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.Abstract

Based on Spring and Summer 1983 satelllte and synoptic data over Waestern Canada. two
\_/-1

synoptic studigs are presented. The tirstinvolves a synoptic classification of cloud
patterns, and the second is a model of cyclogenesis and development for the upper level
cold low. .

Based on results of the first study, a definition and a revised classification for
synoptlc patterns have been proposed. Three characteristics are used to classify cloud
systams into four groups: cloud bands. vortex clouds, cellular clouds, and ‘un'if‘orm cloud
areas. Each group includes a number of specific cloud patterns and different ‘
meteorologncal parameters. The proposed classification adds to, and extends previous
-models mtroduced by other investigators.

In the second study. a new analysis of the mechanism of upper-ievel development,

k]

based on cloud pattern structure. has been carried out and a definition for weakemng and
o

strengthenung has been lntroduced The dnfferent stages of cloud pattern cyclogenesus and
development are dlscussed in relation 'to the low-lever,synoptcc pattern; to the topography
of the 500-mb surface the vortncnty lfleld the thickness field of the layer 1000/500 mb,
Aand to the jet- stream system at 250 mb. The model compares well with other models
suggested by other authors. '
Upper Ievel cyclone developments can be classnfned mto two regimes, termed

, modlfled and pure. A modlfred system is assocnated with a low- level frontal system whnle

a pure system is notQ It was found that upper level cyclone intensification, (based on cloud o
: '.pattern structure) wnthln the vorticity contour greater than 16 X 10 ¥t may. be expected i
ln 82 per cent of the cases, while weakenmg within a vorticity contour of Iess than.16 X

10 s s~l is llkely in74 per cent of the cases. v

~t s \
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1.1 Introduction

1. A Review of Synoptic Scale Studies

In the last two decades dramatic changes have taken place in the world of weather
4

analysis and forecasting with the advent of numerical weather prediction, weather radars.

'

and weather satellites. The wealth of information available to the operational forecaster -
makes it dif ficult to reach prognostlo decisions within a limited time. Atds are needed to
help the forecaster in the decnsnon making process One of the most successful is the
deacnsmn tree” method. It is @ systematic, step-wise process which mcorporates dlfferent

meteorological parameters from different sources into a decision-making process leading

toward a prognostic conclusion. The use of the "decision-tree” method in weather

re

* forecasting eliminates subjective judgements and personal bias in a weather forecast. By

-

using this approach;, in a logical and orderly manner, the proc’ess of forecasting becomes
more objective and more soundly scientific. ' '
The reader will ask: "what is the relation between what was said above and the

topic of the thesis?”. The answer resndes in'the “decision- tree" buuldmg process. To

construct a decision tree one has to assngn first the area prd degree of risk. as well as.

: meteorological parameters describing a particular weather event, and ‘then rank th'e most

. sngmflcant Pparametersin a decreasmg order of lmportance Once the basic decn5|on tree

has been developed it can be updated and fine tuned by adding modifications and

v

incorporating other meteorologlcal parameters deduced from subsequent studnes This

o

Ieads one to study the assocnatnon between sngnaflcant waeather events; e.g. heavy

precipitation, flash f|oods, etc. and the size of weather systems, such as synoptic scale
. X a . .
systems, subsynoptic scale systems, etc.. It also leads one to study the relation"between

the development of weather systerns and the significant meteorological parameters likely

LY

involved. The last two objectives will be discussed in detail in section 1.7.

.

}
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1.2 Synoptic Scales of Moticn

The integration of the equations of motion gives discrete sets of waves, such as
long waves, gravity anves and sound waves. All of them satisfy the dif ferential equations,
but not all are meteorologically significant.

In 1948, Charney §qggeéted scales for different meteorologic'al parameters
whith, when applied, eliminate the lesser waves and preserve only the large atmosph_eric
motion. The scales of these parametersl are:

-Horizontal dimension, L, of the order of 10® meters, i:pproximately the mean horizontal
distance between two consecutive ridges or troughs in a stream-line patterp.v

-Vértical dimension, H, of the order of 10* meters, i€ roughly the height of the
tropopause. |

-Speed of propagation, C, of the order of 10 m/s, is the speed of a moving weather
system such as,a.cyclonic storm. 3

-Time dimension, T = L/C, is of the ordér of 10*s. or 1 day. _ o

The above parameters have been chosen because they are the basic criteria used to gauge

the weather phenomena examined in the present study.
1.3 General Characteristics of Cloud Systems

1.3.1 Introduction
The examinatioﬁ of extensive cloud systems has shown that certain systerhs are
.persi'stent and tend to reoccur. 'llhe early investigators recognized this and classifiegj them
. according to spascific configuratibn. Cloud characteristics used to identify and' classify |

these cloud systems are brightness, pattern, structure, texture, shape, and size.

.



1.3.2 Definitions

-Pattern: refers to the organized variations of light density, i.;. arrangements of white.
grey and black specks.

-Size: indicates the scale of a cloud area as compared with a geographical land mark.
-Shape: denotes the overall o;génization of a cloud area, 8.g. banded. circular or isolated.
-Shadow: is the characi;ristic thé?g—i?ai an estimate of the cloud area depfh by the
ilumination angle; it helps in identifying ttge cloud structure.

-Tone: is the degree of bnghtness due to the change of the stanning angle with respect to
the Sun, ®8.g. the tone of the same cloud aré?a on two successive images may be differem.

-Texture: is the ability'of a cloud area tp«obgorb or reflect light, e.g. smooth cloud areas
/

are uniform and flat while striated %cellular areas are not.

(

AN
N

B \ .
1.4 Anderson’s Classification of Cloud Systems
In 1973, Anderson et. al. attempted to classify cloud systems, shown in satellite
images in mid-latitudes, according to the scale characteristic, especially the length.

dimension: They classified cloud systems into: meso-scale, sub-synoptic, synoptic, and

planetary-scale systems.

1.4.1 Meso-scale Cldud System‘

>

The size of meso- scale systems ranges from the smallest dnscernable clou;i area

up about 250 km. Thns system includes:

-Cloud lines of convective cloud elements stretching in one direction 30 to, 100 km. in
length. | :
~Cloud cells, eitﬁér, open o'r.closed;arranged in 3 specific pattern of siie range 10 to 100~ !
km. | | |

: -Striations are narrow or'cﬁr\ved.strea'ks 50 to 150 k. in Iength, and usually occurring in

v

overcast cloud decks. . : S
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-Wave clouds, caused by mountain barriers, range from 20 to 100 km. in size.

-Sﬁip trails are persisting cloud lines produced by ship smoke and range from 50 to-250
km. in length.

-Mesoécale v9rtices, formed from aifferent amounts of clouds, range in size from 50 to

200 km.

-Stratified clouds such as fog and stratus are characterized by%’a smooth flat texture, grey
to bright in tones.. Frequently, they have sharp edges bounded by topographical features.
They form in the planetary bbundary layer by physical processes common to fog and

' N

stratus. The size is highly variable, ranging from hundreds of meters up to hundreds of

kilometers.

K\ o
1.4.2 Sub-s'ynopﬂc Scale Clou& System ™
Sub-synoptic scale cloud group includes different cloud areas with size ranges
| between 100 and 2500 km. It includes:
) -Vorti_ces in stratiform clouds and weak circulation of sizes up to 300 km.
-Vortices in cumuliform clouds, with stronger circulation and bigger, in size, about 600 km.
Cin extent. |
-;Squall lines‘,whi.ch often appeér ahead of cold fronts, are usually formed of Cu and €b
clouds and typically some 200 km. long.
-Cb Clusters, or what have been dafinéd later by Mad.db.x (1980) as Mesoscale Cdnvective

~ Complexes, are clusters of Cb' cells of size'up to 2500 km..

1.4.3 Synoptic-Scale Cloud System
The classification of synoptic-scale sysier'ns is one of the main objectives of this

study and will be discussed in detail later. Syhoptic-_scalp cloud system includes three

i

.vgroup;s.,CIéssffied as follows:
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1.4.3.1 Cloud Band Pattern

This pattern includes frontal bands, non-frontal bands. and jet-stream bands.

1.4.3,2 Spiral Cloud Pattern
This class includes low-level vortices, upper-level vortices, and commas

within cold'air. . . o

1.4.3.3 Cellular Cloud Pattern | }
It include; c;pen and closed cloud panerﬁ.
1.4.4 Planetary Scale Cloud System
Planetary scale cloud areas may extend for thousands of kulomexers over the
globe. Mostly banded, they mclude:
-E\xtratrépical planetary t;ands, withiln which cyclone disturbances are embedded. They are
associated with Rossby waves.
-Subtropical cloud bands are ofteﬁ found in the upper levels, e.g. bands associated with
, ~subtrOpical'jet-streams. They may extend far thousands.of kilgmete‘rs.
| -Intertrbpical cloud bands;.for-m near the edua‘tor. fhey fnay also extend fdr thousands of _
kilometers but the;f ':tend to bein éegments. v v ‘
1.5 Anderson’s Classification of S"ync;ptic Scale Cloud Systam . : )
*In1874, Anderson, et. al. introduced a classification for the syngptic-scale ‘c.loud
s'ystém, based on,cr}aracteriétic size. It inc_&:des the féllowing groups:
14.5.1’CIoud Band Gr.bup
A cloud band is defined as a nearly contmuous cloud formation with a distinct long

axis where the Iength is about four times the width. This group is wbdnvv&%} in turn, into

D
7



1.5.1.1 Frontal Bands

Frontal bands are formed, generally, from muitilayered clouds topped with
cirriform cloud areas. They extend for several theusands of kilometers, have a weak
cvyc'loniéc curvature, and are about 500 kilometers in width. They are associated vvith
fronts, cold, warm. occluded, or stationary.-Also, they can be active or inactive,

~

: . . .
depending on their width, continuity and brightness. , -

, 1.5 2 Non-Frontal Bands : | ‘

Non-frontal bands have the apoearance of frontal bands but they are not
associated with fronts. Sometimes they are associated with areas of confluence or
areas of meridional advection of tropical moist air. and sometimes they are formed
ina north-south convergent flow as a low pressure field approaches a high pressure
field. Again their activity could be deduced from the width of the band, brlghtness

and contmutty

1.5.1.3 Jet-Stream Bands‘

Inan attempt to locate and ldentlfy the jet stream axis near a.cnrrus cloud
area Anderson et aI found that the jet stream is Iocated on the cloud free area
north of the cirrus cloud band |dent1f|ed as the ;et stream band, where the change us
abrupt Jet-stream bands which are located shghtly equator- wardwfrom the jet axis,

: tend to have an antlcyclonlc curvature and very small width compared to thelr Iength
Over the ocean wuth an abundance of molsture cellular cloud systems may form on

'the cyclonuc snde of a Jet band A jet CIFI’US band with a cyclomc curvature will be

very narrow in wudth and has a faint shade. . Lo V -
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1.5.2 Vortices Cloud Group-

-

Cloud vortices have spirals of bands around a common centre. identifying areas of
: .- o :
cyclonic development. This group includes extra-tropical cloud systems, upper cold lows
and comma clouds. In general, dynamic processes play an important role in system

formation, such as vertical mofion in the early stages of development. Vortex clouds. in

'
3

turn, are subdivided into three subgroups, as follows:

v

1.5.2.1 Low-Level Vortices
Low-level vortices develop within a frontal band system as a wave and
become well.defined in the mature stage. The dynamical triggering process'is the .

positive vorticity advection over a disturbance on a baroclinic frontal zone.

