"
plaih the dlstrlbutlon of mlddleJand hlgh level cloud not
'accountable for- by the surface map types alone.

Finally, the;study is dlscussed 1n.terms of'i'
operatlonal ang design problems which were7encgyntered
_and suggestiong areltentatively‘made for:uSe‘in.future

synoptlc investigations of this nature. \
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‘CHAPTER 1 :

INTRODUCTION

-

Perhaps the most ekaborate déécripfioq of synoptic‘
climatology is that due to Barrett (1974), who made: the
following comments:

Synoptic climatology ". . . seeks to provide

-a fresh basis for regional climatology not.subject
to such abstract statistical approaches. Synoptic
climatology involves the study of general weather
characteristics through their relationships with
patterns of airflow or 'airflow-types' as they
have "become known' (Barry and Chorley 1968).

Such analyses depend more on categorization of
~pressure map patterns than upon analyses of the
more traditional climatic statistics. Thus new
problems of classification are encountered, but

it has been argued that such approaches are
worthwhile since synoptic climatological models
'allow climatological averages to be calculated
on-a realistic synoptic basis rather than for
arbitrary time periods' (Barry 1963)." '

A more concise definition is that made by Barry
and Perry (1973):

R The field of synoptic climatology is concerned
with obtaining insight into local or regional
climates by examining the relationship of weather

- elements, individually or collectively to atmos-

pheric-circulation processes.
In a practical sense these circulation processes

_are deduced from Surfacg and 500-mb synoptic charts which,

o
.



by virtue ' of. their small scale, 1nclude only the larger
meteorological features. Such features would 1nclude (1n
the fonm of isobar patterns, or contour patterns) the major
~ridges and troughs, cyclo;es and antlcyclones, along w1th
active fronts. The Ssmall features, and those ex1st1ng
only for short- periods, such as tornadoes, could clearly
'not be* 1ncluded With this in mind Stringer (19?2) ‘wrote
the follow1ng regarding the merit of the synoptic chart—
The synoptic picture of weather as implicit
"in the chart is, ther'efore, by no means complete.
NevertheleSS' studying a series of successive .
.charts does enable one to build up  a“valuable -
mental model of meteorological conditions. -,
. The synoptlc climatologist may, therefore, be
regarded as one whose d1sc1pllne lies between traditional
climatology, and synoptic meteorology '
) Qne approach to synoptic climatologiéal studies~
is that which‘Was'undertaken individually‘hy three workers
in the British Isles, namely Shaw (1962), Smithson (l969),
andAMatthewsu(l972).'\In essence, each‘of these workers
.’sought'to establish.a connection between precipitation
intensity and amount and certain synoptic types. Shaw,v
'for instance, examined percentages of total preCipitation 2
which were attributable to each of eight synoptic con-
ditions, (see Figure 1. l) and employed a nine-year data
) base. For edch observation, the synoptic type-wasgde-'
téermined from the surface weather.map:

Within any one airmass type, however, consider-

able variation may ex1st in terms of temperature and



. o ' o - Maritime Polar
 HOMOGENEOUS AIRMASS TYPES ' - Continental Polar
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Figure 1.1. The' eight synoptlc conditions employed by
. Shaw (1962) <
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humidity, and th? disfinction between-unl;ke airméss typés
is an arﬁ;tréry assignment. Fuftﬂermore.-airmass types
defive fﬁeir physical characteristics from underlying sur-
face conditions in their source regions.,. Hénce, airmass
modification attributablé to changing surface conditions;:.
with sussequent movement away from %he source region, 1is
a dis?inét“possibility. It is seen, “therefore, that the.
physiéal_characteristics of aﬂ airmass are. to‘a.large ex-
_tent dicteted by the trajectory, i.e., by‘thé thermal
propérties and the moisture of thenuﬁderlying surface over
which it may pass. The trajectofy (or circulation pattern)
of apuéirmass is in turn controlled at the surface by the
pressure pattern, and aloft by the-Height'contour-patterns
shown on'cqpstant pressure maps. o |
Kociuba (1974) summarized the above considera-
tions thus:. \
Sin ' atmospheric patterns are'continﬁods,:
the deliMitation between classes is somewhat
arbitrary "and therefore rather unsatisfactory.
Another problem arises with limiting the number
of map types. The decisions of any two meteor-.
ologists may well differ, so that a unique”
classification cannot be obtained.
It would appear therefore that a statistical
analysis of the preggdge field might servée as.a valuable

basis for developing a classification of synoptié types,

or conditions. Furthermore, such a mé&thod would exclude

the problems arising from arbitrary divisions between one

airmass type and another.



The classification of weather patterns ifto a :
.series,of groups or sx?oﬁ%ic conditions is referred to as
weather typing. |
" U51ng a classification system developed by Lund -
,441963), Koc1uba (1974) was able to determine 33 frequently
occurflng surface pressure petterns in northwestern North
America, using a twenty—six-yesr data base.

The primsry tool in this investigation was the
equation for determlnlng the llnear correlatlon coefficient,
as. developed and used by Lund. (1963)

n oy .
fl{xi - %} {yl - 3

| enemman |
<
=
1
: |
| S
S
nj=
&

where R is thevlinear correlationAcoefficient,
n 'is the number of grid points to be analyzed,
X; are the n valuesifor a given day, |
yi are‘the n valoes corresponding to another'day.
For each month during the period 1954-1971,
Kociuba determined correlstion coefficients of each map
with ‘all other maps in the series. USing equation (1) he
was only'ablefto processuone month's data at‘any/one time,
beceuse of restrictions imposed by computer core svail-

~ability.

Figure 1.2bshows the 'data window' used by -



Kociuba, ébntaining 23 grid points, i.e., with n = 23. .
Correlation coefficients whihh.éxceeded.0.7; 0.8 and 0.9

were -tabulated. It should be noted that Ry =1 indicates

‘a perfeét positivé borrelatibn between any two maps, and

Rx& = Qi indicates a perfect negative, or inverse cofrela—

. tion. For ekample, the. correlation coefficient of a low-=
pressure cell compared withAthat‘of a high—pressure cell

with an identiéal isdbaric pattern, but having a pressure
gradient’ trending in the opp@site direction,'wbﬁld give a” -
corrélatioﬁ-coefficient of -1. .

Tﬁe map which correlated with the greafest
number of other mapé with a correlétion coefficieﬁt‘of
0.8 o highér, was' selected as a map type, and along with
the maﬁs with which it correlated at thié or at a higher
valug; was excluded from'any_further'staées in the selection_"
process. |

&

Thus; for any moﬁth, the procesé was cintinued
until the number ol different typés for that month reached
the predetérmined maxiﬁum-of 30. . It shodld be pointed out
that any_mapiwhich did-not correlate with any.other map
'in the ﬁcnth wigh a correlation coefficient of at least
0.8, was not assigned to a type.

| "Following this procedure, all monthly types were
compared,;ahd a similar sorting process was undertaken. ‘
Having_cpmpleted the cataloguing for tH%?l954-1971 period,
Kociuba assigned all méps for the 1946-1954 pefiod to X
their respective typ;s, again using equation (1). |

(4



In this maﬁner the'cataloguing-of surface map
types was completed a similar procedure was carried out
w1th 500-mb maps for 1963 1971

Subsequent to the completion of his thes1s,

- Kociuba's map- typing program was put 1nto operational use
at the Alberta Weather Centre in Edmonton on a full-time
basis. For each of the four daily weather. observations
made at 0000, péOO, 1200 and 1800 UTC, the region within
the grid shownfin Figure l.l; was assigned a specific4map
type. .

,Having thus oeveloped a series of synoptic
patterns, the climatologist ﬁay, both spatially and teMpo—
rally, investiFate the relationship that'may exist betWeen
each of the types, and any number of meteorological vari-
ables. Such qariables might include temperature, humidity,
preCipitation/or the 1n01dence of cloud cover, for example.

In /the present study, an attempt has .been made
to determine any relationships that might exist between
‘cloud type. and distribution, and both the surface and 500-
mb map typesg as defined by Kociuba (1974), for Alberta and
British Col bia during l9?5



N o

Figure 1.2. Data window used by Kociuba (19747},



Sy | ~ CHAPTER 2

CLOUD COVER IN RELATION TO SYNOPTIC CONDITIONS

P

2.1 General ' i?
;,/ . It has been recognlzed by Fritz (l964),_and by

"fAnderson, Ferguson and Ollver (1966), that. certaln atmos—

.

pherlc 01rculat10ns appear to exhlblt typical cloud
3

- patterns. The object of this study 1s to investigate the

l'relatlonshlp between observed cloud patterns, determlned
from satelllte 1magery, and certain synoth.c types shown |
td exist over Alberta and Brltlsh Columbla durlng the year.
1975, | |
. U81ng K001uba s map types, the ten most frequent4

ly occurrlng types. for 1975 have been selected for examina-
‘tion in the present 1nstance. These cumulatlvely represent.
"44 h% of all map types in the study region for that year.
The uncorrelated maps were all 1ncorporated into the remaln—r
ing 65.6%. . | | o

. In: essence, the purpose of the present study 1s
"twofold' Flrstly, an attempt has been made to determlne'
whether any of the surface map types, or thelr ass6c1atedv'

>500—mb types, appear to exhlblt typlcal or- average cloud

v9



patterns or dlstrlbutions w1th1n the study area.v Segondly,
the" study mlght be regarded as a fea51b111ty or pllot
estudy into the usefulness of satelllte 1magery 1n synoptlc
cllmatologlcal work. - ' e
. Satelllte 1magery has in recent years become an
.'1nvaluable\t011 in synoptlc meteorology. Frequently the
foreoaster w1ll employ satelllte 1magery to examlne the
cloud dlstrlbutlon assoc1ated w1th}a partlcular faature
known to exist from map. analys1s.n Glearly the dsefulness
.of such employment of 1magery w1ll 1ncrease'1"data—sparse
reglons’such as the Arctlc, for example. In terms of
operatlonal use, therefore,'satelllte photographs are used
.prlmarlly to 1nvest1gate 1nd1v1dual synoptlc events To
the’ best of the author s knowledge, however, no study |
.employlng satelllte 1magery ‘has thus faﬁ*been undertaken
relevant to the synoptlo cllmatology of thls partlcular

-;reglon.

2.2 The Nature of the Satelllte Imagerv in the Present

Study U -

Satelllte imagery was made avallable for 1nter-
’-pretatlon by the. Instltute of Earth and Planetary Phys1cs
(herelnafter referred to as the I E P P ), 1n congunctlon
w1th the Meteorology D1v1s1on of the Department of Geography
‘at the University of Alberta. ‘['»' o - H;j'. N !

The rece1v1ng statlon operated by the I E. P P

10
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_normally recorded between two to six passes'per day for
B the year l975~x A pass may be conSLdered to be that portlon
of the satelllte s’ orbit wh1ch traverses an 1mag1nary ’
01rcle on. the Earth' s surface effectlvely descrlbed by
the radlus of receptlon of the ground based antenna system. :
dlwhlch lies at 1ts centre. Kt should be noted that, durlng
the summer months, the northern hemlsphere 1s 1llum1nated
for a greater duratlon ‘in any 24 hour perlod than durlng
the w1nter months.4 As a consequence, a greater number of
‘passes will produce useful visible 1magery durlng the
‘summer, hence, the reason for the I. E P. P hav1ng reoorded
as many as -8ix passes during the summer months, and as few :
as two per day . durlng the winter. |
The operatlonal satellltes used in 1975 by the
1. E.P. P.’ were NOAA 3. and NOAA 4, owned and operated by the
Natlonal Oceanlc and Aeronautics Admlnlstratlon of the .
~United States. Both satellltes are now -out of operat%onal
serv1ce, although they continue to orblt the Earth The
- orbits of both’ satellltes were similar in that each had ah
inclination to the: polar ax1s of approx1mately 10° ) andl
orbitalfperiods of about'llé'minutes.. Tﬁpical operational
altltudes of the NOAA satellltes were of the order of
1500 km ‘
| The sen51ng systems of “the NOAA 3 and b crafts’
were also very s1m11ar. Both had the capablllty.of prov1d- H
1ng vertical temperature proflles throughr?he'atmosphere,.

although VTPR data will. not concern us here. Furthermoré,
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both satellites Carried.two-SCanning radiometers, thus
. providing a parallel redundancy in.the event of failure of
one’ of ‘the systems, The approx1mate rate of rotatlon of
each radlometer was l 25 seconds, durlng whlch tlme a scan
was made from horlzon to horizon, perpendlcular to the
'satelllte trac; ‘1n both the v151ble and thermal 1nfra—red '
portions of the electro—magnetlc spectrum. Further in-
formation regarding technical_aspects of the NOAA satellites -
under consideration is given in Appendix D.