1.5.2.2 Enhanced Cumuli-Corfnr,twa Shaped Cloud Areas
Comma shaped pattern-é deve[op withi_rt a cell‘ullar eloud area, especially over
the ocean. They are formed“ from‘brigh'ter cumulus clusters, and are associated with
'vortlcuty max:ma at the 500 mb surface They may also show sparal conflguratnon
shape in the early stages of development In later stages, comma- like cloud areas

form, and become assocn_a.ted_ mcstly w:th positive v rtncuty advection.

1.5.2.3 Upper-Levei Vertices
Upper level vortrces develop within cold air in an area of enhanced Cumuln
form,a spiral pattern and appear llke the occlusuon stage of low-level vort:ces The

cold dome of air and the’cut‘-p{tprocess play an |mportant role in developing such

patterns.



1.5.3 Cellutlar Cloud Group

Cellular cloud patt'erns forms from convective clouds, organized as either open or
closed cells.‘" Th‘e physical processes are ,generally, the same in both cases, and include
cold air advection, subsidence, and stability. Tne pattern represents a mesoscale
convective mixing interacting with a large-scale flow. On the other hand, the
th‘ermodynamic processes involve the temperature dif ference between the air and the
underlying surface, the mixing of moigt »air in the planetary boundary, and the intensity of

heating from below. The\illular pattérn breaks down when the vertical wind shear

becomes significant. Open cellis are associated with cyclonic flow and closed cells with

anticyclonic flow.

1.5.3.1 Open Cellular Cloud Pattern
Ope»n cellular pattern is found in the rear areas of cold fronts within cold
' uns‘tabl'e air.llt is made up of individual convective cells within otherwise clear areas.
In polar air masses, it consists mainly of towering cumulua clusters, while in
subtrdpical air it forms mainly stratocumulus clusters. Open cells indicate warming
from below and conditional instabilrty in the lower layer's.b They most readily develop
over tha oceans-but they may also form 0var land in tne pre.sence‘of Iarge bodies of a

water and adequate surface hea‘nng on the surroundmg terrain. Land based patterns

are of less duratlon usually persisting for some 12 hours on the average

1.5.3.2 Closed Cellular Cloud Pattern
‘ Usually, closed cellularlpatterna are found to the rear area of a céld front and
~ close to the next up- stream ndge In this group the convectnve cells tend to merge,
»

Ieavmg very httle clear anr between the cloud elemants while the whole pattern is

bounded by reglons Iargely free of clouds Covectlon is notiintense as in the cage of )
. . { »
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open cellular pattern. The convection process is drivan either by weak surfac;
heating, or by upper rad;ation cooling’f The convective cells are made up. mainly, of
stratogumulus in polar and subtro;.)ical air. The closed cellular pattern is dus to weak
7 low level instability. It also forms over the ocean and. with lesser persistance over

the Iand.°

1.6 Zwatz-Meise’s Classification of Synoptic:Scale Cloud System

“In 1981 Zwatz-Meise made a few modifications to Anderson's, 1974,
classification of synéptic scale cloud system by intro&ucihg another group and new
patterns. Detaits within spe'cific groupings have been changed considerably. Zwatz-Meise
and her collegues have also addea another important ~féature by at{empting to} Incorparate
both conventional and satellite data into one system. Thorough examination of their study
reveals how solid and cdnsistent fh_eir results are. ?he following sections describe the
general features of their classification. .v ' f
1.6.1 Cloud Band Group

>

" The main features remain the same as in Anderson’s regime. The cloud bands are

~

extended. linear featuras and several times as long as'wide. Most of the bands are thick

*and layered, and may ‘extend to great heights. This group includes:

1.6.1.1 Fréntal Band Pattern
The froﬁtal baﬁdv hés the same features as described-bngre in Anderson's
"' classification, The cloud band area is associated with a frontal system, defined in
‘ synop;c data. This pattern includesicold’;frontal bands, warm frontal bands, qchUded
frontal bands and étatiénary' frontal bands. Several derived meteblf‘olo'gical »

parameters were used to assist in identifying a frontal band. These parameters are:

-Thermal frontal parameter TPF, defined as the gradient field of the temperature
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gradient field at the 850-mb surface taken in the direction of the temperature
N \ L3 . .~ .

gradient field

VT -
TPF = - V|9T| - Tor] | (1.1)

.where T is the temperature field at the 850-mb surface, gT is the direction
' T
vector of the temperature gradient field.

-The zero isopleth of the relative~vorficity at the 500-mb surface.

s ‘ (1.2)

.where L  is the relative geostrophic vorticity at the 500-mb surface defined by

n

”

¢ = %‘vzz . (1:3)

wherg gis the acc-eleration due to gravity, f is the cSriolis parameter, and Z is the ,
geopotential height of the 500-mb surface.

-The zero contour of ihe.relative vorticity of the thermal field of the 850’500 mb.

ra A

layer. -
h. = O B e
.erere g th 's the relative geéstrophic vortil(;ity of the fhermal field defined és '

“th = fvn - o s

.where h s the thickness field of the 850/ 500 mb. layer.

g
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1.6.1.2 Non-Frontal Cloud Band Pattern
In this subgroup. Zwatz-Meise inciuded several bands not well defingd
before. She also showed how this general classification may be extended to other

» ~

cloud bands. . ' : -

\
. ' \
This pattern now includes: ) N
\\
Jet Band | o
\\‘

In addition to the main features described before in Anderson's classification
‘ . ' '
.the jet band shows a fibrous structure, banded orientation, and is located at very

-

high levels. The band ns most easily recognized and identified on the visible images.
Since the fibrous clouds are indicative of horizontal wir:i shear, such. bands are
either jet bands or shear bands, Zwatz-Meise and Hailzl (1980-b). Jet bands are ‘Ie‘ss
intense than éhear bands, but since both may merge, it may be very difficult to
distinguish between them. Jet bands are most frequently found over the sea, but

-
they can be observed also over land.

-

o IR
b3

Shear Band
This band was first studied and defined by Zwatz-Meisé and 'Hjailzl in 1980-b.

Having first examined the possible r_eaéons for the development of ;uch‘bapds they

erased the old misinterpretation that these bands are features of cold or

stationary-fronts. The shear band is characterized by a well-marked anticyclonic .
curvature. The cycldnic side is assocjatec_i with the thérmal wind field of the

700/300 mb. layer. The orientation of the fibrous elements is the sa"mefas,‘ and

parallel to thé thermal wind field. Shear bands move fastef th‘an‘ jet bands and still -

faster than frontal bands. This is the reason for misinterpreting them as frontal

| .
bands, since all the bands, (jet, frontal and shear) may merge: into a single band in the

[y

late stages of development.
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Convergence Band |

Althoug‘n some examples of this band were shown ‘ea‘r‘?y in Anderson’s study
{1974), it was not then waell established nor defined. In 1980, Hailzl carried out
several studies and came out with a sati_sfactory explanation for the formation,

>
development, and motion of convergence bands. Hailz! found that, as the remnants

vof an old frontal band, which had moved away from.the baroclinic zone, came under
‘the influence of a mid;level convergence field only, 'fhey tend to redevelop into a

. new band. He also found that, such convergence fields may exist tbroughciut a Iaper .
e.g. 850/500 mb In such cases an éstimate of the vertical motion field can be
made and consequently of tho band thickness. |

-
Pre-Frontal Band
This band had a great interest in Zwatz-Meise's study, 1981. She 'f-our;d that,

the band is associatod with but not directly connected to tbe frontal band, eSpecially
not to the cold fronta! band. lt has almost the same structure as a frontal band but it

.

has a dlfferent orientation. Again, the use of satellute data comblned with synoptlc

data has a great advantage While it is very d:fflcult to dlstlngunsh this band froma

cold frontal band apre- frontal band is always assocuated wtth the flatridge of a

th|ckness field of the 850 /500 mb. Iayer

"1.6.2 Vortices Cloud Group

The vortlces group is sometumes called the non- banded cloud group The pnncupry
‘ feature commor’(t’o this group is a spxral shape of synoptnc size at some stage of

| . development Such splral shapes may be snmple or complex The group mcludes the

5 followung patterns
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\

1.6.2.1 Low-Level Vortex

The low-level vortices are usually associated with the centre of an
extrajtropical cyclone where two different air masses, one warm‘and moist, and the
other cold and dry, 'lnteract to form a spirai-like area of white, dense cloudiness. The
other featu.res are very similar to those described, before,‘ in Anderson's

- C

classification, (1874).

1.6.2.2 Upper-Level Vortex

The cloud pattern of thls vortex develops lndependently of any other cloud
area. Superf:cnally it looks llke the cloud area of an occluded stage of a low-levei

)

vortex. “Triecentre of the vortex is usually covered with cellular clouds bounded by
one or tvvo very dense white cloud bands. The physucal process behlnd the
formation of upper-level vortices is quite different from that in low-level vortices. A‘_
paool of cold air at the core of an upper-level iow is surrounded by warm moist air’
which ascends the coid pool and forms a spiral band. 1Satelllte |mages are of. great aid”

in |dentlfy|ng the first sngns of formatlon in this pattern as well as showing thet !

subsequent stages of development and decay .

1623 Comma Configuration Cloud Pattern
ThlS dlstlnCtIVB conflguration forms mostly wnthm regions of cold air, and

assumes the shape of a comma Commas exust in dnfferent snzes but they represent

the stage of mature development and they aré not characterlzed by areas of dry-alr

: *
mtrasloh as noted by Zwatz-Meuse (1 98 l) The physrcal process behmd the

formatuon and development is also dlfferent fro _‘ that of the Iow-level and upper
vortex groups ThIS is so because comma develbpment take s-place within an area of

cyclomc:vortlcuty‘.advect_lon. PR '» RS X

. i . . : 3 R
) ; : ) s . e ) . :
- . ' : -
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1.6.3 Cellular Cloud Group

Although this group is formed from individual smaller-scale cioud areas, yet the

overali configuration is of synoptic scale. Patterns of regular configuration always form

. 1 e

over oceans, with outbreaks of cold air. Cellular groups form either as a closed-type or as

an open type pattern For example, a pattern behlnd cold frontal bands is often open,

while that located behlnd jet bands is often of the closed type. But again, both types may

- . form over land or ocean. While a cellular pattern over land tends to be shdrt lived. that
formed over oceans persists longer because of more vigorous convective activity, see
Zwatz-Meise (198 1). The different parameters that-play an important role are: (i) the «

| temperature difference between the air and the underlying surface, (i) the lapse rate

lspecnally in.the lower levels). liii) the monsture field distribution, and (IV) the surface

)

roughness
'\ .

EY
Ly

1.6.3.1 Open Cellular Pattern ] |
T . e

v ] thls pattern, development takes place because of the large temperature

LY a

dlfference between the cold air advected over a warm surface (sea or land) and also
because of the pronounced lnstabnllty in the lower levels Such patterns tend to form
| in reglons of cyclonlc curvature. Orderly cellular patterns are usually: found@ver sea
and qulte irregular dlstrlbutlons over land They tend to persnst for‘several da&ls over
" the sea but ?nly for about one day over land. Where a comma pattern forms in an
| area of maximum cyclonic vorticity, the cellular cloud pattern has a unuque shape of

dense white convectlve clouds, usﬁally called enhanced cumuli’. The regularlty of
<

pattern in open systems isa reflectlon of the distribution of the vortnc;ty fleld aloft.
‘\

%ver larid the ‘open pattern forms asa result of the temperature qlfference between

the air and t fe Earth' & surface and in the presence of strong mstablllty

} R B ° B .
. R .

. 3 : . .
- e R ! . . . .
‘ i : . /
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1.6.3.2 Closed Cellular Pattern
As mentioned abové, the temperature dif ference between the air and the
underlying éurface plays an important role. In this banern such temperature
dif ferences are quite srﬁall, and oftef less than 1° C. Again, cold air advected over a
warm surface leads to conyective cIQudinesé that break§ up into cell ’ here the air
des;:ends. The resulting patfern will be more regular than the open paib@o ‘
v ' o .

other favourable conditions for development are: weak instability and anticyclonic

curvature of the stream-line field. This patterh may also exist over land and sea.
B i

1.6.4 Uniform Cloud Area Cyoup
Itis in this grqub that differences betv.veen Anderson’s classification and
Zwatz-Meise's are most marked. This is ;'\ardly surpr?sing when one rememt;ers that in
*1974 Anderson considered uniform cloud éreas such as fog and low stratus as a local
'mésoscale system, whereas Zwatz-Meise's (198 1) classification recognized that, this
group displays marked differences. Any attempt to incorporate tHe wide range of
dimer;sions into a single class wiil be very difficult. However, Zwatz-Meise has managed to
include all clouded areas that h,évé a uniform texture, definite pattern and similar horizontal
size into one distinct group. The justification fclar this differentiation resides in the contrast
between the uniform group.énd the cellular g‘roup. bne méy say th;t both (the céllular and )
the uniform groups) have similar horizontal dimensions, yet the patterns and the textures
.
are quite differentﬂ. This group contains the vast whité or light grey unifornvcloud areas
~with shayﬁ'\'/veil defined edge; and topographieally bbunded such asa wide expaﬁse of fog

cut up b) mountains. The physical process behind the vdevelo'prhent of uniform cloud area

is low-leval stability, often marked by a pronoynced inversion.
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1.7 The Purpose Of The Study

The study will concentrate on two main ébjectives . The first objective is
concerned with the examination and analysis of the “Synoptic Scale Cloud System
Classifécation" in the light and guidance of the previous studies carried out by Anderson

1968-1974, Weldon 1975-1979, and Zwatz-Meise 1881. Different sources of data will

. beused. e.g. satellite data will include all possible sateilite images available from
polar-orbiting and geostatlonau;y satellites. On the other hand, conventional'data on which
most of the early studies are based. v‘vi‘ll receive a good share of attentibn in an attempt to
explain how a synoptic-scale cioud system fits the current classification, proposed by
Zwatz-Meise (198 1). Within this maiﬁ objective, attempts will be made to seek a logical
approach to such classification. \
| The second pért of the study will consider a new synoptic m‘odel of cyclogenetic
development for vx_/hat is known as "the upp;ar cold llow". Knowing thaf the previous
extensive stydies, carried out over Western Canada and U. S. A., have concentrated on
conventional data or satellite dgta-alone, a determined attempt will be made to inco:fporate
both synoptic and satellite data into.one vscheme. Because of the limited time availableqfor
the project, only a preliminau.'y study could be carried out, and thus definitive results are
not to be expected. The sateliite data used ‘v\/’iliAcc‘>r\‘sist mainly of. images from
pc;tar-orbit_ing satellites, while thé geostatjonary'satellite data will be~consider;ed 'o'nly
whenéver more details are neéded. The use of satellite data does not pre-empt any
p_o§sibl'e information that cpnvéntional data may provide. Hence pertinent surface maps,
850-mb., 700-mb., 500-mb., and 300-mb. or 250-rpb., sur.féces will be examined
carefgjly. Within the' s‘écond objective, the rgi'e of si'gnificant meteorological pararﬁeters,
whichtshow Q‘ood e_Vi_dence of é#sociation with the development probl‘em, will be \
‘ discusséd atjlanv'gth. Specjal éttention _Will be given to the role ofAt‘he aSsoIUte vorticity. -

2

field. - o - " “ R e
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The area of study is over Western Canadé‘bounded by the 90° W meridian in the
east, by the 150° W meridian in the west, and by the 40° N and 60° N paral-lels to the south
and north, respectively. A margin of five degrees Iatituainally and longitudinally will be
aIloWed and considered in order to include all cases and phases of interest adjacent to, or
just outside, the domain of the study area. Finally, _the sfudy will be carried out for the

period from April 1st. 1983 to September 30th. 1983.



2. Data Analysié

2.1 Introduction

Two sotirces of data will be considered in the study, namely satellite data and
conventional data. Eéch source will be examined and analysed in an attempt‘to identify
synoptic cloud systems and whether or not they can be sub-classiﬁed. The approximations
and limitations of the method of analysis. and the sources of error will be considered also.
Then data from both sources will be incorporated into 'a composite definitive

classification.

2.2 Satellite Data - | R

Satellite c{ata come in digital and image forms processed according to
requirements with linear or non-linear eﬁhancement. The 'main source of daté are the polar
orbiting satellites NOAA-6, NOAA-7 and NOAA-8. The geostationary satellites (G’OESY-'E,
GOES-Wi) provide supplementary sources of data. Both satellite systems will be discussed -
very briefly. The reborts by Schwalb (1878}, "The Office of the Systémy Engi?eering"

L3

(1979), and Clark (1983) should be consulted for more details:

1

2.2-4.1 Factors Affecting Satellite Images
Before examining cloud systems shown on a satellite image. a number of ‘factors
must be ';onsidered, as pointed out by Weber'a;\d Wilde'rotter (1881),.and in the WMO
‘ Technicél. Note #473 (1977). IQngring thése factors may lead tq gross misinterpretations.

 The most important factors to be considered are:

2.2.1.1 Image Resolution

Sétellite‘i'mége’resolution is &efined as the capabilivty of the imﬁging system to
_résolve ‘an& ah_al%se the smallest element of épatial or te'mpérall change. For example,
.tvr:e sbatial' resolution of a satellite image refersto th’e.smallést_ horizoﬁtai diameter of

18
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b

a cloud area that should be resolved. High spati'al resolution means that the image

possesses much fine detail while one with Ion spatial resqlution reveals only the

grosser features. The image resolution depends on different factors such as-

- Sensor Resolution

This term denotes the scanner device resolution.‘The scanner width is the threshold

limit between what is visible and what is not. Cloud areas located away from‘the

subpoint, the poihi on the Earth's surface directly beneath the satellite sensor, will X

suffer from inferior resolution due to the distance ang the angle of view'.:

- System Resolution.

System resolution refers to the net resolution of a satellite image resulting .f'rom the

scanner, the electronics on the satellite, the electronic noise dQe to signal modulation
4 !

- and atmospheric dust. For £xampie, GOES-W senSor_ resolution is approximately one

i

kilometer while a fuli disk Ratellite image resolution is eight kilometers.

- Effective Resolution @

The effective resolution is resolution recorded on satellite image photopaper and
discernable by the human eye. It depends on photo processing. quality and condition
of the pho,ggtgraphic paper, printing process {focusing), and the amount of image

1

reduction. It is thus the net sum of all factqrs described above.

2212 Frequency Range

In the visible band, the scanner is sénSitive to radiation I.?etween 0.4-0.7 um,
and i.n the infrared. beiwéen 16.5- 12.5 um. Aﬁenuation an;i contamination, being
functions of the frequency ranges,'méy atfect clouds appearé;\ce in the satellite
image. Figure 2.1 shows the effect of attenuation. For e;(émpl'e, attenuatién may
cause ¢ ..uds on infrared images to appear colder. Figure 2.2 shows the effect of

contamination. In this axample | rirrus clouds over low stratus clouds would appear

like altostratus clouds.
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- GOES-W image. A good rule of thumb is: the closer the cloud area to the subpoint,

21

2.2.1.3 The Time Of The Day And The Viewing Angle

“These factors affect visible- range images only. On such images. areas under
— \‘\
a hlgh Sun tend to be br/g‘ﬁter than areas illuminated by a low Sun. But, on the other

hand, v:snbte-range images at low Sun’ reveal more mformatnon about the cloud height |
(shadvow‘ characfer) han those under higr: EGns This is important, especially in the

ca.se o'_% __cledds l'of/vertical develepment suclh as cumulonirebus clouds. where the
c‘oe\‘/‘_fective activity may 'appear mere impressiye under low Sun than under high Sun.

Care should b aken when comparing a case viewed towards the Sun with a case

vneWed/way from the Sun. In the case of polar- orbmng satellite images, a cloud

// -

s’ystem viewed away from the Sun on a gnven orbit will be less brughi than the same

: System seen later &n the next. Figure 2.3 is a good example for this case. where the

dlfference in image brightness is due to the dufference in solar elevatuon between the

-

two consecutive orbital paths. Nofe in partncular the dif ference in reflectw.lty over

the Idaho-Wyoming border.

2.2.1.4 The Sector Of The Sateliite Image
The scanned picture becomes incteasingly distorted with increasing distance

from the subpoint. This distortion is pr.oportienal to the angle of scahning, an effect

»

most obvious on geostationary images. Thus a cloud system shown at the edge of a

‘

'GOES-E satellite image' will be different in area and orientation when viewed on a

the more faifhful its representation.

2.2.1.5 Accuracy of Gridding -

Accurate gridding is very ingeortan; in that it may affect all the caleulatiens, jf
not d.on,'e paoper’ly.‘ in order to relate cloqd systems to parametric fieles such as
vorticity, it is heceseafy to transform the dbaya from the s'at_ellite image qeordihate.
system, to lthe ,syeoptic map coordinate system. A_ccuraCy in‘ﬁtting‘}a,

I
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bmay 11, 1983 22482 ,NOAA-7 ..

F”igun 2. 3 sun a:’gle effect a)uay 11, 1983 21072 NOAA -7.
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Jatitude (longitude grid to a satellite(§r??1jage depends on several considerations-

(i) accurate knowledge of the satellite's position in space and time,

(i) a good grid overlay produced and calculated for each sateliite orbit. whichin turn
depends on the precision of the input information and orbital prediction parameters,
(i) an image with as little distortion as possible otherwise, false variations in the size

of a cloud area may occur, and

{iv) correct matching and marking of the grid overlay to the satellite image. |, .
The analyst shouid do his best to fit the overlay gfid to the nearest

identifiable landmarks e. g. lkes, coast lines, etc.. If properly done, the rgriddiQ% .

error will be less than the average hear the subpoint and somewhat above ave?age | v

near the edges of the image. In Spring and Summer landmarks will be well defined in

the visible image, while in Winter most landmarks will be poorly defined.

.2.2.2 Satellite Image Enhancement:

Ephancem‘eht curves show the linear or nonliﬁpar relationships between the
.con‘verted diéital signal counts (0-255) and the gray'scale-representation of reflectivity or
temperature. The puréose of enhancement is to increase the degree of cpntrast within
cloud areas in a satellite image. The following questions enabie one to construct the -
desired enhancement curve. 7 | ,

-~What will the image be used fo}? |

~What specific information is required for best analysis?

~What is the time of.the year?