For each pass within the range of I‘E P.P.

‘receiving System, shown in Figur€ 2.1, both visible and

infra-red s1gnals are recelved in digital form Durlng
operation, each'scan line described by the radiometer
consists of both sets of data which'are transmitted from
the‘satellite*as'VHF radio-waves. Each scan line 1s re-
corded by the I.E. P P. laboratory on magnetic tape and
follow1ng the pass, a replay of the tape interfaced w1th
lboth a computer and a cathode-ray tube (CRT), enables the
dlgltal 1nformat10n to be dlsplayed as two?seoarate images
on 35mm fllm. ‘It should be noted that one replay of the ,
tape 1s required for‘the visible image and another for the
‘infra-red, for any given pass. . | U

| For eacnomap type‘dnder investigation, prints '

rof both the visible and infra-red images were made on
photographic baper; from the BSmm'film.: Care was.taken .

to select 1magery which corresponded as closely as pos31ble

to the tlme that the sydoptlc type was’ flrst determlned to
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Azimuthal egidistant projection

. Radial scale; inch=1,000 miles

. Figure 2.1. 'Map showing the effgctive radius of reception
' of I.E.P.P.'s satellite receiving station.
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‘have existed, A furfher discussion of the synchroniz tion
of these tlmes is given in Chapter 3. | |

| One final p01nt worthy of mentlon is that durlng
1975, a computer grlddlng program was developed by Reinelt
et al. (1975). Most imagery reoorded_at_ the laboratory
after July l975lwas,)therefore; more readily interpreted

as a result of the operational institution of this-program}

2.3' Interpretation of Cloud from Satellite Imagery

.

[

A.considerable amount of material has been pub--

' lished on cloud interpretation from, satellite pictGres.

One . of the first treatises on the subJect was that wrltten
by Anderson, Ferguson and Oliver (1966) Durlng the ensulng
seven years, however, the advances made in 1nterpretatlonal
techniques, and the -growing sophistidation of on-board
sensing systems justified the publication byiAnderson and
Veltischev (1973); of a second and'more comprehensive
technical note 5% cloud 1nterpretatlon from satelllte
1magery.
‘ More speciflc studles regardlng certain opera—
tional technlques have also been published in recent years,.
in association with the contlnual_lmprovement of‘resolution
on satellite imagery. For instance,‘Smith (1968) in—
‘vestlgated a method for determlnlng surface rldgellnes
-from satelllte plctures, based on observed cloud types

which, on the basis of observatlonal ev1dence, were found

K4
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to be 001nc1dent w1th the rldge on most occa51ons.¢ In a
later paper, Whltney, Tlmchalk and Gray (l966) dlscussed
the determlnatlon of jet stream pos1t10ns from satellite .
imagery. '

a Alzka (1960), although not spe01flcally concerned
/w1th remote sens1ng, prov1des cons1derable insight into
Ffthe structure of clouds at various levels in mountalnous
regions, Partlcularly useful in the _present 1nstance was
his ‘discussion of lee-wave and rotor clouds whlch typlcally
'form along the leeward edges of mountaln barrlers, such
" clouds. were frequently observed in the study area. in thé

present works



CHAPTER 3

METHODOLOGY AND TECHNIQUES'EMPLOYED IN THE STUDY

3.1 Selection of the Study Area

~

Initially; the choice of the study area posed
:some’problems. A broader Qiew of the.overall‘éynopfib
pattern might in many ways have been deéirabie; with the
possible incorporation of:Saskatchewan'and Maﬁi?oba. and
a.large poftioh of the Northwest Territories into the
study. Thé constraints imposed by‘Kgfiuba's data-window,
howéver, would not permit’ such a broaalgverviéwx and so

¢

the need for reducing the size of the area became evident.

‘Similarly, no one orbital pass could be rélied upon to
coQér a sufficiently wide path to include all the provinces
west of Ontario on a‘dayéto—day‘basis.'

ff'A meso-scale study also had.tévbe ruled out
bécausefbf the scale of the.imagery, coupled with thg‘
unsuitability of the- resolution of thé twé—channel scanning
radiometer systém‘dn_the satellites.

" Clearlyg thefefpre, the study'grea.was determined

almost'entirely'by the area'bounded by Kociuba's grid, the-

16
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The Study Area

Figure 3.1.
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.

o usefﬁl area scanned by thé satellite on any pass from-day-
' tp;day, and by the resolution of %he imaging systems on .
the satellite.A
Alberta and British Columbia were finaily decided.
~. to constitute the study area, although when it was con-
sidered relevant to tﬁé study, referénce was made to ﬁajor
areas of cioud in contiguous.areas., The Northwest Territor;
jies were necessarily excluded ffom the study, since, for
much of the year (excluding the summer months) insﬁfficient
‘light was available north of 60°N to produ?e useful imagery

L3

in the visible portion of the spectrum.

i ©

3.2 Some Further Initial Considerations

During preliminary investigation, it was decided

that an estimate of cloudvcover (in tenths) should be made
for'e;ch of the ph&siographic regions within the study

area. These regions comprise the Coastal Mountaiﬂ Rgngeg i
of British Columbia, the Britiéh Columbia Interior, the
Rocky'Mountains, ﬁhe Rocky Mountain Foothills, and lastly,
the Plains or Praifie'regioné to the east.

. HdweQer, such estimatibn of‘ploud cover was
excluded from the_sfudy, largely as a result of the fiﬁda
ings of Yoﬁng (1967). He conducted an,experimept_in which .
tgn qualified weather observers were\set the task of,"
estimating jhe'cloud COQeriin‘tenfhé on various satellite:
-ﬂphotbgraphsl and ftorn paper' tests ‘Aﬁalyzed results of

Y
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Young's work indicated that the esximatee of cloud cover
were 81gn1flcanf1y different within the group, and he con-
cluded that extreme care must be taken in making such’
estimates untll such time as automated process%?g technlques
are brought 1nto general use.

During the planning stages, consideration was
also given to, the prsibility‘of producing density-sliced
'facsimile copies of rhe_images,-employing the original °
digitized information directiy from magnetic tape, a
computer system, and a suitable output device such ae a
vline printer or scanner, During 1975, however, tapes of
digital information from satellite passes were only stored
for a threeemonth period, andithereafter‘were'erased ;nd‘
used again. It should be noted that de'nsity-‘s,licing is
in essenc¢e a process whereby a particular spectral band,
or tone, may be selectively removed from, or enhanced on
an image. This would have been of partiCuiar interest in
the identification of various-cloud layers, with particular
reference ro the infra-red photographs whereveach tone on
the 1mage corresponds to a unlque temperature range.

Reeves (1975) documented various techniques used in den51ty—
slicing. Less effectlve than the electronlc method of: '
densi%y—sllclng»outllned‘above, is the photographlc method.
In, thls method, the 1mage is lllumlnated with a varlety of
dlfferent coloured light, each of whlch w1ll enhance a ‘
»_partlcular tone on the photograph. Largely because of time

restric‘tionsq density-slicing was nothfeasible by either of.



- the above methods.. An unsliced pair .of photographs;
regarded as being most representative of each surface
synoptic type has been included in Appendix A.

i

3.3 Data Extraction

The data'were drawn from two primary sources.
InfofmationAdocnmentinglthe synoptic conditions e#isting
over the region for eech 12-holir period was supplied by -
the personnel at the Arctic Weather Centre of the Atmospherlc~-
Env1ronment Serv1ce in Edmonton. Infqrmatlon regarding
cloud types associated with these.synopticftypes was
received diréctly from the weather satellites NOAA 3 and
'4, and was made available‘thfough tne I;E;P.P.

- The optimum time of passage of the satellite over
the reception area was 1700 hours, coordinated_universal
time (UTC). At this time, the satellite's track passed’
almost directly overhead of the Edmonton receiving station.
Since Edmonton is located approx1mately at the geometrlc
centre of the study reglon, all of the study area appeared
on images scanned near 1700 UTC? Due to the peried of the -
safellite,.and also because of its sun-synchronqns orbit, A\f
it could not be relied upon to pass directlyveverhead'on
a‘day-toéday basis. The v1s1b1e image of any pass taken B
at 1700 or later, was at least, éven durlng the mid-winter,

- helpful to some extent in.interpfeting cloud patterns. How—

ever, on earlier orblts 1nsufflclent llght was available’
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. in winter to'nroduce any useful inagery in the vdsible
' .pdrtion‘of the spectrum. On most occasions,‘bherefore;
‘either an earlier or a latef pass than the ideal acouisitionuv
of signal at 1700, had to be taken. In extreme cases,fthis
led to the omission of a small portion of either the
-eastern or the western parts:of the  study region fromv

the imageéry. This.probiem was to some extent alleviafed;

- after the“gridding program was—institﬁted on an operation;'
‘al basis. The gridding program involved avcorrection for‘1
the curvature of the Earth's surface. Hence, the edges of
the scanllnes whlch constituted zones of high dlstortlon
were stretohed' perpendlcularly to the satellite's track
.on tne corrected imagery, and every such image essentiaily'
] portrayed a planimetric surface.

I ' f is clear, therefore, that because of the con—’
straints i posed by the tlmes of useful, 1magery belng
avallable, ‘an isolated occurrence of any partlcular synoptlo
condltlon at 2400 UTC could not be analyzed.

When a condltlon to be analyzed occurred between
1200 ‘and 2400 UTC on the following-day (assumlng that. con-
dition to have pers1sted throughout the 1ntervenlng perlod)
no problems arose, since the imagery tlme would fall
between fhese‘two‘periods.‘ In such situations, therefOre,b
the imagery was aSSumed‘to‘haVe accurately portrayed cloud
oondltlons c01n01dent with the synoptlc condltlon under |
scrutlny. At those tlmes. when a condltlon was found to

exist at 1200 UTC, but not at-2400 UTC on the following



day, 1t was assumed that condltlons between those times
' would not change very rapldly. Bearlng thls]assumptlon in;i
mlnd it was further assumed that the lmagery closest to
1700 UTC would stlll represent the\maln cloud features of
the synoptlc condltlon in questlon., All 1solated con-
dltlons_ex1st1ng.only at ZHQOVUTC were excluded from the’
study, but those”existing at'1200 UTcC were paired with thef
1magery scanned most closely to 1700 UTC for the same day :
For each of the ten synoptlc types under ~con-

m—

81deratlon, the tlmes of occurrence were- analyzed and,
bearing 'in mind the above restrlctlons, were palred with
the approprlate satelllte 1magery. For each occurrence of
each type, extensive notes were made reéardlng the nature-f
of the cloud’ cover, employlng both v1s1ble and 1nfra—red
images,. The notes included extents of maJor cloud areas,,
and types observed and also the apparent relatlonshlps
of these clouds to varlous phys1cal features of the under—
lying Earth' s surface. A sultable clear-plastlc grld “‘
overlay was used for locatlng variousg phy51cal and polit-
ical boundarles w1th1n the . study region prlor to the
1nterpretatlon of the grldded 1magery, later in 1975,

Durlng 1nstances in Whlch one. of the 1mage o -

°

fpalrs was unusable, 1ts counterpart alone was - used for the
N ~ N
analysls.- ‘The only exceptlon to this rule was made during
 the winter seas0n when,'for'one reason or another, the

1nfra—red 1mage was of too poor a quallty to analyze.-'K,

‘lDuring this perlod, the v131ble 1mage alone was not su1t—
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‘able by itself to effect a useful analysis.