-What is the geoéraphical éeét_or_ needed and what is the map scale?’ :.

in constructing the éurve, specially for infréreq.data, it is useful to consider t_ﬁe _
standard calibfatioh ;table anﬁ the'enhancem‘ent gréph ﬁépqr, shown in Figures 2.4 and 2.5.._

"The scanned calibrated imagery, is received on the form of digital counts ranging from 0 -
: ’ -y : ) ' : ' }
/

to 255. The scaling in the calibration table does not proceed in unifom steps, e.g. the



Page 24 has been removed because of the unavailabitity of copyright permission

The information contained a figure of “calibration data".
(adapted from Clark 1983)

t
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infrared scale mcrease‘é,;khsteps of 1°K within the range 163°K to 242° K, and only 0.5° K
in the range 242\°\K to 330“ K. In a study carried out by Reinelt et. al. (1875), four types of
enhancement curves were used to transform digital data into shades of gray, in the manner

described below. ' \ o

2.2.2.1 Different Enhancement Curves
Considering Figure 2.6, enhancement curves may be classified into:
(i-Linear enhancement curves, represented by the curve AB, at which the
temperature range, 330-163°K, is transformed into continuous, uniform.ly changing
shades of gray. : 5
(iii-Steep enhancement c‘:ur,\'/es, repr;egnted by tt\w'e curve AC., at which ‘the |
temperature range, 330-275° K. is tran\sf\ormed in%to continuous but rapidly changing
shades of gray. and the range 275-163° h\\s assigned to é singleg shade of gray.
(iii)-Sliced enhancement curves, represented\By the curv%DEFGHI produce a
monotonlc stepwnse sequences of shades of g:‘ax in ascendu;\g or descending order,
in such a way that each temperature range |s assugrﬁd to a SPG\CIﬁC gray shade. For
) example the temperature range 287 267° Kis conv;‘rtﬁ?&d to black between
. 267 242° K IS shaded dark gray, and the range 242-228¢ Kis tran&formed to alight ~
gray shade. | ¢ . \ Y
(uv) Wrapped eakwiement curves represented by the curve bEFGHIJIQLMB are
. similar to sliced curves, gxcept that the temperature ranges are transformed in
special ways such as ascending, descendmg, mverted as requrred to dtsplay certain :
features. ‘ o Q‘% : | R
_ Two :mportant criteria should be considered when constructmg an |
enhancement curve. o ', ' o o b

~ (n)* Only a hmrted number of enhanced features should be shown

(ii)- As s many as possble detalls without mvmng confusuon “ RO
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Each enhancement curve has its-own fcnction. For example, a steep enhancement
curve is very yseful in disb?l:'aying deep vertgally structbred cloud areas such as
towering cumulus ang Cb clouds, but it tends to mask the cloudrboundaries. Linear
-enhancement produces a good overview of clouds but without much detail.
On each satellite image two gray scales are shown, the fi}’st for a linear -
~ change, and the second for whatever special enhancement. Temperature ranges,
chosen to apprcximate contours, can be identified without reference to the tabular “-

-

values.

| . 2.22.2 Examples OtEnnanced Curves

I

Enhancement curve MB: Figure 2.7 shows an |mage enhanced accordlng to curve MB
in Figure 2 8. Segments 1-3 provnde more distinct definition of low and mid-level

clouds, segments 4-7 favour definition of convective clouds, and segment 8
. N\
enhances domes of very cold air.

Enhan(:em'ent curve ZA : Figures 2.9 is an example. of "slicing" curve applied to the

global sector shown i in Flgure 2.10. This curve i$ specially useful.to emphasnze low,

mid-level: ahd h:gh clouds

223 Pblar Orbiting Satellite
The polar orbit satell:te NOAA-7 will be d:scussed brnefly in the following. Flgure
S2.11 shows the main parts of the satelhte vehicle, NOAA 7 isin Sun-synchronous orbut

[ oy

i.8. the satelhte orbit precesses at the same average rate as the Earth 5 annual revolution

v

. . aboutthe Sun: In othe_r word’s, as the Earth rotates, each orbit is over an area experiencing

“the sime local fime,ee the ehea' VieWed in the pEeVicue o'rb‘it,va'n‘d thus the s

_' s__a'tellitej‘SUN-Eerth’Ire'laticnship system remeins constant.iTypical orbits Qf‘ the satellite,are
shown in,»Figurés 2. 1-2'and' 2.13. One half of each orbif'ie over the night side of the Earth '
and one half is over the Sun-jit side. About 12 orblts cover the enture globe The prmcupal

NOAA-7 pararneters and characterlstucs are descnbed below.
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N

Figure 2.10 Infrared steep sliced enhancement (adapted from
Clark 1983).
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related to the»temperature of the cloud top’ layer
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2.2.3.1 Satellite Parameters
-Height above the Earth's surface. about 865 km. -~
-Orbital period is about 102 minutes.

-Inclination angle is about 99°.
-Wesiward nodal regression = 25°, i.e. the satellite regresses 25° of longitude per

orbit at the equator.

-Angular speed is about 16.56 X 10-* s-!, and the orbital speed 25,000 km/hour.

' 2.2.3.2 Satellite Characteristics : '

-The satellite precesses at a constant rate of about one degree per day, maintaining
thereby constant orientation with respect to the Sun over the course of the year.

-The satellite carries an AVHRR scanner (Advanced Very High Resolution Radiometer)

in the visible and infrared bands with five channels giving a'spatial resolution of 1'km.

-The scanner has five radiometer channels visible (0.55-0.68 .um), near infrared
(0.725-1.1. uh, 3.55-3.'93 pm) and far infrared (10.5-1 1.5’ um, 11.5-12.5 um)
regions.

-Both the visible and infrared band analog signals are converted to digital counts of .,
0-255. High counte represent low reflectivity an.d‘ low temperature, v’vhile Iew

cdunts represent hngh reflectivity and high temperature

‘-Reflectzwty is related to cloud thnckness whlle rad:ance in the mfrared band is

.

-in general, mcreased brnghtness in the vrsnble band is assocnated with cloud
thlckness and in the mfrared itis assocnated wuth coider clouds

-Brughtness character in the vnsuble band is vanable since |t is a fqnctron of vnewmg

angle and the Sun angle For example the cases to be exammed are dustrubuted over

a period of six months and hence under dlfferent Sun anqle vrewung Specnal care
should, therefore be taken when comparmg drfferenx cases and drfferent studles i

€

-A schematic dragram of a scanmng satell_lte in orbit is shown in Figure 2.14.

3
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-Under similar conditions of illumination, water clouds {cumulus, stratocumulus and
stratus) tend to appear brighter than ice clouds (cirrus, cirrostratus, cumulonimbus).
However, different cloud areas may appear with equal brightness, under different-

atmospheric conditions.

2.2.3.3 Satellite Sca‘rning'

The outpu‘t data must be corrected for geometrigc distortions. These-
corrections are performed in order to maintain an almost constant resolution along
the sca.n line. Each scan line consists of 700 individual picture elementsv {"pixels’}. at
which"scanning is res'tricted-to be within 55 degree of the satgllite subpoint, i.e. 27
degrees of longitude at the equator. Since the satellite regres'ses—' 25 degrees of
longitude per orbit, there is a 20 longltude overlap between each two consec'utive
orbits at the equator This overlap mcreases with Iatltude increase as shown in Flgure
2.15. The AVHRR contalns amirror Wthh rotates at the rate of 360 degrees per '
mmute or 6 scans per second Slnce the scan of” the mlrror is. perpenducular to the
satelllte track, its sweep combmedwuth_ the motion of .thﬁesatelllte prowdes

complete coverage of the area of view. This can be seen in-Figure 2.14.

_ »2 2.3.4 Satelhte Grnddmg
For each satelhte path 4 latitude / longltude lntersectlon grld overlay IS -applled
~to the satelllte umage The analyst ad )usts it accordmg to the avarlable landmarks Due
to the Earth s retataon and curvature the Iatltudellongrtude mtersectlons are not
orthogonal in all parts of an |mage Flgures 2 16 and 2.17 show thls clearly where

. 120° W merldlan is curved on both flgures and m dlfferent dlrectlons Thls in turn }
. produces areal dlstortnon across the whole |mage Wthh mcreases wrth the srze of

. »the area vnewed ln other words it is qurte dlfflcult to overlay two consecutwe 5
* ! H

’

|mages with adequate accuracy smce there is dlstortlon in the North South dlrectlon -

as well as |n the East West dll‘SCthﬂ and of dufferent amount Wleler (§ 1981) has :

P
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shown that the total gridding error is due to both satellite altitude and time error. The
total error is approximately 10 km at the satellite subpoint. Since this error is only #-
1% of the synoptic-scale horizontal parameter, it can be neglected in the current

study.

]
2.2.3.5 Satellite Resolution

By satellite resolution one means the ability to differentiate betwpen small
objects. The NOAA-7 AVHRR sensor data are corrected annQ‘ the scan line m such a
: way that the spatial resolution is, néarly, constant and equal to about 1 km. 'iF\ both
the visible and infrared band. The spatial resolution bétween two adjacent scans is
1.1 km. Hence. the spatial resalution error can be qeglected when one consider's

/
synoptic-scale systems.

2.2.4 Geostationary Satell?tes

| " Figure 2.18 shows the areal coverage of two geostationary satellites. Only
GOES-W satellite (135° W) will be described in some detail. A GOES satellite is in an
Earth-synchronous orbit, i.e. it moves in an orbit with ar;gulaE speed equal to that of the
Earth. Hence, GOES remains in a nearly .fixed position relative to the Earth,ii.e.»

| geostaﬁonary rélative to é particular Iongifude and the equator. Thus, the satellite views the
same area of the Earth at‘ all fimés. The areal coverage is shown schematfcally in Figure ‘

’

2.19.

% 2.2.4.1 GOES. Satellite Parameters -
h -Height aboye tuhei‘ Earth's surface:’ approximately 35,800 km.
" -The orbital peribd; 24 hou}s. | |

-Plane of koi#tion: the‘equ'ato’rial plane.

-Satellite motion: frém west to east.

-The angular spged: 7.29 X 10+ s

»
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~ Figure 2.19 GOES satellite anea coverage.
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-The scanning mirror spin: 100 rotations pér minute.
-The geometric scanning angle of the satellite coverage: 77 degrees.

-The frequency of coverage: once every 30 minutes .

'212.4.2 Satellite Characteristics
The GOES-W satellite maintains a constant position with respect to 130° W

Iongitude and the equatorial plane. It carries a VAS scanner (VlSSlR Atmospheric
‘Sounder), VISSR stands for Visible and Infrared Spin Scan Fladlometer The prlmary .
VlSSR scanner has a two-channel radlometer opserating in visible lO 55-0. 75 um),
and infrared (10-12.5 um)‘. Bo-th the visible and lnfrared data are represented by
digital counts (0-255) in a manner similar to that in NOAA satellites. in dperational
mode, data are transmitted on ev'ery scan line. The 'subpoint spatial resolution is 0.9 -

km. for the visible band and 6.9 km for the mfrared Errors in spatlal resolution can

be neglected compared to the horizontal scale of synoptlc cloud systems

J"
- .

. 2.3 Synoptic Data

stereographic projection true at 60° N and with map factor:

Synoptic data are plotted on charts of different scales, but all are of polar

L 1 + si.n 60 - - |
. 2 oY , 2.1
map fact‘:orl =3 s' 5 i ( )

.where ¢ is the latltude angle. The orlgmal map scale of these charts is 1: 20x1 O° where

the mappmg is conformal i.e. the angle between Iatltude curcles and, meridians is constant

N .’;and equal to 90 degrees Smce the overlay map of the satelllte image does not comcude ‘

. with the synOptlc chart a special map was constructed from several overlays for an area

bounded bv 90 150° W and 40-70°N. A sample of thlS chart is shown in Flgure 2.20. The

requlfung map commdes exactly w|th the synoptlc charts wlthm an area of 10 degrees of

-

. longltude by 5 degrees of latltude Outslde this area dlstortnon increases with mcreasmg

. vnewnng area. The synoptlc maps include the surface 850-mb 700+ mb 500-mb 300-mb

e
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and 250-mb. They were obtained from Alberta Weather Centre archive and CMC (Canadian

Meteorological Centre) microfiim archive.

2.3.1 Methods Of Analysis .

Fi.nite‘-difference and spectral methods are used for analysing Synoptic data and
their detived parameters. In the fini_te-difference method the solution of the:basic
atmospheric equations is reoresented at discrete grid points in space and time. In the
spectral method the field variables ‘(geopotential height , vortictty,‘... etc. ) arg expanded in
a series of coefficients and muitiplied bdy Orthogonal basis functions. Both methods are

used in operational analysis.and prognosis, but the solutions differ to some extent. e.g. in

the numerical value of the vorticity field.

2.4 Selection Of Samples )
A

e I the process of selecting a sampl‘e certain po'lnts sh0uld be considered namely,

(l) the criteria of selectlon (i) the sources of data, {iii) the hmntataons of the data, and (iv}) the

' avaﬂable rnethods of analy54s l

‘According to Anderson (1973 1974) and Zwatz- Melse (198 1), sloud systems can .

. N .
be classufued according. to characterust:c dlmensnons This general classufncatton uncludes
the synoptic- scale cloud system asama yor group, whlch m turn is sub classnfued into four:
sub groups However these studies did not provnde a theoretlcal basis for such
classcfncatnon but 1t relled mamly on the subJectlve exammatlon of satelhte tmage cases
Although Zwatz Mense has used surface and upper-level synoptnc maps, her classxfucatlon
lacks the dlmensmnal scalung thought necessary to such classufucat:on itis the ob;ectwe of
this project to examlne separate cases over Western C,anada in an attempt to ;ustlfy the »

< i .
usefulness of theur models and to appiy the dumen“sfoﬁaljanalysis to‘these cases L

Case studles are chosen on the basns of cloud systems observed on satellste

nmages Satelhte data in. Spnng and Summer seasons do not mvolve complexmes, so data
. jov _ : ,



42

~
v

- *Ref Joano wpw,_w«mm vuyosgpmcoomm 0z°2Z w;auwu

T < ———i- e
_. ‘l . I =~ /
b
R ’ =~
_ | J WRE
- ﬁl‘ll- '.,\ : ,1
) / T -~ ) ¢
! / | ..I.IN.\ \J
. - , ' ’ a N
- 7 ll/ /
- R Og,
- { ]
' N /
B Lo
“T | / S o /
=~ i / I.Aw_
R I . / e
. N /) -
1 . | ' - Lo
A | \ S
| ' - g
' h | ) / ...’, \
_ ! A




43

- from April to September 1983 are to be examined. According to Orlaniski (1975), the‘
horizontal scale di_mensionf being of'synoptic scale. can be chosen as the main criterion
for classifyingweather systems. The sgcond criterion for‘se|ection is théfollowing; i‘f a
E:loud system \;vhich, for the most part of its existence. is sub-synoptic in scale, but attaulns‘
synoptic-scale size at sorﬁe stage during its development, it will be considered
synoptic-scale cloud system. 5
The principal sources of data are satellite images from NOAA-6.7 ang 8. Additional
satellite images from GOES-W ana GOES-E are used whenever more details are needed.
After différent ‘synoptic systerhs have been identified on satellite images. synoptic chérts
are used to support that classification. Since q;)nventiona! rédio:sonde data are issued only
twice a day, time aifferences between satellite data and cohventional data of +3 or -3
. . 2
hours will be considered in the analysis. however, any approxinlwations, in time and space
do not preseﬁt a serious problem, but rather introduce elements of reality into the
classification process by tending to eliminate spurious ac:uracy and preventing the
formulation of an overly-idealized syﬁoptic clou Jmodel. .
Limitations on the §ele¢ti6n and analysis ;<‘:/hevda'ta:

ii)-The period for selection: April to Sjéptember 1983 inclusive.
li)-Satellite data usad: NOAA-6, NOAA-7, NOAA-8, and GOES-W sateliite images. )

(iii)-Topdgraphicﬂ effect :To be Iimi‘ted’by confining the study to areas of unco‘r“npli:c;ated
topography, as rﬁuch as possible, s‘incermountainvous reéions qontributé to different
weather processes and cloud system 'variatiohs.

]

(iv)-Sateliite data are studied first, then ,synop‘tic data. Finally, both sets of t:ilata are

-

examined tégefher. ' : o - . o

Y

(v)-The general features of the classification and s subgroups are preéented .

e

Pl
=
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2.5 Synoptic Scale Cloud System Classification - o

-. Charney’s (1948) criterion fof large scale motion systems is not easily applied to '
satellite data. As mention above in Sectic’mvl .2 Chapter 1, he considered basic dimensions
with specified orders of magnitude, which when app»lied to synoptic data eliminate .
-nonsignificant waves. | ‘

The application of Charhey's criterion to satellite data may eliminate some synoptic

cloud patterns. By synoptic cl;ud pattern, is meant, an area of cloud that exten;s;ver one
or more synoptic dimensions. Cloud patterns on satellite im/n/ges may show a region of

°
v . ~

cloudinass that satisfy only one or two synoptic dimensions and yet must be classified as a
synoptic patterh configuration. Exérriination of synoptic cioud patterns shows that th?e
f\orizgmta] dimension may bé conéidered as the best measures of. and principal facfor
common to all synoptic-scale cloud patterns. Moreovef, the horizontal dimension of a v
clon system can be measured directiy on gridded images, WHereas other dimensions such
as the vértical dimension are measured indirectly. Thus a practical criterion for cloud |
sy‘stems classification may :bei stated as follows: " any clbud system which satisfies, for a
" period of about 12 hours at least the synoptic-scale horizontal dimgansion will bue
considered asa §ynoptic system™. ﬂ

The above criterion is based on the observable characteristics of different cloud
systéms, as seen on satellite irﬁages and in connection with the corresponding
conventional.data. Of course, one should nbt ignore the fact that this criterion may have
limited applicability bec‘ause of the limited number of examined cases, and thus is of a
probabuhstlc result. In other words, within the synoptlc scale domaln one may expect it to

have hnghest probablhty of occurence in any event, the results are Inmuted to. wathm the

synoptuc-scale,order of magmtude, and do not apply to specific scales.
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25.1 lntro,ductk;n

The different dimensions of a syn'optic cloud system, applied to satellite d#ta. are

- defined as follows:

()-The horizontal dimension, L, which is of the order of 1000km, represents the Iengtﬁ of

a cloud area in the horizontal direction of expaﬁding. o | .o 5
(ii)—THe verticél dimensioAn, H‘, which is of the order-of 10 km, represents the thickness of a
clogd area. |

(ii;)-The speed of prqpaga'tion, C. which .us of the order of 10 meters per second
represer;ts'the horizontal speed of the centroid of a cloud area.

{ivi-The time-dimension,‘ T, which is of the 6r'der bf 1 day, represents the time within which
a cloud area attains synoptic size. ]

The examination of 'dif\l‘erentvsynoptic cloud areas, on satellite images. suggests
that they may be classified into four main g;'oups. Each group possesses distinct but
common features that differentiates it from the.other groups The four groups are: (i)
cioud bands group,- (ii) vortex cloud group! {iii) c_ellular- cloud group, and@vi} uniform t‘:l’oud

group. In the following pages, each group will be defined in terms of its specific

characteristics and examples for each will be given. -

2.5.2 Cloud Bands Grqub

A cloud band:is defined as a nearly continous, rélafively broad formation extended _
in one direction, .and only slighf]y chved. The length of sﬁch a cloud pattern is typically |
five to eigh.t times the width. The curvature of the band is of the order of 10 km i or ,
less. so that.the radius of the band is greater than 1000 km. The g_ﬁrv‘ature chafabteri may
.‘be Qsed to differentiate between cloud bands and Qioua vc)rtices; which in all other
aspects,may bq of the same order of magnituae in lateral #nd a_rea'l‘exter‘mt. As will be seen.
the thiqkneﬁ.s dirﬁension varies for the c?ifferent cloud pafterhs ingtuded in this group. Fo‘r’.‘
example, a frontal band may havea 4t’ﬁickness of 10 km, while for .a jet bahd itis

P
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approximately 1 km. The variation in this dimension from one pattern to the other makes it
difficult to consider the thickness as a necessary conditidn within the synoptic regime. A
similar problem arises with the speed of propagation of cloud bands. For eaample, the
speed of a frontal band is typically about 30 knots, while for axjet band it‘is about 100
knots, dr about one order of magnitude greater. However, the variation in the dimension T
is limited to a narrow range. It is of the order of one day. e.g. a jet band may persist for
five days, while a frontal band may persist for seveh days. This group includes eight -
bands, all having the same general characteristics but differing in Ieseer specific features.
The eidht subgroups are: (i} the frontal band, (ii)the' pre-frontal band., (i} the post-frontal
band, (iv) the convergence band. (v) the orographic band., (vi) the shear band, (vii) the jet

band. and (viii) the non-frontal band. Examples of each type aré described below,

illustrated with pertinent maps and satellite images.

2.5.2.1 The Frontal Cloud Bahd/
ThIS band is, most easzly detected on a eatelllte image, even in weak cases. [t
, hgs ,i;tength of about 3000 km on average and a small width of about 500 km. Thls
n band appears very bright in the visible image, and very white in the.mfrared. Several
D examples are shown in Figures 2.21,2.22,2.23,2.24,2.25, 2.26, and 2.31. In
each image‘ the band |s marked with .the -Ietter (A).In Figdres 221 arg 2.22 arrows
‘delineate the back edge of each band. The bands are of considerable vertical extent,
as can be dedut:ed from both‘the vtsible‘and.infrared images: very dense in the
visible and very bright in the mfrared In ﬁgure 2. 21 at the area of the buige over the
West Coast at (A) the band is hnghly reflectlve in the vusnble and avery cold 4talack) in-
the nnfrared wrapped and enhanced |mage Another example is shown in Flgure
2.22.The abrupt change, on the back edge of the band mducates arapid change in

the vertlcal mot:on fneld withr ascendlng motlon along the band, and subs;dence in the

cloud free-area.



. \ o a7

Since the activity of a front is closét related to the brightness of the frontal
cloud, it may be readily assessed fr<;m the satellite i;nage. In_ Figures 2.21, 2.22, the
bana is active; in Figures 2.23, 2.26. it is less active: and in Figures 2.24, 2.31 itis
inactive. Thorough investigation of several casés showed that the degree of activity
of a fro\r;tal band deper;ds at least on three parameters:

(i)- the surface front, o

(ii)- the thermal front, a parameter marked by the line of maximum change in the
gradient of the thickness field of tﬁ:e layer 500/ 1.0001km.', and |

{iiii- the zero isopleth of the relative vorticity field at the SOO-mf;; surfac‘e, which
divides areas of anticyclonic vorticity from areas of cyc¢lonic vorticity. Examination

of these parameters suggests that the activity of a frontal band is a function of the

distance between the isolines: the closer the parameter lines to each other the more

N

0

. , . ) A ,
active the band. Figures 2.21 and 2.21.1 show an active frontal band, where.the

front and isopleths are close together and intersect. On the other hand, Figures 2.24 /
and 2.24.1 depict an inactive case, where fhe isolines are far apart.
As noted before, the frontal band has a v(mll*défined trailing edge which is
bent into a smooth curve having ‘a rédius of the order of 1000 krﬁ.' This cu‘rva'ture is
always positive or cyclonic. Sometimes, an irregular pattern fﬁay develop on the-
traiiing edg’e; és seen inFigure 2.21. This irregular f.prmatiqn may harbour an
) incipient wavé Which may later evolve into a separate cyclbnic system. The frontal
band can t;e a'é;sovciate_d‘ with either a cold, Wari’n, or sltatioh'ary front. The .cold frontal-.
paﬁd is the most bersisting,and active,ﬂhile_ the warm band can be identified anly |
" with difficulty beqauée of itsashort lifetime. A L .
2.5.2.2 Pre-Frontal Cloud Band " -
The pre-frontal band is a’séociaied, but hot connected, with a fréntai t;_and. In. -

all the cases examined, it was associated with either a stationary or cold-fron'ta'l o

band.
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Figure 2.21.1 01 April 1983, 1200‘GMTvdashed'linezszerp
isopleth of relative vorticity at 500 mb, dashed-dotted
1ine: thermal front parameter for the layer 1000/500 mb.