\
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' CHAPTER 4 -
RESULTS OF THE SURFACE ANALYSES-

L1 ‘Geﬁeral'-

In order that the results mlght be readlly com-
'pared ‘each of the synoptlc condltlons w1ll be llsted i
‘separately in: g%é order 1n whlch the analyses were carrled'
_oth At the beglnnlng of each 1nd1v1dual condltlon,

K001uba s surface map type has also been dlsplayed

4.2 Synoptic Type 1

o . \ 5 . B
RN AN SRR >t
3 M ‘ r A}
T N . S a4 s \,_g,'__h——'-\
i . , ; bl ~ See

A —‘__.;_J_..—-.. J .-~\_ds—_..._a-'-_2~_1
Figﬁre‘Q.l.” Surfape”SynepﬁichYpe.l_u
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Durlng 1975, K001uba s surface type 1 occurredl
on 24 separate days, whlch represented approx1mately 5%

of. all types durlng that year.~ As may be seen from. the map
type (Flgure 4.2), this condition was prlmarlly found dur-

1ng the w1nter, 81nce ‘the- essential feature was a high-

“'pressure cell centered in the Northwest Terrltorles. The

effect of thls hlgh at the surface would produce an easterly
or northeasterly flow over much of Alberta, with the steep—

est pressure gradlent belng along ‘the eastern slopes of the h

1

, Rocky Mountalns.
A llght easterly flow prevalls over the lower
malnland of Brltlsh Columbla, 1nduced by a low-pressure

system centered Just off the coast at about 48 N

J F M A M J°J A 'S O ND

f Figurefh,ér Number of days experienc1ng synoptlc Type 1, ..
. ' 1975 - ~ »
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_ ' Analysls of the satellite imagery}reieﬁI@j}that'
the British'Columbia'coast was.generally_devoid of afy

major areas of cloud‘under'the influence of this weather
type. Convectlve elements such as scattered cumulus (Cu)
" and sometimes even towerlng cumulus (TCu), or cumulo-
nimbus (Cb) were frequently seen along the western slopes
of the Coastal Ranges,.and also in the reglons of Vancouver
Island and the ad301n1ng coastal waters. Over_the coastal °
'waters along the entire B.C. coast,'and extending ZGO*to
300'niles,offshore, an open-celled Cu pattern waslfreQuentf
ly»observed,IWhich presumably was’indicative of a fairly
strong contrast in temperature»between the warmfocean sur- -
face'and the relatlvely cool overlying airmass. It may be
vnoted'that any oonvective pattern such as this suggests
that the ground or ocean surface is marglnally warmer than
the overlylng air, but as thls temperature dlfferentlal
increases, an open_rather than a closed cellular pattern
will result (Anderson and Veltisdhev, 1973)

To the north of Vancouver Island‘,no s1gn1f1cant
areas of cloud of maJor vertlcal development other than Cu
or TCu were observed. To the south of the 1sland,-how—
ever,,frontal act1v1ty was apparent probably in assoc1a—
tlon w1th the . prev1ously mentioned low, where con51derable
mlddle.and.hlgh level cloud was noted. .Assoc1ated.w1th
the onshore wind in Northern.Washington, there was;consider- )
able;convective activity on a number‘of'occasions as

evidenced by_conslderable Cu,'stratocumulusf(SC),.and TCu.
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It is‘noteworthy that in the absence'of higher
cloud along the coastal waters, the open—celled cumulus
pattern frequently assumed a vortlcal conflguratlon whlch
was normally centered sllghtly to tge west of the Washlngton
coast at latitude 48 N. L . .JA

. For the most part, the British Columbia.interior
" was cloud—free, apart from the occa51onal times when the
Cu elements were apparent although these seldom amounted
to anythlng more than w1dely scattered clusters.

The Rocky Mountains also appeared to be generally
free of cloud but certain factors made nephanalys1s in
‘the mountalns a dlfflcult task. ;

Because of hlgh altltude, and hence relatlvely low
temperatures, espec1ally durlng the winter, cloud cover on
the 1nfra—red 1mage was very hard to dlstlngulsh from cold
_ground surfaces. Only relatlvely dense and hlgh layers of
Ci or cirrostratus (Cs) were eas1ly recognlzed

Moreover, s1nce on most occas1ons Ansufflc1ent

' llght was available to produce good 1magery in the v1s1ble
| portlon of the spectrum durlng the w1nter, 1nterpretat10n
necessarlly rested malnly on 'the 1nfra red 1magery -
Slmllarly, any small areas of Cu or Ac 1n the mountalns
were dlfflcult to dlStlngulSh from areas of snow or- ice-
flelds. » \

Central'and Southern Alberta were generally
covered with a thick and continuous layer of As or Ac,

which was frequently found to be overlain with patches of



.Ci or Cs which became- more dense w1th eastward extent. &z
North- western and northern portions of Alberta remained "
- relatively cloud-free, presumably as a result of their

close proximity tofthe_high-pressure system over the North-

A

west Territories.
In summary, therefore, the B.C. coast and frequent-
ly ‘the 1nter10r, experlenced sunny condltlons under the

‘1nfluence of this synoptlc type,?exceptlng the extreme

southwestern,corner of British Columbla.r Here, an As or
Ac layer was foundbto persist, probably as a resultcof a
surface onshore w1nd created by the low—pressure centre
(see Figure 4.1). '

o Alberta generally saw overcast condltlons assoc-

<y
‘1ated with what appeared to be a far more extensive area
of cloud over Saskatchewan The only exception to this
observatlon was found in Northwestern Alberta where skles

were for the most part cloud—free.

4.3 . Synoptic Type 2

This synoptlc type accounted for 9.4% of all
observations durlng 1975, and was present over the study
region on a total of 52 days. Bearlng in mlnd,that the
synoptic type was recorded twice during each 24-hour period,
there were 68 occurrences of this condition in all. Only
L2 sets of photographs were analyzed however, since lO |

sets’ had to be excluded on the basis of poor 1mage'quality.

jF
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Figure 4.3; Surface Synoptic Type 2

The princinal features characteristic of this
condition nay be seen in %igure 4 3‘ The centre of a hlgh
pressurecéystem is establlshed over Northwestern Washlngton,
1mmed1ately to the south of Vancouver Island To the
northeast of the high, and centered along the 60 N parallel
Abetween 100 and 120°W, lies a fairly deep low—pressure
area. The net effect of these two systems is to induce a
west;northwesteriy surface flen throughout the entire study-
area. o ' b_ | )

It w1ll be noted from Flgure 4 L that the fre-
quency of occurrenceaof this synoptlc type was distributed-
fal;ly evenly throughOut the year, exhibiting slight minima‘

during the late winter and spring, and also'during September,
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Figure 4.4. Number of days experiencing Synoptic Type 2,
- 1975. : '

Once.again, whereas no single average cloud
pattern could be identified as-being associated with this

synoptic type, certain recurrent features were evident

In 20 1nstances, the west coast of Brltlsh Columbla'

was almost entlrely covered by a broken to overcast con-
dition of either middle or hlgh cloud; in 22 cases, similar
cloud coéver prevailed also over the interior of the [
province.‘ Seldom, therefore, was British kolumbia devoid
of any large areae_of oloud. At times, when conditions
were otherwise cloud-free, lines of d& were evident,
~paralleling the western (windward) Side of the Coaetal
',Ranges.- This cloud was presumably the result of forced

&cent, and resultant adiabatic coollng to the dew-p01nt

e

temperature under the influence of thetyesterly onshore L

flow. . ‘ : R ‘

By eontraet, the Rockies both in British ColumbiQ‘
and Alberta, remained largely cloud-free, w1th the’ exceptlon
-of sSix ocoasions. durlng which a broken or overcast con-

dltlon was observed
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Generally,.Alberta remained free of any extensive
overcast areas, except in eastern and northeastern reglons,
whlch frequently experlenced a thln Cs -cover, presumably
'assoc1ated with the centre of the 1ow—pressure area shown

in Flgure 43, :_ _ ' )

) .
On flve occas1ons, a mlnlature vortlcal pattern

was apparent over Central Alﬁerta, which comprlsed Ac or
Ci cloud Iteis belleved that this phenomenon was a mani-
festat;on of, secondary cyclonic development behlnd a front
. whlch lay to the- east of the prov1nce. The ex1stence of a
front in this area is supporited by the frequent presenCe5
of cirrus in Eastern Alberta, as mentioned above,

- < Durlng the w1nter months, it appeared 1n several
1nstances that the southeastern portion of Alberta was
—covered w1th a cumuliform cloud. The persistence of this
pattern, and its predlctably regular shape,’suggested
instead, a snau cover rather than a cloud layer. It is
thought that, in forested areas of Alberta, the tendency
would .be for snow to be.shed from winter foliage, or the
'bare branohes of de01duous trees. The southeastern portlon
of the prov1nce, however, is dev01d of forest and hence
. sSnow cover én the exposed ground surface mlght be expected
to\be readily 1dent;flable.

In the nonths.of'June to November lnclusive,'the
: presence of Cb cloyd in areas other than the foothills was
‘noted in lO lnstances. Also, during these months, convectlve

\

act1v1ty 1nferred from thé ex1stence of lines of Cu, or Cb
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was observed in the foothllls on 12 occas1ons.

Once again, lee-wave Cl along the eastern. edge
ofvthe ROCkleS was observed. There were 10 such occurrences
noted throughout the year- with a slight max1mum durlng the
months of June, July, and August. Furthermore, it was
Vnoted that such lee-wave cloudeas‘normally confined'to
the extreme southern portions of the province. e

Ev1dence of -the existence of a stable westerly
flow over the Rocky Mountains was also found when Southern
Alberta was generally overcast. At these times, a cloud-
free corridor was sometimes found to-exist~between the‘%ain
cloud area and the mountains. This was presumably 1ndlcat1ve
of adlabatlc warmlng, and hence- dlSSlpatlon of cloud in
reglons of rapldly descendlng air along.the leewardvslopes.

The cloud sheet to the east of the clearlng is a phenomenon

usually referred to in Alberta as the 'Chinook Arch'.

L.4 Synoptic Type 3

Durlng 1975, the presence of this syn0pt1c type
was reported on 26 days over the study area, of which only
‘18 days were analyzed elther.because‘ofxlmageryubelng un-

available, oruimage'quality‘being too poor.
v . . e . »

/\



Figure 4.5, Surface Synoptic Type 3

- o

) < This particular condition was found to occur

e

alMost exclusively during‘the winter months. Durlng the-

months April to September inclusive, only one occurrence

was reported A seasonal dlstrlbutlon of this condition

~

is shown in Figure L,6. .-
10- ‘
5 .
o r— : ] .