A4

Figure 2.24.1 01 July 1983, 1200 GMT dashed 1ine: zero
1sopleth of relative vorticity at 500 mb, dashed-dotted
line: thermal front parameter for. the layer 1000/500 mb.



e 2.22 NOAA-S saté]lite image, a) infrared, b). visible,

- 1501 GNT, 18 September 1983.
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Kress and Zwatz-Meise (1980-a) were the first to define this band. Examples
of the 'band structure are shown in Figures 2.23, 2.24; where the band is marked™
with the letter (E).. In ali the cases exam;neg, the band stretched paraliel to the frontal
band. Ih Figure 2.23, one can detect two pre-frontai bands extending meridionaliy
and parallel to the frontal band (A). The first band, not marked. extends southward.
over Idaho, and the second marked with (E), is also parallel to the band (A). The .
separate cloud bands ~c:an readily be discerned on high-resolution satellite images,
such as Figure 2.23, Where the cloud-free areas between (E) and (A) stand out cleariy
in both the visible and infrared. In mountainous regions, the clearing between bands
may be enhanced byu ofographic effe.cts'. In other, cases one may interpret those
bands as warm frontal bands. Figére é.24 is another example, where the black
arrows show the separation between the different bands.

Satell‘ite i'mageslprovide ihe first elue for identifying pre-frontal bands. They
are parallel to frontaIAbands and have the same oriehtation, and similar characteristic
dimensiens. At later sta‘ées of development, beth the frontal a-nd pre-frontai bande
r.hay merge in sueh a‘way that it will be difficult to differenﬁafe between them. This is
because the spee.e of propagation of the pre-frontal band is much ie_ss than that-for '

a frontal band. Unless the development history is traced back to its origin; the band

[ [N

may be misinterpreted as a warm frontal band. However, -one should remember’ that
a warm frontal band has a dif ferent orientation and is not parallel to a cold frontal
band. ‘ ‘ v

Active bands are associated with sharp ridges in'the 500/ 1000 mb thickness

field, while inactive bands.are not. Also, the use of the thickness field enables 6n'e to

- - locate the band in the cases“' examined, !he{nd was located approxnmately 2° of

latitude upstream of the thuckhess rndge except in CS having, more than one .-

pre- frontal band. Examples are shown in anures 2. 23 and 2,24. Flgure 2 23isa

[

@se of active development where the pre-frontal band is assocuated with the sharp

S vt . .
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ridge of the thickness lines as shown in Figure 2.23.1. Band (E) is also ubstream of
the thickness ridge, while the -first pre-frontal band (not marked) is located on the
thickness ridge. .

Figure 2.24 represents an inactive case. Comparing the image in Figure 2.24
to the map in Figure 2.24.1 shows that the band (E) is also located upstream of a flat
thickness ridge. in both cases, the frontal band (A) is located a few degjrees
downstream of the thickness trough. Checking the locations with respect to the
thickness fields for ‘other Iauers, e.g. 850/500 mb and 500/250 mb, did not
change the spatial relationships.

The above f.indin-gs are at variance with the results of Kress and Zwatz-Meise
I t980-a)‘ In their study of European systems they found that the pre-frontal band'is

located on the ridge of a flat thickness field and has a quite different orientation

from that of the frontalﬁband.‘

t

2.5.2.3 Post-Frontal Cloud Band

This band does not seem to have been reic';ﬁed by other authors despite
its being a readily |dentvf|able distinct entity on satelllte images. The post-frontal band
| forms to ‘the rear of the frontal band it is parallel to the frontal band, and conforms
to lt in orlentatlon ar:d cyclonic curvature. The frontal band is usually associated with
- cold occluded frontal systerrx. The pes‘t-;frOntal‘ band merges with the frontal band in
the early stages of develczpmen’t it may be identified by its structural dafference For
example in anures 2.25 and 2.26 the post-frontal band is marked with the letter (F).
and the arrows ponnt out the dlfferent tranlmg edges Both (F} and (A) are of
comparable horizontal structure, but the vertrcal extents are diffetent. The satellite
‘irna'g"'es_»reveal that (F) is cemposed aof thinhigb Ievel.cleuds_mucb less in depth than
.the clouds.ef'béﬁd (A). |

]

The post-frontal band is not assocnated with an upper level shear field or a

-jet straam system. Moreover it does not have the fnbrous structure of Jet or shear
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Figur'e 2 23 1 24 April 1983 0000 GMT cuc 500 mb ana'lysis e |
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bands. The physical process b.ehind the formation of this band is not fully

understood but attempts were made to arrive to a tentative explanation by relating
V.co'nventional data to satellite data. Visible and infrared images provide the first clue
the post-frontal band obviously is different from the frontal band in vertical
structure. From the thickness field of 85t)/ 700 mb and 500/ 250 mb layers, one
may deduce that a post frontal band is associated with low-layer (850/ 700 mb)
thnckness rndge and an upper- Iayer (5007 250 mb) thickness tr0ugh These
relatlonshnpe may be examined by reference to the image of Figure 2.25 and the mab/
in Figure 2{.2‘.'?. 1. A full explanation of the formation of the post-frontal band is |

N

beyond the scope of the present study.

2524 Convergence Cloud Band

L

’

A convergence band is an old frontal band which has lost some of its

' characteri‘stic frontal parameters and‘has come under the control of a horiaontal

' convergehce field at upper levels Hailz! {1980) was the first to define and analyse |
the development process: of this band. Early recognition of-the band allows one to
make a better{estumate for its motion and developn‘lent The band has all the

% e
charactertstv-stof a frontal band except its curvature and wudth The curvature of the -

‘ .
A

* band becomes anticyclonic or zero, while its vwdth decreases and becomes more

uniform. Both edges ot' the band become sharpe I: trai!i’ng edge defined’

4 moetly clearly. .
Itis difficult to'identify a frontat band from a convergence band using

sateilite:data only, especially if the band is in a:transiti'onal stage. However the

L+ .

‘ mcorporatuon of both satelllte data and the ( estimated ) 500 mb convergence fuelds
. makes it possuble to rdentcfy the covergence band thures 2 27 and 2.28 show a

© case of transmon from frontal to convergence band where the band is marked w:th

L

ST

the Ietter (J) Flgure 2 27 is the final stage where(J) attamed the character of a_
convergance band whule anure 2. 28 shows an mtermedtlte stage “The synoptnc

‘e
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Figure 2.25 NOAA- 7 satellite 1mage. a) 1nfrared b) visible.
2316 GMT, 14 April 1983. |

.Figure 2“26 MAA =7 sato'llite imgo a) infrared b) visible |
, 23 GlT 27 June 1983



Figure 2.25.1 15 April 1983, 0000 GMT dashed lines:

thickness contours for the layer 850/700 mb, solid lineé:'
thickness contours for the layer 500/250 mb.:

?5 ure 2.26.1 28'dUﬁe 1983. dOOO“GMT dashéd.lings:,tﬁickness
cogtours.fortthe layer 850/700 mb, solid lines: thickness ‘
contours for the layer 500/259vmb.‘ S . o
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maps of Figures 2.27.1 and 2.28.1 correspond to the images in
Figures 2.27 and 2.28, respectively. From Figures 2.27 and 2.27.1 one may .
conclude that (J) came under increasing influence of the horizontal field-of

-

co‘nfluence, especially in the southern part of the band.

2.5.2.5 Orographic Cloud Band .
" The orographic cloud band satisfies synoptic-scale conditions énly partly.

The examples given in Figures 2.29 and 2.30 are marked with the letter (I). The band
. \ b . .

is very bright in the infrared and‘ver,y white in the visible image.. This band is shorter

than the other cloud bands, but since its other dlmensr‘ons are of synoptic scale, one
may consnder it also as a synoptuc band Examination of the limited number of cases
shows that the band is not part of a rotational or a thermal field, but rather under the
mfleence of an antncyclomc relative vorticity field, within an upper fidge or col In the
followmg example thures 2 29 and 2.28.1, the band (klies wnthln an area of
antlcyclonlc relatwe.vor y (the absolute vortucuty fleld |s dash-dotted}, an upper g
rndge and near zero thuckness gradnent-fg/eld In the second example Flgure 2.30 and .
2.30.1; the band-(l) is located within the domam of a col largely a r% ion of
anticyclonic relatlve vortnclty within a weak thermal nc{ge | .

Th:s.band seems to develop only in mountalnous reglons Smce the band is

Y

%ot, apparently associated w;th spec'fnc thermal or dynamucal fields, one may

.

_assume that its development is largely due to orographic lift.

2:5.2.6 Shaar Cloud Band o

ThIS is a very specnal pattern of cloud bands It was exammed and deﬂned by

Zyvatz-Melse and Hailzl in (1980- b) The band develops on the antlcyclomc srde ofa :

maxnmum-gradlent shear change This gradnent is well defmed in the Iayer 700/250

mb Thepenler and Gruette (1980) found sumnlar bands over Europe However theur R

mvestngatton of cloud formataon and development makes no refrence to upper-level

. LS
. .

v

“
.



F'i” 2.27 NOAA-7 satellite image, a) infrared. b) visible,
2316 GMT, 14 Apri1 1983. mege..a} Infrared, bl visible.

Figure 2,28 NOAA-T utomto 1-9- a) vmmo, 51 infrared,
1650 GMT, " 1343r {1 1983. LR RN



© Figure 3.27.1 15 xnll 1983, 0000 -GMT, GMC 500 nb_analysis,: o
: db Hnes thi S8 contours for thp layer 500/1000 mb. v



63

N

Figure 2.28.1 13 Apr11 1983, 1200-GMT, CMC ‘500 m' nalxsu;;r’.,

dashed 11nes thickness contours for' the layor 500 100

K .4
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Fi?ur'e 2.29 NOAA-8 satemte 1mage infrared, 0258 GMT, .10
y 1983. . “ - o

,-infrared, 1035 GMT, 03 |

'.,kv'
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Figure 2.29%1 10 July ‘1983, 0000 GMT, CMC’500 mb analysis,
~  dashed lines: thickness contours for the layer 500/1000 mb
dashed-dotted lines: absolute vorticity field ( *10-% s-'

u;: ‘." ‘, ﬂ | : Vig 7 A/. “9 550 lj'f/
..12.. /,..,J‘,j ’216.{5\ ‘ //

\ A~ AT

/Fi;h‘g 2.30.1°03 Apri1 1983, 0000 GMT, CMC 500 mb analysis,
" dashed.lines: thickness contours for the layer 500/1000 mb,
' dashed-dotted ines: absolute vorticity fieid (.»10-% s-'").
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meteorological parameters. ‘ . .. . -
In this study, similar band developments were found over the Pacific Ocean
and Western Canada. This band may have a north-south orientation or an east-west

extension. fxamples, of different cases are shown below. In each of the Figures

2.31, 2.32,and 2.40 the band is marked with the letter (G).
At first, these bands were mistakenly‘ interpreted as frontal bands. Figure

2.31 shows both a frontal band (A) and a shear band (G). The shear band is snmply not

an extension of (A). It is clearly a separate entity and often more intense fen (A). The

examination of Figure 2.31.b shows that the band (G) ls‘hngher and thicker than band

(A).'Yet in most cases, the advance and over-ride of (G) on (A) make it difficult to

distinguish between them Figures 2 32and 2.40 support this observatuon’ Band lG)

~

Sdvances and overtabes the old frontal band lA) and masks it'in the later stages
| i
This band is Of ¢ 4 very great length and may extand for thousandsvof b

"-

k:lometers specnally over oceans. It is also of cons:derable’ width, has an anticyclonic
curvatyre and is composed of mtddle and high clouds The traulmg edge is panallel to
the thermal wmd fleld‘of the layer 700/250 mb. In Flgure 2.32 the traulnng edge of -
Qi is parallel to the thermal wmd fueld of the Iayer 700/250 mb (dashed lines), and

merges w:th the jet axis near the head of the band.

» - . . .

25275 CoudBand -
This band satisfies only the horizontal dimensio‘n crlterion of synoptic cloud

systems, since its vertncal extent is ‘very small and its speed of propagatlon is very

R LY

" large. The jet band conslsts entlrely of hlgh clouds having a flbl’OUS structure o l
1 . ,‘Q BN s

"Accordmgly |t is rather awkward to classﬁy but since itis of synoptuc scale length

|t may be conStdered a synoptic cloud system , o
sl T N 1’ ‘. B
Exan‘\ples of this band are shown in Flgures 2.33, 2 34 and 2 36 where the

. band on every nmage rs marked withr the letter {H). The band is usually very narrow

%

and, in most cases not very dense as the case of 2 shear band. The hfe time of the

2
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o, arrows: jet. -

1200 GMT,  dashed 1ines:
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Figure 2.33.1 04 June 1983, 1200 GMT, CMC 250 mb analysis,

dashed lines: isotaches, arrows: jet stream.

o

';255 1

.

~dashid 1ines: iSotaches, arrows: jet stream.

Figure 2.34.1 06 June 1983, 1200 GMT, CHC 250 mb analysis, -

"‘-‘;- .
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gﬁﬁgis rather short, 2 days on the average.
2 .

. This cloud band can be found on the anticyclonic side of a jet axis.

Sométimes itis found alorie as in Figure 2. 34 or may merge wnh sheets of high

s
e

clouds as s in Figure 2.33. The band is always characterized with a weak anticyclonic

curvature. Conventionakand satellite data are often difficult to recong.il.e\when B

attempting to locate the jet system. This problem is shown in Figures 2.33 and

v

2.33.1 where the jet axis has a dif ferent grientation on the map from the jet band on
1 .
A

the image. In the other exam'ple, Figure 2.34, the jet band (H) is in alignment with the

jet axis on the map, Figure 2.34.1. Time differences in observation, errors in

analysis. and insufficient data over the ocean are likely reasons for dif ferences in the
. . et %

band location.

o
.

2.5.2.8 Non-Frontal Cloud Band . . <"

This subgrOup includes all other unspecified cloud bands. These bands satisfy

the horizontal synoptic-scale corfdition. but have not been subdivided furthgr at this
. : ’ °

stage. The flexibility inherent in the classifieation process allows these clouds to be

placed into the synoptic cloud classification even if not fully categorized to date.
I
Figures 2. 35 '2.37 are examples of these bands all marked with the letter

{0 They have different curvatures, e.g. in Figure 2.35,\ the band is curved

anticyclonically, while in Figure 2.37, it is curved cyclonically. All the examined Cas%s
- N . - ..

v . B
. - . : .

’ _,were clearly not associated with a jet system or a shear structure, yet, they all ook

" much like jet bands.

253

Vortex Cloud Group B T SRR ."’

A vortex cloud areais defined asa region of one or more spiral cloud bands of

- marked curvature and converge toward one common center of. revolution .

The vortex group includes three types of COId configurations (i the low-level

vortex (i) the upper level VOrtex and (m) the comma vortex All members of this group

.
-

-

e
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are dimensionally of synoptic-scale. although the comma configuration may not fully
satisfy all the conditions at the early stages of development. Different examples of. each
type will be given. ‘ ' o ' . 7o

One of the main dlffes‘ences between thlS group and the cloud band gr0up is the-:

\
radlus of curvdture: In this group the raduus of'0urvature ltes between 500 km at the upper

I|m|t and 200 km at the lower limit. This enables. one to dlstmgunsh between’ dlf?erent cloud
areag mt/thm the general classnfncatnon system For example in the case of extra- trop1cal

eyclones the vortex may merge with the frontal band, but, by consadermg thelr FGSPBCUVG’

»

characteristic curvatures one can rsolate both patterns from each other. ot

.

The vertlcal dlmensron of thns group ls of the order of 10 km However cloud

- areas in thls group may reachmgher levels than those m the, cloud band group ‘This is

“

because of the cumullfprm neture .of the cloud elements and thelr mténse convectuve
e, - .

development On the other hanclthe speed of propagatlon oaf sprral clouds is less than that
of the cloud band group Despits their great reserrblance joverall confugurauon the three

) 'types develop in very dlfferent ways This is true tor low-level vortex and upper level

wortex. . T T e
2531LowLevelVortex ) : e ”-.,

: 3'

SR Several examples of the low lEVBl vortex marked wuth the letter lB) are

i shown in. Frgures 2 21 2 22 2 31 and 2 32 ln each case the center of

‘convergence is well defmed and easuly ldentlflable ‘I’he vbrtex passes thmugh

) .varlous stages of its hfe cycle from a developmg small wave through growth and

!
- !

| matunty to ultumate dussnpatron anure 2, 2)1 shown earher provcdes an example of
‘<, x IR 2 R ac ‘

' the lncuplent Wave stage The wave bulges antlcyclonlcajb,' from the frontal band at

"rAl T areas marked wwth (B) m Frgures2 21 2, 23 and 2 32 are exampjes of the

mature stage whereas area lB) in Flgure 2. 31 is a case of dlSSlpetlng stage,

0

rons of a dry cold alr lthe blaelt cloud free

The vortex lS composed ef mtr X

stnp) Wlthln a molst warm air mass (the

v

Y e

. ‘Q

;
‘
‘

-

nse whlte bnght cloudness)‘ Thls,.anbe v

+



.readily seen in Figure 2‘.3 1. In Figure 2.32 the central par.t of the‘vortex, consisting -
* mainly of Cb clouds, is v—ery cold and very dense indicating extreme. veftica! 1 ‘
development. ( > | . L : " v
Itis di.‘f'fficult in the 'early’stages of development of a .l'ow.-level syno—pti’c )
system t>d|fferent|ate between the :/ortex cloud and an adj ;onmng band Care should .' ‘
be taken in calculatmg the radius of curvature of each cloud area On the other hand
f
in the dlsSlpatmg.stage the linkaga between the cloud band ahd the vortex breaks
‘down: In the late stages f fife cycle, "the vortex cloud area becomes fragmented and | ~,: :
| L

separated from the bane ed area. A good example for thls case is shown in Flgure o

231, : : =

2 5 3.2 Upper Level Vorteka , » { .

In this subgroup the overall cloud confnguratnon is sxmllar to that of a

»

low-level vortex. Moreover in the late stages of development lt lS very dnffucult to '-. :
dlfferentla\e between the two conflguratlons Thls |s the reason for markmg the

cloud area in this group with the letter (B8} as Well In Flgure 2,31 (Bl denotes a’

l0w level vortex, whule in Figure 2 38 B} denotes an upper-level vortex The use of L

-

both synoptnc and satelllte data us very necessary in ndentlfymg the vortex cloud type-.; -

)

1’ : More detalls ‘will be given in the subsequent chapters "-’-when dlscussmg the l":

‘/ development of the upper cold low system Other examples of upper Ievel vortex : *

" gre gnven in Flgures 2. 38 2. 39 and 2. 40 o .i_-».,f A

o .

There are several stages of development The fll’St IS the troughlng stage and -’" w

# the laat 6. decav Flgurei 29 qnd 2. 30 are examples foEL the flrst stage whlle: '_ Y

l ,'- anures 2«38 and 2. 39 ar*e good examples for the mature stage ln fngure 2 40 the =
o, vortex has reached the decay stage | g Av | R

Desplte the clese S|m|lar ‘tY in al'-‘Pearance between the low-level vortex and )

’

the upper-level vortex the physlcal proeess behlnd the devajopmenfns dlfferent ln "'

the upper-level vortex the monst warm anr ascends around a dry cold dome of aur

’
o3 N
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o

The result is the well shown vortex. The case of low-level vortex was described

before. The ctoud area vortex is mature and well developed. Its lifetime is longer

than that of a low-Jevel vortex. '
( : v . A . - — i ’ c K
2.5.3.3 Comma Cloud Pattern
1 -

This is the third vortex configuration in this group. The overall configuration
pattern is different from that in the other two cases. Examples of this case are
. shown in Flgures 2. 23 and 2.41, where the pattern is marked with the letter (D). As -
can be seen from all cases examlned. the center of. convergence IS not ldentlflable as

-\

"that in the case of alow-leyel vortex Rather, the pattern has a comma-like

conflguratlon Wlth a solid head

. The pattern may either form ina svmple conflguratlon e. g Flgure 2.23 or, ln

a complex contlguratlon, e.g. Figure 2.4 1:In t_he first case, the cornma patternis -

: R :fprmed in a cold area. such as behind a frontal system. In the seconcl,‘ﬁ it is formed

within.cold air but not assoclpted with any other ‘specifi‘c systems " “
Smce the pattern is made up malnly of .actixely convectnve cloud elements it,

‘forms most readlly over ocean areas The tail of a comma pattern stretchhes |
southwestward wnth respect to the head Slnce the comma may evolive at any stage :

,.i

. of development lt must be lncluded in the synoptlc classnflcatlon

s

2 5.4 chllular CIoud Group et
'ﬁ cellulan cloud area IS defmed asa dlscontlnuous expanse of clouds made up of

lnduvudual cumuhform cloud cells of varlable vertlcal thlckness thle the last two groups
have a well defmed horlzontal length the cellular group lacks the llnear character ln other
words, there lsono prefered honzontal extenslon for a cellular cloud area The group B
_ lnclﬁdes three types g0 the open pattern lul the closed pattern and i) the non-orgamzed
pattern The flrst two patterns havea geomegrlcal cohflguratlon regular or lrregular The

last pattern hasasmall unorgaaned c0nflguratlon ,_:5 o e

'_.,' ',/'

Do



.
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Other synoptic patterns may develop from any pattern in this,_group.' For example,
a com’ma-cl0ud pattern may develvop when a cellular cloud area comes under the effect of
a rotational fuel 6.g. Figure 2.23 (cloud area D). This is, also true for the non- orgamzed
pattern wherg the resultlng pattern wull be of synopt;c scale and not subsyrioptlc such as

the mesoscal convectlve complex descrll?sd by Maddox (198,0)/Tﬁ|s wull pe shown in
i ‘ \
detall in the action of "Non—Organlzed Pattern”

As 1o syrioptic charactenstlcs thls group satls,flesmost conditions the horlzontal
. dlmension extends from 1000 to 3000 km the vertlcal extent ‘varigs from 3 to more than

10 km A/ cellular cloud area persusts usually for five days but its speed of propagatlon is

very slow Slnce the group has no banded shape, it does not haVe 3 spec:fuc curvature, yet

lts cloud elements may ling up wnth a cyclonic or an antlcyclomc CUrvature accordlng to

the apphed fotational fleld

-

,-" In this group the mteractnon between synoptrc and subsynoptnc system is clear An

fper air flow (Synoptlc) mteracts with a convectlon process (meso-synoptlcl resultmg in
h

e cellular pattern For example if-an upper cold air mass, with pronounced subsudence
/ moves over, 3 warm ocean the convectlve actuvuty results in a cellular synoptlc pattern
Such an example is shown in Flgure 2 2‘I where the cold air flows cyclomcally over the

P.aclﬁc Oc.e_an, in the area marked).wlth c..