J F M A M J J A S O N D

Figure 4.6. Number of days experlenclng Synoptlc Type 3,

1975.
-
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The primarymfeatures ofblype 3 (Figure 4,5) are a
deep low-pressure area situated in the northeastern portion
of the Gulf of Alaska, and a reglon of hlgh—pressure centred
in Idaho. The combined eftect of these two systems is to
| produce a strong southwesterly surface flow over the entire
study region, with the possible exceptlon of Southern Alberta
where the winds would blow from the west.,

- The low-pressure area, clearly visible as a ‘ ;
’large cyclonlc vortex on most of the 1magery, was’ respon51ble
for producing broken to overcast condltlons over the study
area on several occaSLOns. |

The Coastal Ranges of British Columbia were found
'to be covered w1th broken to overcast hlgh or mlddle cloud .
on 14 of the. 18 days analyzed | On th;ee of thesékdays,'
howZver, the overcast was restricted to the coastllne to“ :
the south of 55 N. Also of 1nterest in this portlon of
the study area, and nqted in -two 1nstances, was the 1n01-
'dence of lee- -wave ci along the eastern:edges<ofuthe Coastal
Ranges. o o ' ‘ - :
' ‘ In Central Brltlsh Columbla, only in one 1nstance
did extens1ve cloud ex1st at the lower levels, unobscured
by any hlgher layers. Thls condition occurred in July, a
© time when convectlve act1v1ty might be expected to be at
its" peak at th1s time nearly all of the Brltlsh Columbla

interior was covered with a broken layer of . open—celled Cu.

On 12 of the remaining l?-days, however, the 1nterlo§‘wasv‘
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corered,With,eitherfbroken‘or.overcast middle or high
cirriform cloud. Typically, during these times,fbroken
fragments of Ac“orvAs Were overlain by.north—to—south -
orlented bands of C1. | a ‘

The Rocky Mountalns were generally found to be
fcloud—free- in only sevenq;nstances was any distinct cloud
observed»along their crest.. This cloudﬁwasvusually wispy
Ci, associated.with'the more densely covered areas-of'
British Columbia.or Alberta,
| ’&The Plains’of Alberta were also- found to be

-

frequently covered bypfairly.dense:cloudy as'Were the foot-

vhills'and-nOrthern regions. On six of the 18 days,_Alberta .

was found to have been mostly overcast throughout w1th
nthe exceptlon of the Rockles.. Cloud was typlcally found
o have veen Cs in thesevlnstances._ Middle cloud was also )
noted on seueral,occasions, thouéhponly twice was it found -
to cover extensive areas as a broken or'ouercast condition.

Only in two 1nstances was Cb observed in Alberta,
a. fact readlly explalned in that this was prlmarlly a-
'w1nter synoptic type. | L .;wm I',j

Flnally, lee slope effects such as lee-wave Cl;
;or distinct clearlng of otherw1se extens1ve cloud along -
the eastern slopes of the Rockles, were found to oeccur on o
lO-occa81ons. The frequent occurrence of lee-wave phenom-
iena was llkely 1ndlcat1ve of a deep, stable flow of alr

over the Rocky Mountalns. The frequent incursion of cloud

-



o X . A
from the Pacific into both British‘Columbia and Alberfa does‘.' f})u
suggest an approx1mately westerly flow extendlng upwards to

. at teast the 500-mb level. B . . o

4.5 Synoptic Type 4

2y,

Figure 4.7, :Surface Synoptic,Type'u o

The most promlnent features of thls synoptlc..v~
type are a deep area of - low—pressure centred over east
iCentral Saskatchewan, and a- broad hlgh pressure zone td -
'the west w1th its centre at approx1mately 55 N, 140 W.
The 1sobar1c conflguratlon was such that a northwesterly
surface flow was produced over much of Alberta and Brltlsh
Columbla. It w111 be notlced from Flgure 4 8 tha thls

s+ was prlmarlly a summer condltlon, show1ng a dlstl ct max1—
_ _ o r;



dmum frequency in June.vt L . _
| Durlng 1975, Synoptlc Type 4 was found to occur |
~.on 52 days. Only 30 ‘sets of photographs were ahalyzed, ’
7os1nce thls type appeared at OOOO UTC in, a number of 1nstances;d"*
and. no 1magery was avallable of the study area’ at thls tlme.ffﬁ
d_Three sets of 1magery were reJected from analys1s becausef
l”:of poor 1mage quallty. ‘ ." "

B It was. noted that once thls synoptlc type had
"4become establlshed over the reglon,blt tended to per31st for.
'12 hours or more on 16 occas1ons._ Cloud patterns assoc1ated
7W1th thls type were falrly dlverse, ranglng from almost v
-,total cover~1n some 1nstances to v1rtually cloud—free con—tl

~d1tlons in others.’ Some notable recurrent events were,,

‘?‘howemer, apparent—‘

JOF M A M S Ao N o

‘ tFigureyh,B.o Number of days exper1enc1ng Synoptlc Type b



Only 1n four 1nstances was any low cloud noted

~ over the Coastal Ranges in the absence of any hlgher layers

of cloud The Coastal Ranges experlenced a. scattered con-

”_;dltlon of mlddle or hlgh cloud on elght occas1ons, and broken

to. overcast condltlons of mlddle or hlgh cloud were noted
'flh times durlng the year. Generally, durlng the first: flve

months of the year, the Coastal Ranges remalned cloud—free._v

'td:A s1m11ar s1tuat10n was found. to ex1st over the 1nter10r '

- of Brltlsh Columbla, 1n.that in the absence of any hlgher
~ !

';"cloud, low cloud was only w1tnessed 1n three 1nstances.

On 20 of the 30 days analyzed the 1nterlor of

Brltlsh Columbla was, at least 1n part found to be covered ;f

~ w1th a broken or overcast layer of mlddle or high- cloud
,It was observed that ‘on’ 51x of these days, the cloud was .

_conflned to the more mountalnous areas in the extreme

vsoutheastern portlon of Brltlsh Columbla' on these occa51ons,'

“an apparently dense cover of 01rrostratus prevalled 1n
.'thlS area. Scattered mlddle or hlgh cloud was noted over
the Brltlsh Columbla 1nter10r in only four 1nstances._'v'

The hlgh to mlddle broken or overcast condltlons
fwere also found to prevall over the Rockles on 16 occa31ons,
all between April - and October. Flve of these occurrences )

were restrlcted to the Rockles south of 55 N

In elght lnstances, the effects of lee -waves' were ST

noted along the eastern edges of the Rockles. These effects

Ly

'fwere prlmarlly manlfested by dlstlnct local clearlng of R

| otherw1se exten81ve areas of hlgher cloud, along the o

38
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N

‘llmmedlate eastern flank of the mountalns.: '

- Convectlve cloud was only observed seven tlmes .
along the foothllls of the Rockles in the form of towerlng [
cumulus (TCu) or Cb all between the months of Aprll and
August 1nclus1ve. Exclud;ng the fOOthlllS,va was present/

" in Alberta on 13 occa51ons, and no partlcular ared appeared

-u/
P

| to have been preferred : ‘»A -', o D ;'

o Overcast or broken. mlddle cloud - was observed in
@ Alberta on 12 occas:.ons,' and in 18 1nstances, hlgh broken -
or overcast condltlons were reported It should be borne
in., mlnd that only on elght of 1hese occa31ons dld an over— ;
°.‘-cast or.broken condltlon cover the entlre prov1nce, and o
4hence it was p0351ble fbr a broken condltlon exlstlng in.

| _Northern Alberta to occur 51multaneously with. an overcast

"xfcondltlon in the southern portlon of the .province.

»b 6 _yg_ptlc Type 5

2

It is unfortunate that of the 17 days on whlch
thls synoptlc condltlon occurred,'only elght days could
"'be analyzed 1n detall in thls study. Thus. 81nce.the
: sample analyzed was so small, any conclu31ons based on
| the avallable data would be suspect, and so ln the dlS- .
'cus31on of thls type. no attempt has been made to descrlbe ¥

-an - average cloud-pattern assoc1ated with it. ”"-j;, "o

-

)
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- Figure 4.9. Surfaoe,SynopticﬁType 5
/ . |
- A gentle southerly flow occurred at the surface

‘over’most of the- study area. extendlng as far west as the_
border between Alberta and Brltlsh Columbla. A falrly deep
low centred west of the Queen Charlotte Islands produced a
A‘stronger southerly‘flow over the coastal waters of Brltlsh'
Columbia, R o |

Reference to Figure u lO Lndlcates that there
does not appear ‘to be any dlstlnct seasonal dlstrlbutlon' .
of thls type. although two maxlma ‘are ev1dent in Apr11 and
' August In January. June. July and September. there were

no occurrences of this. synoptlc type.
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E Figure 4.10. Number of days experiencing Synoptlc Type 5, e
o ' 1975 )

In seven of the elght occurrences, the Coastal
Ranges of,Brltlsh Columbla were found .to be covered w1th
broken to overcast conditions of middle or high cloud of
the three cloudy days in August and October, two revealed
f the ex1stence of cloud only in the extreme southern portlons
of the. Coastal Ranges.

Slmllarly 1n the 1nter10r of British dolumbla,
‘o:of the three days experlen01ng cloud in August and. October,
all three showed'that only the south-wancovered by a
broken or‘overcast'cOnstion of cirri-form cloud, while
to thefnorth, generally clear conditions prevailed,_ of
the remalning five days during'which such cloud was. ob-
served‘overvthe‘interior, in the slngle occurrence—in‘May.
the cloud was conflned to the western portlonpof the - a
1nter10r. | | ,'

. Agaln, the Rockles posed somethlng of'a problem

1n that middle cloud, espec1ally when scattered, belng
dlfflcult to dlstlngulsh from areas of snow and 1cef1elds._

Only on two occa31ons .are cloud p031t1vely 1dent1f1ed over



tﬁe Rocky Mountains. It was also recognlzed that Synoptic
Type 5 was not partlcularly conduclve to the formation of
~ lee-wave cloud only in three 1nstances was lee -wave C1
~noted.

In no 1nstance ‘was Alberta found to have any {
extensive afeas of cloud, except on one‘occa51on when
Southern Alberta was c::ered . by Cs. Patchy, ecattered_

" middle cloud .was observed on- three occas1ons, and apart

from some: 1nstances in whlch scattered Cu was evident, the

prov1nce was cloud-free with this synoptlc type. , .

-~

L.7 Synoptic Type 6 _ ¢
- T .
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l Figure 4.11. Surface Synoptic Type 6. - -~
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éynoptic Type 6, although ranked ninth in v |

Kociuba'e}classification, was found to be the sixth most -
frequently occurrlng during 1975, henoe, a departure has,
been made here from his numberlné system. |

Only eight days were analyzed of the 21 on which
this condltlon was present //}n 11 1nstances this type
occurred durlng the night only, when 1magery was not avail-:
.able for 1nterpretatlon.g Ehls typ; was observed prlmarily
between the months of Aprll to September, 1nclu31ve, and
'only 1n three 1nstances did it appear. in an§ other months.

Prlmary featbres of the surface flow'are ev1dent
from the 1sobaflc conflguratlon character121ng the typey
‘ Flgure 4.11. A general westerly to northwesterly flow was ”
;esrablished over all of Brltlsh Columbia and Western Albertd
jwhere, along a trough line,.the flow thence backed, ahd a
eouth-sodthweeterlx flow prevailed over the remainder of
the province. | ~ ' |

_As a resuit of- the onshore advectiomr of moist air'
at the surface,'British Columbia was generally found to be
’covered with extensiveiareas of cloud° the Coastal Ranges
'havxng High. or. mld—level, broken to overcast condltlons in
flve instances. In only one-case were the Coastal.Ranges
covered withébroken alto—cumulus elemenfe in the absence
of any hlgher cloud layer. ) : ' )
‘ Slmllarly, in Central Brltlsh Columbla, mlddle
‘ or high cloud was-observed to have“constltuted broken or

'

-overcast conditions in five~instances and, on two other

-

-



Figure Lh.,12. Number of days experlen01ng Syhoptic Type 6
: 1975.

4 -
occasions, areas of broken or ‘overcast cloud of this type
covered parts of the 1nter10r. Scattered elements were

c.'!_\,

spresent once, and alSQ onﬁone occa51on, broken Cu was ob-
'served to.cover much of the interior E

| Only in two 1nstances was broken cloud observed
_overvthe Rockles, lee ~waves along thelr eastern 510pe were
also noted tw%ce.. No dlstlnct recurrent cloud patterns ~
were observed 1n the rest of Alberta, although broken hlgh
cloud was noted four times, and broken middle cloud on two

o

occas1ons, but only in one 1nstance did cloud cover a -
large portion ofrthe province. Cb was only present three
times, once 1n the foothills as a few 1solated cells, once
in Central Alberta, and once in the north, each tifte in ..
°small isolated cells. |

In summarya'o;ercast conditions were prevalent
- throughout much of coastal and central Brltlsh Columb1a on
50% of the days analyzed. The Rocky Mountalns and most
of Alberta were'largely.devodd of any extenslue gloud_cover,
although Tocalized areas oftbroken'or'overcast cloud were

Oobserved on six occasions.’ Einally;.Type 6, although
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Q'occurring‘primarily during the summer months, did not,

-appear to have been conducive to widespread convective

“activity., S '

4.8 :§ynqptic Tybe 7 -

' Figure 4.13. Surface Synoptic Type 7

‘The Coastal Ranges-of British Columbia Werew
found'tb.be overcast only once; On thls 51ngle occasion

a SOlld 6vercast of ' middle cloud was present overlaln 1n

r_.
.

.vsome‘areas by patchy901. Only in two other lnstances was
4 re

any 81gn1flcant cloud present,’ namely scattered Ac._ In
" the .interior of Brltlsh Columbla, mlddle to hlgh level L

clbud was obs"‘ed en. four 000a51ons., Scattered Ac was




observed twice, and broken Ac with some.ﬁatchy Ci was also

0

noted twice. In only one of these cases did broken: cloud
cover the 1nter10r extens1ve1y, the other occurrence being

restrlcted to southeastern Brltlsh Columbla.

——— I — LT 1 =
J FMA,_MJ.J,ASOND

'Figure 4,14, Number of days experlen01ng Synoptlc Type 7,
1975.

‘No siénificant areas of cloud were found to per-.
sist over ths Rockies. There was .one occurrence of broken
.Ci, but this was restricted.to the mountains.to.the south
of 55°N. On one other occasion, scattered Ac was present
over much of the mountains. u
| To the-north of 56°N, Alberta remalned almost b
" entirely cloud-free, but the south, and especially the
southeast of the prov1nce, frequently experlenced overcast
‘conditions. On four occa31ons, southeastern Alberta ex- 'ﬁ

© (-

clu81ve1y was covered by broken to overcast hlgh or middle

cloud. Fhe entire southern portlon of the province was also
covered) with broken Ac in one 1nstance.. Central Alberta
‘was covered by broken ‘ddle cloud on -one occa31on, at B

‘ Whlch time the remalnder of the prov1nce was almost entlrely
. ) . "_l,‘ A.
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fcloud-free., In two 1nstances only was cloud found to have

“covered nearly the entire prov1nce, When Ac agamn appeared
to have been the promlnent type. Slmllarly, Alberta to the
south of 56°N had broken Cu on one day durlng which little |

!

other cloud was observable over the prov1nce. /-

S

In no 1nstances were either lee wavds or' Cb cells

a

observedlln Alberta., L
Further to the d1scuss1on of mlddle and hlgh cloud'
1n Southern Alberta, it may be said that the cloud in that
area was. observed to terminate abruptly along the western o
" flank of the Rockies. Noting that an easterly surface flow h
prevalled in Southern Alberta w1th thls synoptlc type, it

seems reasonable to suppose that the cloud in thls area ‘is

due to’ upslope. In central and northern regions, whlch'are

further removed from the mountains,_and under. a more

southerly dr southeasterly flow, no upslope cloud would

be expected to occur. - g

~%

In 1975, thls synoptlc type was experlenced on .
17 days- of those, lO ‘were excluded from analy51s 31nce—{\b ‘

they occurned durlng the night- tlme onlyu ‘This type is ..

' characterlzed by a deep low-pressure area centred Just off

the coast of Brltlsh Columbla. A rldge over Saskatchewan

and Northern Alberta, and a rldge in Washlngton, oomblne

to produce a strong southwesterly ﬂlow hn Southern Brltlsh

I



. us

' Figure k.15, Surface Synoptic,Iype 8
Columbla, whlch on reaching the Rocky Mountalns, slackens
and . spllts, one portlon proceedlng northwest the: other
_southeast Wlth the exceptlon of southeastern Alberta, ‘
most of the prov1nce experlences a weak éasterly flow..‘~b
(See- Flgure 4 15, ) It should be p01nted out here that,
once again, a digression has been’ made from Koc1uba S
numberlng, he hav1ng des1gnated thls as Type ll
On two occas1ons. low. cloud was noted in the
‘_'Coastal Ranges qf Brltlsh Columbim: once. generally through—.
out the mourtains, and once as a dlstlnct llne of TCu -j
- along the w1ndward slope, presumably as a result of forced

ascent and subsequent adlabatlc coollng of the alr.l Mlddle

cloud was also noted on two - occa51ons. On one of these the -

Y- o . . o
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cloudiness consisted‘of a fairlj'general broken layer}of Ac,‘

and scattered 01 whlch lay along the coastllne. and on the:.
f

other occas1on, Ac was conflned to southwestern Brltlsh

.Columbaa, in partlcular to the region of the lower malnland.

9

J F M"A_M J J A S O N..'D'

“-hFigure 4116. ~Number of days experlen01ng Synoptlc Type 8
o 1975 .

Q*; ‘_ o ln only one instance‘was the;dnterior”of British
| Columbia‘covered;with\open—celled Cu in:the absence of any -
higher clOud;' Broken or overcast condltlons of mlddle or

'01rr1 form cloud occurred seven'tlmes, but: only on three
occasions dld thls cloud extend over all of the 1nterlor.

: On two days the northern 1nterlor alone was covered, and
in the other two cases only the southern portlons‘had thls
type of cloud.. ’ - |

| The Rocky Mountalns experlenced overcast con—
' dltlons in only three\instances. Broken Ac was noted on:f
| one occa31on, as was some scattered ACﬁln another.l_In all

: cases, the overcast condltlon was caused by Cs.v Lee;wave

A‘ cloud was noted once, and in two 1nstances when Southern

. J
Alberta was overcast the cloud termlnated abruptly a few'

R mlles to the east of the mountalns. Possxbly thls effect
y X-fl'f'-" a3 '~':f"r;.ﬂ' :,”_ g~l _‘uz o | ;_,._ _. -'Qﬁn_t
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is 1ng{gat1ve of lee clearlng, produced by subs1dence in- the
westerly flow., - | ‘ N _‘ | ‘
| Only 1n one 1nstance was Alberta completely overe@ >
a‘cast at a tlme when con31derab1e cloud also covered much of

'Brltlsh Columbla, the cloud shleld passed apparently w1th

ﬂ'llttle dlsturbance over the Rockles and on reaohlng the

- leeward side 1n Alberta, assumed the form of banded As and )
'Ci, the bands parallellng the mountalns.- At thls tlme. a. .
cloud—free area exist® in Central Alberta, but in the
'northeast, scattered Ci was ev1dent.' In four other 1n-
'&stances Southwestern Alberta wgs covered w1th broken to';.
'overcast As or Ac, whlle 1n one case much of the south of_'
the prov1nce was covered w1th what appeared to. be St or
AS{ In thls last 1nstance, a well deflned cloud—free lane;}
, ex1sted between the edge of thls cloud and further areas

_of cloud over the Rockles themselves.

U;lO"SyQOQtic Tvpg[9

Type 9 occurred only on 10 days durlng 1975, all h
cases were conflned to the W1nter months between October o
~'and February., The most promlnent feature of the pressure_'
‘pattern deflnlng thls map type was a very deep low 1n the tv:
' Gulf of Alaska, whlch effectlvely was’ respons1ble for pro?j:
"du01ng a southwesterly to southerly flow over the entire :
_istudy area. (See Flgure L, 17 ) Hence. advectlon of

.»relatlvely warm, m01st a1r into the study reglon was the _y“lt



 primary effect. | _
."’,v ESince there were so few Type 9 occurrences, llttle
uhhfca;\be‘sald abo t the average cloud pattern ass001ated w1th

Cit. No extens1.e areas of cloud were found to pers1st '

;ﬁ}w1th regularltyvover the area. although fragmented patches

.f.of Ci and Ac were noted either in Brltlsh Columbla oro

v'lAlberta, on~four of the flve days analyzed Agaln, as w1th:qv'
"Synoptlc Type 8 dlstlnct lee-clearlng occurred on three .

[" occa31ons 1n the nelghbourhood of the eastern slopes of the,:
AfRockles._ Isolated areas of Cu and Sc were noted both in

':Brltlsh Golumbla and Alberta' 1n two :Lnstancesp what

happeared to be lee wave Cl in the Rockles was observed.;

“wfwao other 1tems of 1nterest were seen.. eh\W'
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A Figure 4.18. Number of days experlen01ng Synoptlc Type 9,_

1975 4 §

, .

: It would appear as though the southwesterly flow <'¢

_'was a stable one._as ev1denced by the lee clearlng and :

jgeneral lack of any exten31ve areas of cloud in elther of

' the prov1nces, care must be taken, however, 1n maklng any

~summary conclu51ons of thls type, in v1ew of the fact that

flt occurred so seldom durlng 1975

6.4.11' §ynopfic”TYDe:lO"‘7

- Figure 4.19. Surface Synoptic Type 10 =




L The tenth and flnal surface synoptlc type analyzed
:was ranked as 27th in Koc1uba s frequency hlerarchy - Thls'_'

-

;gtype was found to have occurred on 20 days durlng 1975, of
;those,.ll were analyzed in detall "‘ |
o | The pressure pattern features a broad rldge over."
‘Alberta and Brltlsh Columbla, and a large low-pressure L

‘ﬁsystem centred in. the Gulf of Alaska.. (See Flgure 4 19. )

"A sedond,‘and apparently’hlnor surface trough orlented

f",approx1mately north south lles over Washlngton and Oregon.

"The l975 frequency dlstrlbutlon of thls type is shown in j -
Flgure 4 20 a sllght max¢mum occurs durlng March but no
'dlstlnct seasonal pattern 1s dlscernable. | ‘

O The Coastal Ranges of Brltlsh Columbla were.
dfobserved to have been covered w1th 01 and Ac in lO 1nstances.

.In,all cases, cloud was only observed to’ the south of 56o

r.bibut 1ts pers1stence was remarkable.. At tlmes, thls cloud

iwas qulte thln and patchy, but nevertheless 1t constltuted

T a. recurrent feature of thls type.' Only on four occas1ons S
cdld thls cloud penetrate 1nto the 1nter10r of Brltlsh
'~Columb1a, and when 1t d1d so, also wascconflned to the south

Tof 56°

: ._,o_.‘-, .
- .‘ - F M A M JJ A s o D

Flgure h 20.4 Number of days experlenclng Synoptlc Type lO
1975 _—

N
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Other areas of cloud, not apparently ass001ated
-w1th the maln deck of cloud to the . west were noted, but
u_generally were Just small patches of thln Ac. Thé exceptlon
'to th1s Was a falrly large cluster of Cb cells centred at |
;55 N, 122°w on July 9th. | | L

~The Rockles were only: obscured by cloud on one ‘
;occa31on, when fragmented C1 covered them- falrly exten31ve-
1.ly. Other than in th1s s1ngle 1nstance,.they appeared |
'entlrely cloud-free.b The remalnder of Alberta was only
vobserved to have been extens1ve1y covered on one occa31on, ;
.when Ac lay over much of eastern, central and northern
,'portlons of the prov1nce. Patchy Ac. and Cl were observed
over the fdbthllls on. three occa81ons. and southern Albertaf
hexperlenced a broken cover of Ac overlain w1th w;sps,of Cl‘

“:four tlmes. Thls cloud marked the northernmost extent of

an apparently larger system to the south of the prov1nce.*



CHAPTER 5 N

" THE 500-mb ANALYSIS

'5.lj'General

Slnce an entlre reanaly31s of the 1975 satellite
1magery in terms of K001uba s 500- mb map types would have
‘proven excess1vely tlme COnsumlng, a shorter method was
sought in order to determlne any relatlonshlps between
"cloud types and the contour patterns of the-ipo ~mb sur—
face. Furthermore, it was ‘deemed ‘valuable to assess
fdescrlptrvely any relatlonshlps between surface map types
and the -500-mb map types a83001ated with them. The most
expedlent approach was flnally cons1dered to have been
h.that outlined below.

. For each surfgce map -type analyzed in the flrst

: part of. the study. the SOO—mb types assoc1ated w1th them
were noted and the tabulated results appear on’ ‘the follow- )
1ng pages. A hlstogram plo\tlng surface types agalnst the'
number of Soo-mb types a58001ated w1th them is glven in
Appendlx C and it is from ‘this, graph that some prlmary -

conclusmons regardlng the 500—mb surface were drawn Cot-"

r81derat10n was glven chlefly to the actual number of 500-mb
, . s5 _ .



types associated with each surface!type, i?he fewer thé
SooambAtypes associated with any‘surface pattern, the.gore
'positiVe the associationﬂwas assumed to have oeen'betWeen
/fthettwo;=convers§l§ the surface typesfwhich were associated
witn many: 500-mb types Were.indicative of a poor associa-
tion., Further to these considerations, an‘index of .this
ass001at10n was. derlved, whlch took 1nto account not only‘
the number of SOO—mb types as3001ated w1th each synoptlc
'condltlon, but also the frequency of occurrence of ‘the

-

:surface condltlon durlng the study perlod.'

sy

’Simply, the index:took.the following form:
wo=sFE (@)

where I, ls,tne index of aSSooiatlon,
© S,‘.representS’the-number of.occurrences of any
surface synoptic type, _ »“‘
~'F~ is the number of 500- mb map types associated
with the correspondlng S value for 1975
It should be noted that in thls portlon of the study, the

‘total numbers of occurrence (totalled u51ng 12 hourly

rather than Zb—hourly 1ncrements) were used to derlve data

’ regardlng surface and 500-mb oocurrences. In essence the
_as3001atlon 1ndex 1s nothlng more than a. s1mple ratlo f-‘

‘whlch expresses the ratlo of 500—mb types to any ‘given

surface condltlon., Nevertheless, 31nce large dlfferences :Fﬁﬁﬁ’

occurred 1n,the.relat1ve niumbers of;surface;map types~ ‘

56
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.falllng within each group, 1t is felt that the derlved IA

values w1ll compensate for these dlfferences, and hence

will allow comparlsons between groups. The'hlgher the IA

value, the stronger the observed association w1ll be. For

,example, in the llmltlng case’where‘a surface condltlon
were to be associated with only’ one 500-mb map- type, the
f%soc1atlon would be very strong, and any 1ncrease in -the
S value would only serve to 1ncrease the ass001atlon 1ndex.
Also IA can never attaln a valuedof zero, or any'negative
value. . o _ - -
Thevmost frequently7oc0urring 500-mb map type
was - analyzed in more detall for each of the, 10 surface

-

types, and typical ¢loud condltlons found to coexist

s3

between the surface pattern and the 500 mb type were dis-

cussed " The tabulated results of the 500 mb level are

glven in Appendlx C, and the 500- mb maps themselves appear

in Appendlx B. T T

5.2 Results of the BOQ-nb AnalysiS\

In the presentatlon of the results, each surface

type has been dlscussed separately, and in descendlng

order of IA value.

5.2.1 Surface:Type 2: I, = 5.8 |
The ‘most “frequently associated 500-mb map was

"map‘Type_l,-Which represented an almost zonal.fIOW‘over

57
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the study region, ThlS map accounted for L2, 7% of all .

surface Type 2 occurrences durlng 1975, The surface low,
approx1mately parallellng 60°N latltude, is reflecteﬁ by a
s1m11ar although less Pronounced trough at 500 mb. (See

Appendix B. ) The upper trough parallellng the coast of

58

Brltlsh Columbla is expressed however,tas a surface rldge.‘

~The summary of cloud conditions for surface Type
<

2 accofds well w1th condltlons whlch mlght be cons1dered

typlcal of 500 mb Type l in that, on the bas1s of the

summary, -1 deep stable westerly flow was postulated to »S"

exist over the Rocky Mountalns. Slnce both surface and 500—.

mb flows exhlblted 81m11ar patterns, cloud features found
to have been recurrent might have been accounted for by
flOWS at either of those levels. The ex1stence of lines

of Cb cells on a number of occasions in the Alberta Foot-.

hlllS also correlates wely7w1th the zonal 509 mb flow, It‘

'd’assumed that in the event of convective act1v1ty along
e eastern flanks of the Rockles, enhancement of- such .

act1v1ty mlght occur with s1multaneous coollng and moist

! - 3

air advection at the 500 mb level resultlng from such a

westerly -flow.

3

'/ - The. second”most frequently occurrlng 500 mb type

- was map Type 2, whlch .also has a strong zonal character-

| 1stlc. It differed, ‘however, from Type 1 xn that a weak

rldge rather than a trough lay over Brltlsh Columbla. It

is felt though, thatsubtletlesof thls order of magnltude

'o

o



o
. .
~ . .

3

>W0uld nqt produce any major variations 1n cloud pattern

overwthe study area, and hence 500-mb maps 1 and 2 were

o consxdered to have exercised generally dimilar effects in-

t'thls regard.'
' It 1s 1nterest1ng also to note that even the

third most frequent 500-mb surface (map Type 11), whlch

occurred six tlmes durxng 1975, also represented a pre-

domlnantly zonal flow over the entlre southern portlon of

“the study area. =~ &
”'5§2.2 Surface Typ 3+ I, F 3.3

v 'Some dlstlnct s1m11ar1t1es existed between sur-

face Type 3 and surface Type 2 w1th regard to thelr'

associated SOO-mb patterns, Agaln, as w1th Type 2 500—mb-

maps 1 and 2 were thefmost frequently assoc1ated with: the

surface type, accountlng cumulatlvely for UB 4% of all

occurrences.. ' The thlrd most frequently associated 500-mb"

type was Type 8 which accounted for 22 6% A departure.

"."frOm the zonal pattern 1s found here, in that a dlstlnct

rldge lles ‘over Alberta, to the west of whlch a long—wave
‘-'”‘ ~

trough 1s entrenched in the Gulf of Alaska. ’

‘» "
is apparent that the number of 1nstances of overcast con-
dltlons over the study area decreased frOm 14, along the

I%oastal Ranges. to 81x 0ver eastern sections of Alberta.

Thls ev1dence does not confllct w1th what we mlght have ,'

N

From the cloud analy51s of the gurface- type, it
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ected fﬁom the 500-mb flow.- ;n»the,presenceiof-SQO-mb .

<

W



¢

- be noted that ‘the mechanisms wh;ch.produced'th1S'lesseni?é :

. 1

.
K
-

. map'8 cloud would be expected to eilst along the coast as

‘a result of close prox1m1ty to sthe long-wave trough in the B

,xGulf Slmllarly, 1f the zonal flows. were in ex1stence.7

b
any cloud assoc1ated w1th short-Wave dlsturbances 1n the

reglonal flow, mlght reasonably be expected to- d1s51pate y
w1th eastward progress1on as a result of lee subs1dence
caused both by the Coastal Ranges and the Rockles It(muSt

"

’oﬂ cloud amount w1th eastward progress across the reglon

4

i could not have been deduced from the surface map alone.

There appeareﬁ therefore, to have been a: better associa-

“tion between cloud dlstrlbutlon and the upper flow 1n this

t .

1nstance. o : ?, e -~‘ L Vs

5.2.3, Surface _yne 6: ,I. = 3. 3 p\\b
I . Agaln 1t was observed that 500-mb Types l and 2 -

were the most frequently occurrlng, cumulatlvély account-

 ing for 50% of all types a53001ated with the surface con—'
: ﬁltlon. Durlng the 1n1t1al part of the study, only elght”“i,-d

.days were analyzed, and no. recurrent cloud features were
‘ fou to exist as a result © A general trend, and one Whlch
should be treated cautlously, was that .as w1th surface :;'; ‘

Type 3, cloud amounts seemed to decrease wath progre831on -

' away from the coast. The zonal flow aloft mlght there-\-év

fore, have been postula%ed from the surface analys1s._-‘5

L

‘The exlstence of a- surface low over Alberta4°however,

. apparently produced 11ttle- or no cloud. and the 500—mb
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ﬂ,level alone seemed to have domlnated the cloud dlstrlbutlon.
. Any 1nferences ‘that mlght be drawn from the data are -
tenuous, slnce the sample is essentlally small, and no
further dlscus31on regardlng this synOptlc type seems .

warranted at thls stage.

;5.2;4..Sugface Typ 4:~. = 3,2 '
" of all the types treated in this sectlon, Type 4

was the most d1ff1cu1t to 1nterpret since 1t was a33001a—

 ted w1th 18 dlstlnct 500-mb types together w1th some

ﬂuncorrelated types. Reference to Appendlces B and C .
1ndlcates the d1vers1ty of these 500-mb types._ Agaln,
.however, the zonal - flows were ‘the most common and poss1bly
'accounted for the relatlvely hlgh 1nc1dence of lee;wave‘ -
fact1v1ty noted along the eastern slopes of. the Rockles.‘
‘Nothlng can be suggested which mlght explaln the dlver51ty :
':of these 500-mb types w1th the - exceptlon that thls surfaces'
_ptype ranked together w1th surface Type 2 as the most
_frequently occurrlng, and .one mlght reasonah}y exped% ‘the
v.numbers of 500-mb types to 1ncrease w1th 1ncreas1ng fre-l
quency of . surface occurrence. It day be noted that al-
;"though the number of 500-mb types was' hlgh, the IA Value
was relatlvely low because of the hlgh frequency of

occurrence ~7'S' in equatlon 23



”5 2.5 Surface Type 1s ‘IA: ‘3""
i Flgure ho2 1nd1cates that Surface Type 1 exhlblted
a predomlnance durlng the wlnter months, and is typlfled
. by a net easterly flow over the study area.. The 500-mb
3Ty%is l and 3 were found to have been the most frequent, o
‘and together accounted for approx1mately UB 5% of all .
occurrences. In contrast to 500-mb map- Type l Type 3
effectlvely produced a generally southwesterly flow over
most of Alberta and southeastern British Columbla, and al
~,c1rcular cyclonlc pattern over the remalnder of the latter.,-
"Both 5oo~mb types then, produced net onshore flows Wthh
served to. oppose the surface flow.

o : Only one recurrent feature of any s1gnlf1cance ’
was noted from the surface analys1s, namely the frequent |
_ex1stence of Ac or As over Central and Southern Alberta 1n s
‘the absence of- rany. hlghEr cloud 1n the'v101n1ty. By way
. of explanatlon,ﬁthe surface flow*represents an upslope
condltlon in which foroed ascent of- the alr at the surface, ‘
_produced by the foothllls, results in adlabatlc coollng _.
.of the air, and the subsequent productlon of cloud ' The‘ ..
»absence of any hlgh cloud 1s presumably a result of the
’fact that the flow aloft 1s a stable westerly, and any
"tendency for cloud to form 1n thls flow 1s suppressed as hg e
it undergoes adlabatlc warmlng to the lee of the Rockles.
;fGenerally 1t was noted that Brltlsh Columbla and Northern -

'Alberta were devold of any extenslve areas of cloud under

| these synoptlc condltlons.v””fi?ﬁ",




The cloud dlstrlbutlon under dlscu831on ‘was
, noted on seven days durlng Wthh surface Type 1 was: in

ex1stence. Of these, three were assoclated w1th 500-mb :

map 1, one w1th map Ll- one w1th map 28 and the remalnlng

two occurrences were a85001ated with: uncorrelated 500—mb
‘.types. From subaectlve determlnatlon, there>appears to -be

lcllttle.s1m11ar1ty between the 500 mb types- map Type 28

: for 1nstance exhlblts a hlghly azonal flow compared w1th

,bmap Type 1.- Slmllarly, the uncorrelated types were de-_
‘termlned by K001uba to have been most 51m11ar “to Type 24,

1 agaln a type w1th no recognlzable zonal component. At a

cursory glance. therefore, 1t seems that the upslope con-

dltlon 1s relatlvely 1ndependent of the 500—mQ flow.

' Admlttedlyi ‘almosd 50% of the occa51ons under cons1deratlon \

”were as5001ated w1th 500—mb map Type 1 ? the zonal flow -.

‘but the sample belng examlned As unfortunately too small B

to Justlfy maklng any generallzatlons regardlng the

.81gn1flcance of thls relatlonshlp.-

. 5 2, 6 Surface Type 10: IIA = 2 3

Slnce only ll days of the 20 on whlch thls type

)

. by. cloud on one occaslon, and at that tlme. were covered

_occurred were analyzed in detall. 1t 1s 1mp0551b1e t0. draw

'any meanlngful conclnsions from such a small sample.

J N
”Some noteworthy features were however noted, and bearlng
‘71n mlnd the sample 81ze, appeared to have a marked re- E

'currence.; The Rockles were only found to have been obscured;

’ A

._,‘



with“patchy Ci only; Slmllarly, Alberta experlenced

'*Af,extens1ve cloud cover only once when Ac was found to prevall.

"fThese phenomena are explalned to some degree by the ex1stence d
:of the surface rldge over the provlnce. and the ass001a-, .
:ted 500-mb surfaces were generally characterlzed by a’

_rldge over the Pralrle Provlnces whlch was found to" have
'_ex1sted on- 13 of the 25 tlmes in Wthh the surface type i
prevalled The 500-mb rldge was accounted for by four
’dlstlnct map types, but»the subtletlesthat dlstlngulshed
7s‘them from one another were so sllght that llttle dlffer—

”ence would llkely have occurred 1n terms of cloud patternsyfb_
v_;produced by them.. The domlnant feature of the 500 mb type T
.28 for 1nstance, 1s a very sharply deflned rldge, the axls~ |
| of whlch c01n01des w1th the 1ong1tud1nal ax1s of the Rocky h t;.,
::Mountalns.imap 18 1nd1cates 2 s1m11ar 51tuatlon w1th the = ’

'exceptlon that the trough to the west 1s closer to the'”'.

: Br1t1sh Columbla coast than 1s the former._ Further com—'
-_parlsons may be made from the attached maps (Appendlx B)

';but 1n essence 5 b maps 3, 8 18 and 28 were regarded
*fas belng 31m11ar types. A remarkable assoclatlon hence

exlsted between surface Type 10 and 1ts colnc1dent 500-mb QK

L , L

hfw.?." Because so few Occurrences of thls type were fff”;u

; o
'-1found.dur1ng 19?5. the sample was too small even for any c

Affsfgeneral trends to appear._ Of the days on. whlch thls type ﬁfff"”




o o expected to produ

. process.?.QL:Aﬁ

dld exlst, no exten31ve areas of cloud were noted over the

e

| “study reglon.' At the 5oo-mb level, flows that were almost
:zonal pers1sted for'seven of the 1l occurrences, and the ff-'-‘
| thlrd most common type, map 8, constltuted a rldge over 75:

;fthe study area._ [one of these types mlght normally be

e any 31gn1f1cant cloud.

”jtype occurred fl ws that were very close to belng zonal

e

.'7fpreva11ed Flve dlstlnct flows corresponded w1th the re~;r¥:"J
‘.fmalnlng flve days, and are shown in Appendlx B Most are Cd'l;‘
’ aorepresented by rldge forms or 1n the s1ngular case of ”M‘N:.
*Type 15, a cutoff low centred to the northeast of Edmonton. :

vThe surface low 1s a complex one, and w1th the exceptlon

'fvof Brltlsh Columbla it is hard to relate cZOud condltlons L

C g

;]fto the flow patterns. 'As mlg%t be expected from the sur-
”iface conflguratlon,.m01st alr advectlon from the southwest
"Jufls ev1denoed by generally cloudy condltlons, partlcularly

;1n southwestern Brltlsh Columb;a.; The general westerly

\.

‘-‘_"flow at the hlgher levels can only serve to enhance ’Chls

7? Cloud 1n Alberta showed no apparent recurrent

'ftpatterns (whlch may perhaps be explalned by the weak and




‘.

part from a zonal flow at 500 mb and a dlsorganmzed surface

flow whlch poss1b1y represented a weak frontal zone.‘_f: f‘kér‘i :

5 2 9 Surface T””‘ .A, l 7

Agaln, from the;

CLsE
‘.u .

aummary regardlng cloud relatlng

. to thls surface condltlon,'the prlmary features poted were

'ﬁdJ those lndlcatlng upslope condltlons ln the southern portron

of Alberta.. From Flgure h 13, the 10w-pressure system

centred to the south of the prov1nce 1nduced an east-south—,;

easterly flow OVer the mountalns..and under the 1nfluence :aa;ﬁ;¢

Of thls flew. mlddle and hlgh cloud was found to have over-gf

0

laln southern portlons of the prov1nce on four of the elght

,:: days analyzed It was notlced also that tHIs Cloud layer-:f“'

appeared to‘termlnate abruptly along the eastern slopes of :
the Rockles as a well aefln“d‘%_;‘-lfne. | From the table of o
assoc1ated 500—mb types 1t w111 be notlced that w1th all

3ﬁ maps,'a falrly strong flow perpendicular to the Rockies B

| was prevalent and furthermore, th1s flow was dlrectly -
opposed to the surfaoe w1nds.; It would seem ev1dent,

therefore. that the 500—mb flow

descent on the lee31de of the mountalns with resultant B
i SR
adlabatlc warmlng and drylng hasthe effect of d1ss1pat1ng?4,

cloud whlch mlght have been attr

o upslope effect.» Thls 1dea 1s reinforced.by the fact that-f‘

wlmh the exceptlon of one 1nstance Northern Alberta re-p.t
malned prlmarlly cloud-free under the lnfluence of the

500-mb rldge,k- |

was a’ stable one, and thatpv"

butable to the surface,ﬂ"'su'm



e Pac1f1c.

N

| Ldttle can be sald regardlng Brltlsh Columbla."‘.v'
:f551nce no recurrent features were found of any 31gn1f1cance.
}l;It was noted, however, that only once were the Coastall f“h"sj
*lGRanges obscured by any exten31ve areas’ of cloud and, 8 |
hlapparently. falr condltlons prevalled for the most part

, 1n ass001atlon W1th the surface hlgh;pressure system in- the

-5.2.10 ‘Surface Tf 5

The flnal surface type under analysls, and that

= ,havlng the lowest IA value, was ass001ated w1th ll distlnct g

'-fl500~mb map types.. Furthermore. surface Type 5 only occurred. o

t'ffﬁfon 1? days durlng 1975 The 500-mb maps exhlblted a marked

, ‘:fdlvers1ty and,5w1th the exceptlon of mkp type l the zonalfﬁﬂ'f"“

‘”fffflow,‘little repetltlon was noted among these types.\ Onlyfﬁ

'felght days were analyzed, but on seven, the Coastal Ranges,y :
'_of Brltlsh Columbla were found to have been obs:ured by
]emlddle and hlgh cloud./IBecause of the d1vers1ty of the
"1500-mb types, the cloud seems to haVe recurred as a result.ﬂa'f
hﬁof the surface low pressure area Whlch produced an»onshore*77‘“:(

"fflow, rather than as a result of. the floW'aloft.ﬁ Once ’M‘meﬁmén
'nagaln, a.general decrease 1n cloud amounts was noted w1th .

fleastward,progress1on througﬂxthe é%udy area. and lt 1s

'f:assumed that thls effect was‘tre result of two factors. ez ,

L

“UeyiFlrstly, any alr advected fram- the west at the 500-mb level o

.;,,would have tended to dry out w1th 1ts passage over the"'

“ "7f_topographlc barrlers posed by the Coastal Ranges and the (“f{ffpf

oo r'-:'. .
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3

. Rockles, and secondly. 1f the surface flow were the con— ﬁ(h‘”h”

trolllng 1nfluence of cloud; then amounts would be expected g

to decrease wlth proxlmlty to the hlgh pressure area overl.

Alberta. It 1s rpp0331ble unfortunately. beca‘Ee Of tlmeh’ 2

©

constralnts, to eXamlne cross seotlons through the atmos—
phere other than those at the surface and 500 mb levels. ,
It is ev1dent, therefore, that mlddle cloud, that 1s.'cloud

1n the v1c1n1ty of 700-mb, cannot be accounted for accur-~"

Ld

In the present 1nstance, 51nc':cloud over much

- 3,:of the study reglon (excludlng the coast) Was mlddle cloud,

1n thls case as thpugh the surface pattern had a-more o
domlnant lnfluence over the distrlbutlon of mlddle cloud
than dld the 500 mb flow patterns. St S 9

: ately from analy81s of the flow-patterns at elther of these ﬁ?wy

"£ and as the 500-mb types were dxverse, then 1t would seem'_hww
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B

. SUMMARY AND[chcLUSIONs"(,

' .

A presentatlon is’ glven flrst of the nature of B

fcertaln problems encounteréd 1n the study, d1v1ded broadly

flnto operatlonal problems and de51gn problems.‘ Follow1ng

*‘mlded

'-study. Prlmarlly these w

t‘thls, a general summary of the findlngs 1s Fut forth and

some suggestlons for future studles 1n the field are pro- -

L

6.2 _Qperetioég;jProbiems;V

The operatlonal problems were cons1dered to have'
N 4

‘hbeen those that dlrectly or 1nd1rectly stemmed from

“phy81cal constralnts 1mposed by equlpment used 1n the .

"twofold and although dis-

: .:tlnCt from ‘oné another, both had the effect of crea@;ng“f
'"&more room for error 1n the subjectlve analy51s of cloudQ“f“;

‘5types.‘e?

SR . T . ;*”1;f3
First;x' w1thout sen51tpmetr1c technlques and a. .

"well establlshed process of quallty control. the poss1b111tyf¥fff
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- of. s1gn1flcant varlatlons in the gamma slopes ofbthe enlarged
_,prlnts were dlstlnct Dens1ty varlations will occur with |
jvarylng chemlcal condltlons in the darkroom, and also w1ll
result from varlatlons in the dens1t1es of the orlglnal 35~
. mm. negatlves. The 1ntroduct10n of the grlddlng program was
1nvaluable 1n standard1z1ng the flnal prlnt quallty, in
‘that each ﬁegatlve bore a’ step-wedge or grey scale. but
?prlor to thls, prlnt dens1ty was entlrely an arbltrary
‘de0151en., Stemmlng from these facts, therefore, what mlght
‘have been the same cloud type on two separate prlnts, could{
ﬁhave been expressed in terms of two’ dlfferent dens1t1es.
_'Thus, errors could ea31ly have arlsen whlle attemptlng to .
',dlstlngulsh cloud types 1n terms of thelr brlghtness Itf-
1s belleved, however, that these errors were mlnlmlzed by
’ employlng relatlve rather than absolute brlghtness as a "'
.gulde. For example, 1f cumulus were 1dent1f1ed by.lts,ﬂ
~texture,'a spe01flc grey shade could automatlcallx5have
;been attached to all cloud at thls level. Hence, on the
1nfra—red 1magery brlghter returns would obv1ously 1nd1cate
;‘lower temperatures,bandgpresumably hlgher alt;tude cloud -
N than the cumulus. T o o |
: | : Secondly. and espe01ally durlng the early part of
d.the yearp-poor quallty of the 35mm fllm resulted from a
»;‘faulty advance mechanlsm dunlng the scannlng of the 1mageryh

in the laboratory Also. the output level of the os01 lo-
4 4

scope tended to fluctuate occa81onally, cau81ng varlatlons



3 ogax

~in the brlghtness on certaln 1mage frames. These two

. 6.3 Design Problems -

7

-

factors comblned to produce 1magery which sometlmes was

_ of marglnal quallty from an 1nterpretatlonal standp01nt

Flnally, and agaln relatlng to- the grlddlng .pro-
gram dlscussed earller, 1t should be mentloned that prior

to the establlshment of thls program, accurate placement

Aof the overlay on the 1magery was frequently 1mp0551ble -

When phys1cal features of the earth s surface were obsoured

_by exten81ve cloud areas, the task of allgnlng the grld

became partlcularly dlfflcult . Also,, prlor to the grlddlng

: program, a correctlon for the curvature of the earth s
?7.surface was not made,‘and dlstortlon was 1nherent in all
a: the 1magery because of thls. Hence the overlay- had to be

] ccontlnually adJusted,to reduce - the effects of thls dlS—

tortion when 1nterpret1ng cloud in. dlfferent parts of the

study area.

Y

- It was assumed durlng the analyS1s, whenever a

_partlcular map type was found to occur. that general reglmes N

of m01sture and temperature would be very 81m11ar to those

ass001ated w1th all Qther occurrences of that map.‘ Thls , ;'

CisT clearly a fallacy 1n llght of the fact that several of
the synoptlc types exhlblted no: pronounced seasonal

preference. Related to thls, also. 1t 1s p01nted out that

2 ‘none of K5c1uba s types 1ncluded frontal 1nformatlon.

. R S T S R

T
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\Slnce fronts are frequently essentral to the understandlng E

of cloud dlstrlbutlon, the om1ss1on of sich con31deratlon S

~ would have peen unforglvabLe had more’ time been avallable.

It is 1mportant to realize that in the undertaklng of s < ‘

-‘further studies such as this, alrmass types and frontal | ©

-

: zones must be glVen conslderatl%n."
,’p”}-'

From the results, 1t is suggested that had con-
Hs1derat10n been glven to frontal systems, the cloud dlstrl-.

butlons that otherw1se appeared to have had no 1oglcal |

i 4

_ explanatlon mlght have been more readlly explalned

tlnct surface pressure ‘patterns. Because of tlme ooq:

. was not poss1ble.. Instead, however, the 500-mb maps associa-

6.4« Summar£'7; - L o R . ' Y 1‘“

An attempt was made to relate cloud condltlons

over Alberta and Brltlsh Columbla durlng 1975 to ten dlS-'c

"

-

stralnts, an. entlre reanalys1s of these cloud patterns 1n )

ass001atlon w1th the 590 mb types c01ncident w1th them '

ted w1th each surface map-were descrlbed and an attempt SRR

' was made to explaln certaln cloud characterlstlcs in terms

of the 500~mb map types ass001ated W1th each surface type. .

B

-_the data perlod was. necessarlly llmlted Consequéntly..LJ

Also as a result of the somewhat prohlbltive tlme requlred

to perform the 1nd1v1dual analyses of the photographs,.‘ :

the samples were 1n some cases too small for any average,

/ClOUd condlthns to have revealed.themselves. Brcadly_s?

[Ad -




N

Speaking, cloud patterns appeared to haye Been assoclated

<

ﬁ'ﬁ.~f7kl'af i{'ﬁ_f‘ i ,l .;
;more closely w1th the 500-mb'map types than %hey dig w1th :
.the surface patterns, but in many cases both surface and
}’joo-mb maps were requlred in order Yo explaln clOud at
-f;varlous levels. The effect of the orography of . the study
:*T:Q'd icfiarea cannot be overstressed The Rockies and, to a lesser .
| ;degree. the Coastal Range Mountalns exerclsed a large in-
flifluence on cloud patterns whlch, 1n several instances,
d'apparently "confllcted" w1th the surface .map type. For'

'exampli, lee wave clouds were noted frequently w1th the-

-[".1nfluence of a genggal westeriy or southwesterly .

LN

| *dlversf'varlables._ The prlme obJectlve shoulqithen.be to o



should be short It is suggested that future studles of
thls type mlght prove valuable prov1ded that a: sufflclently
long data collectlon perlod ls‘ohosen-‘a perlod of at least kﬁ*s
flve years 18 tentatlvely recommended.‘ Thls would clearly
1nvolve~an automated means of proq5381ng the data,ASuch as
the dlgltlZlng of Lnd1v1dual scan-llnes at the tlme of 1v“ |
reéeptlon of the satellite 1magery. -Suom Informatlon mlght S
bg.sﬁored on a dlsk,for later compuxer proce331ng at a""
convenlent tlme.‘ It 1s also felt that such methods mlght

S .
be employed to actually analyze the data, and*pence reduce ij;xj
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Surface Type 5, Visible Image

Figure A-10.
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" Figure A-11.
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Figure A-15.
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rFigure.A—ié. Surface Type 9, I.R. Image
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‘Table C-1. Surface Typ&~l with Associated 500 mb Types.

500 mb Map Type Total # Occurrences .Percentage of Total
. h .

1 o 12 .7 36.36

2 2 6.06

3 b ' 12.12

L 2 6.06

6 1 03

7 1 " 3.03 ~
14 1 | 3.03

28 1 3.03 ¢

U . 8 | 24,24
TOTAL/ ' ;o 32 ?\\ / .

- ———— :
IA = 3. Note: Qalculation_éicludgs uncorrelated data.

S.= 24, F =8 ) '




Table C-2.

™

» 13

- — | 1 |
Surface Type 2 with Associated 500 mb Types.

500 mb Map Type

£ W

11
16

Py

24

25
U
.

15
Mié%

ing

&?GTAL

Total # Occurrences Percentage of Total

29
10

42,65

14.71
b.h1
147
2.94
8.82
7.35
2
2
2

1.47
5.88

o
T |
2,94
'1.47

Note:

Calculatlon excludes missing data and
= 6l

uncorrelated 500 mb types.

'S
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Table C-3. Surface Type 3 with Associated 500 mb Types.

B Vs

2

500 mb Map Type' Total # Occurrenceg

1
2
8

140

16“

20

30

M

TOTAL

Lol N e B e «!

[y

L
—

31

'Pergentage of Total

25.81
22.58
3.23 ™~
22.58
3.23
3.23
323
3.23
i1é.9o

o -

27, F =8

WIA¢= 3.4. Note: 'Calculation excludes missing data.
S. -
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‘Table C-I, rface Type 4 with Aséociated'SOO.mb Types.

~
4

4 ' ' : » .
500 mb Map Type Total %\Occurrences Percentage of Total

1 19.12
2 8.82 "
3 b
4 2.94
;?\5 C 1.4y
6 1247
T g 2.94
11 , ’ 13.24
12 B 1.47
14 ' 8.82
15 bt
. 17 dl_-}LV |
20 . 1 : 11/47
22 1 Ty
26 1 1.47
30 2. " 2.94
32 | .2 . 2.94
33 2 s 2.94
v | 10 14,71
M - 1 1
TOTAL s B ’

IA.= 3.2, Noie: Calculatlon excludes uncorrelated values
and missing data. ' 57, F = 18
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Table C-5.. Surface Type 5 with Associated 500 mb Types.
| 4

500 mb Map Type Total # Occurrences 'Percentage of Total

1 5 és.oo
2 ! 5.00
| 3' 1 5.00
8 1 ' 5.00
11 1 5,00
14 .. 1 | ©5.00
16 B 5.00
18 2 10.00
19 | 2 | 10.00
21 N | 2 10.00
29 A 1 - 5.00
U 2 10.00 )
TOTAL 20 .

IA = iﬂé. Note: Uncorrelated types were excluded from :
the calculation., S = 18, F = 11
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Table C-6. Surface Type 6 with Associ®¥&d 500 mb Types.

“

..".

500 mb Map Type Total # Occurrences Percentage of Total

1 9 32.14

2 5 1786

5 3 10.71

- &
- 2 7.14
11 . 2 7.14

16 1 3.57
N 1 3.57
U | T 14,29

M R 3.57

TOTAL 1 .28

IA'= 3.3. Note: Uhcorrelated values and missing data
were excluded from the calculation.
S =23 F=7
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Figure C-7. Surface Type 7 with Associated 500 mb Types.

500 mb Map ije Total # Occurrences Percenfage_of Total

1 1 | 5.26 .

3 2 © o 10.53 |

5 1 5.26

8 1 5.26 .
12 1 ~ 5.26
'19 L 21.65,'

v 7 36.84

M 2 10;53

E . .

' .
IA = 1.7. Note: Uncorrelated values and missing data
' were excluded from the calgulation.
s S =10, F =6
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Table C-8. Surface Type 8 with\ASSOGiatedISOQ mb Types.

-

— N\

500 mb Map Type" Total'#~Occurrences Percentage of-Toaal

1 7 L1.18
2 2 1176 -
8 1 } . 5.88
11 | 2 L 11.76

15, C 5.8

8 . 1 : . 5.88 \
19. 1 5.88
26 1 5.88
M 1 5.88

TOTAL | 17

I, = 2. Note: Missing data were, excluded from the
calculation. S = 16, F = 8 .f
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Table C-9. Surface Type 9 with Associated 500 mb Types.

500 mb Map Type Total # Occurrences Percéntage of Total

1 | 2 18.18
2 s b5.45
'8. 2 18.18
11 . 1 . 9.09
(O T o 9.09
o~ ToTAL < | jII, |
I, = 2.2, ;

w
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o Téble C-~10. Surface Type 10 with‘Associated 500 mb Types.',

/

500 mb Map/Type . Total # Occurrences = Percentage of Total

1 2 8.0
2 1 b0
3 .2 8.0
8y 2 8.0
11 ' 1 4.0
12 1 4.0 L
18 4 16.0 -
2é 5 20.0 |
s 4 16.0 )
i ‘ 3 12,0 !
TOTAL - 25 ;

‘7IA = 2.3, Note: Missing and uncorrelated values were
. excluded from the calculation. S = 18,
F =8 / o
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] APPENDIX D

NOMINAL ORBITAL PARAMETERS OF |
ITOS D-G SPACECRAFT
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Parameters

Values -

Altitude (above earth surface)

Apogee and Perigee- *

-

Inclination A \‘\
Nodal Period

Spacecraft Sun Angle

/ o

Precession of Nodes ) s

Equator crossing time (northbound)

\

-~

790 n. mi. (1464 kn)

790 25 n. mi.
(1464 46 km)

101.7°
115.14 min.

Varies with month of
launch., Should be
kept betweernr 30°
and 60° during the
active lifetime of
the spacecraft.

0.9857° per day for
complete sun
synchronism.

1500 or 2100 local
solar time

(from Schwalb,‘19?2{ p. 3)
b