2. 5 4.1 Open Cellul __r,Eattern o

[

Fugures 2 21, 2 24 2 27 and 2. 28 show examples of the open cellular ;

-

_ -patternﬁtern is marked wnth the letter (C) The vertlcal development is greater L

5

Bt thns dtfference ln anure 2. 21 the cloud elements‘are whlte at lb) and brlght at lal

_'than that in closad cellular patterns Comparlson of Flgures 2, 2‘l W|th 2.24 shows -‘-:'-l :

\\'

\,



The cloud elements of the pattern may lune up ln)cyclomc curves e g Flgure '

2.21, orin stralght lines, as |n Flgurez 27 Usually these petterns fo’rm behmd cold o

frontal bands over water surfaces Moreover regular conflguratnons are n\ore hkely

-over sea than over land, wntl;/more persistence in the former case. " - S '-'\
G o o R
2.5.4.2 Closed Cellular Pattern - s
o f . B ) -

. Figure 2 24 shov\’s an example of the closed pattern marked also Vvlth the
letter 1C). The closed pattern lles wuthnn an area bounded by 40° N to 45° N and
125° W to 130° W The cloud elements of thls pattern are strato-cumulus
o . The physrcal process behmd the pattern development is. the ame as thﬁ in
, open cells The controlhng factors are: (l) the stability in the lower Iaver~ iy the N
vertrcal subsudence and (m) the wmd field in the Iower layer However |n ‘closed .
' cells,, the temperature dlfference between the surface and the lower-layer air is
smatl Thls lea'ds to more llmlted thlckness In the same tlme the low level wmd fneld ‘

; smears‘_o_ut_ the cloud confrguratnon.

2. 5. 4 3 Non-Orgamzed Rattern B : _

Thls pattern is dlfferent from the open and the closed patterns descnbe

A



The n‘on*organinzed pattern is different from the mesifscale convective
cornplexs pattern, described by Matidox (1980). Nevertheless, both may have a
simitar appearance and configuration in the\early‘stages of development. In time, a
non-organized pattern may develop i‘nto a synoptic comrna-;which rnay.,in turn, play ai :
significant role in the development of a synoptic storrn. n the case of mesoscale
'convective complexes, the pattern does not develop intc a comma configuration,

»» . but it may assume a circular or a linear pattern, of sub-synoptic scale.

\

. 2.5‘f>‘unlform Area Cloud Group

I’ PR

A cloud area with continuous, homogenous stratiform pattern and of ‘a uniform
th:ckness as def;ged asa umform cloud area. Typncal examples are extensrve areas of fog

a

v @ and stratus Asi in the case of the cellular group a umform c]oud area dogs npt have a

stretched ar, cwved shape “There are two types in, this group {i) the fog or stra_tus pattern

£ .o ALtk
' anii {ii) the mld leuel patterh An examunatron‘of the dvfferent ty;ﬁes shows that the vertrcal .t
b4 . - ¢ r LIS

Oent of cloud areas in t‘hrs grog:p is tmrted to a‘ thnckness of about 50D meters Yet, the ;

. I(» .
. . o, m &

" areal coverage and persrster}we mgtnme as such to allow one. to consrder the group as a o ( R .
= Syn::ptuc-scalé systerri“ . E . oo | oo | - ' o h S |
| Close exammﬁtmn of satellvte |mages in the-visible ang :'nfrared;eonables one tof P &

& - N - | .
rdentnfy such areas. Topographnoel features such as coast Ime’sand valleys help in L

outlmmg areas of fog and stratus patterns In the several cases exammed the conventuona’l
D . l . .
qata were of great help specually ovar land apg mnart’ duratuon patterns L'y

; o - . / ol t . v [ S ’
2 5 5 1 Fog or Stratus Cloud Pattern s

o

P

g Frgures 2 42 2 43 2. 44 and 2. 45 show se\A}ral ex,amples of fog and

L
<t stratus t|duds Such areas areemarked v?uth the letter (L Synoptuc cases of fog and

'r ¥ 'a

i} b stratus ere shown in Frgures 2 42 2 43 and 2. 44 whrle |n Flgure 2. 45 the arrow

,c

£ e go’rﬁts to a mesosoelpvcase of valley fog As can be seen from these ﬂgures fog or
."*rv._“i K N K [ o N

:»1'%" . " st tus is. rea,drly |dentaned from a satelhte |mage, specually in the VISIble range ln - .
v _:'\ . . i 5 o B < FA , o . S -
PR _;-c "c‘\', : ' v,,.‘.,..; y : '{,: ) FR } e e - v{ R
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Figures 2.43 and 2.44 the west coast delineates the eastern boundary of the

pattern, while arrows mark the sharp west boundary. Fog and stratus are not easily

distinguishable in the satellite images, but proper enhancement enables-one to

identify them, if one remembers t_hat ‘fog will be near-black in the infrared, while

St ~
i
KR

stratus will be dark gray. | CE . S

2.5.5:2 Mie-heyel Stratified Cloud Pattern

“This pattern has\the"same features as fo; or stratue, but it is light gfay in both
the infrared and vnsnble |mages Figures 2:22 and 2 32 ‘show twq examples of this
pattern The cloud areas marked wuth the letter (N) have a characteristic smooth, flat
btexture and sharp edges. The two patterns, shown, have formed in the cold air
’ behmd ; front;! system without acquiring a pronounced curvature. The structure and
characteristics of these patterns suggest that, they may be included in the ° Unnform

-¥

‘Cloud Area Group”.
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Figure 2.42 NOAA-8 satellite imaqa a) visible, .b) . infrared,
17 7an 13 August 1983. ot T

, 2. 43'm-s ummo m-g. a) vmb\o, b) mfnnd
7 T, 27 seei1 1983 B



Figre 2. a4 NOAA -6 satellite image a) visib\e. b) 1nfrarod
GMT, 24 May 1983. | o

| F'igure 2. 45 NOMA-8 satenm"'mao: a) visible, b) infrared, .
‘ 1717 GIT 21 Septeuber 1983 Lo \._j Lo



3. Cyclogenesls and Upper-Level Deveiopment -

3.1 Cyclogenesis . ' ’ -

'3.1.1 The definition Of Synoptic Cyclogenesis

% ‘ c £ )
The initiation of a cyclonic circulation and its subsequent development into a low

by

pressure area is referred to as cyclogenesis. From the Earth bound synoptic point of

view, cyclogenesis is the term applied to the process of formation of closed circulation at

L3 K"’/l

the surface, while from a.space-view of a satellite, cyclogenesis is seen as the initiation of

.

an enhanced cumuli-form pattern with cyclonic circulation and its subsequent development

. \ :
into a well-defined comma. Details and related processes will be considered later.

3.1.2 Early Studies S L L o ;
In dlscussmg the problem of development the 'basic idea concentrates and /'
. /’
revolves around the problem of how the sir. is removed from a COIumn of air. The germnnal

~idea came from Margules (1904) who stated that 'a small net d:vargencesor convergence
is a measure of the surface pressure chang,e " In 1 922 J B ;erknes and V. Solberg_ o
introduced theirearly "model ot low-level cyt:logenesis acco’rding‘fto 'which t.he
development of an unstable wave ona frontal surface resulted in the formatlon. of low
) pressure area The kunetac energy of development comes from the air mass dlfference

. across the surface:of dnsc‘:ontlnulty. In 1919 W.H. Dmes extended M‘argules_'vvorkvand

-0

mtroduced the ldea of atmosphernc compensatlon whmch requures that* dlvergence - O

. (convergence )in the Iower troposphere s compensated by convergence ( dlvergence ) |n_ S

’ ,f:the upper troposphere

Y

-




N dwergence

” N 4.
.

: 3.11.3'Divergence Theories ' Lo .

Y. . °
-

The problem of cyﬁlogenesus anracted the attentuon of s8v@ral notable scnentusts n
{4

the followed years ln 1939 R. Scherhag mtroduced what has come to beknown as the

‘ dlvetgence theory He postulated that the upper-ieval. dnvergence wnll produce 3 pressure

fall at the surface if notcompensated by'low-level con\rergence The net duvergence is
both a necessary and suffucnent condition. In 1944 J B,erknes and J Holmboe denvod an

equatlon whxch expresses the pressure tendenoy at any surface m terrns of net mass

F e
- .. e ° "’l e,

S . o v . . PEEE i - S -

S CL.or

Y N 'v,r . %] I-“

'where z represents the heught of some pressure |evel V ts the mean honzontal velJcaty

"'w is the vertncal speed and o is (Ae densny of the air. The above equatuon mducates how

I o .

v t"he preSsure tendenr:y at any level, is. 4 consequence of the nat hornzontal mass flux

< g

. 3 +
. - . ST 1S
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3 1 ‘4 Panern of Cyclogenesrs on atellite lm-ges R

en

o,

R cyclogenesus Basmg hrs work on GOES satelllte data he drstmgwshed four groups wmch

repr‘esent the mam bas:c types of cyclogenesus wnthout mcludmg any sub-synoptac

LI
9

T ' '

ir Vortex Cyclogenes:s

it ,



from thé'rnaximun’n wind speed at either the 250-mb or the 300-mb 5urfaces.‘~ln the
following figures, th:e jetNexis, which is in éirect association WithICyclogenesis, will be
hatched and marked by the ndmber 42). The four different cloud areas within the cloud
system will be denoted by the capital letters: (A). {B). (C) and (D). ; ) - \/'
»(li)-;rhe lVoﬁici\ty Comma, mark"e'd, tlvith the Ietter (B), is a comma-like shape of convective

. clouds,AuM Cb or towering Cu. (§) may lack the comma shape ln the early stages.
{ii)-The Baroclinic Cirrus DecK. marked wlth the latter (A), is a band-like shape of middle and
high “level clouds. When it develops, it has an anticyclonic curvature or S like pattern
especially in the late stages of development’ ’

| (iii-The Deformation Cirrus Deck, marked with the letter (C\l,‘ has a band-like shape but it is

thinner than the baroclinic vdeck (A'). 1t also has a streaky structure. it is found in multiple -

’

bands with an anticyclonic curvature. It exits in an area of mass convergence.
livi-The Circular Cellular Cloud Area, marked with the lstter (D). has, either, regular or
) wreguler organization of Iow'level convective clouds and often form in late stages.

The hlghest cornmon cloud area factor between all groups is the comma cloud

area, (B). S~
C

3. 1.4.1 Baroclinic-Zone CyclogeneSis
This is t'he least frequent type of cyclogenesis. It is the closest model‘ to the
well known classicel frontal weve model”. The developm‘ent process can be .
descrlbed in four phases In general itis characterlzed with a merldlonal troughmg |
of a Iarge amplltude Aand the upper- jet axis rour%ls the base of that troughmg without o
spllttlng. | | | | | '
Phase#l B .
S e ’{ ~ Flgure 3 1 shows the early stage of development where the cloud area (B) lS.
mesked by the cloud area (A) Also the northern edge of (A) counc:ldes with the old

I .

' 1et axls (1) The cloud area lF) whlch has not been descnbed before and” found in thls ‘

\\_/ )

| :_ grc)up isa frontal cloud band



S0
ES

Phase #2
] Figure 3.2 illustrates the second stage, whepé both cloud areas (A) and (F)
show marked anticyolonic curvature. The cloud area (B} develops into a comma-like

shape and moves further northward with respect to the cloud area {A). The old jet (1)
7 ‘ :

- advances eastward with a pronounced anticyclonic curvature, while jet (2} advances

' time (B) moves partnally out from the ploud area lA) Cloud area (A) coqtmues to <

toward the base of thetrough. Also shown is the position of the surface front. it

advances and moves with (B) to the northern edge of (A). '

Phase #3

At this stage, shown in Figure 3.3, the development reaches a profound .

-stageo The c¢loud area (B) develops vertically and expar\ds horizontally. At'the same

T

-

acqwre more antncycl0mc curvature and increases in area as well. Jet (1) moves very '

fast northeast-ward and 1et (2) advances around the base of the tilted trough. The

N Ry

' _collectlve motion of the system is eastward but is not the same for each cloud area,

the northern edge of (A).. *

e.g. (B) moves westward with respect to lA) This |s because (A)is faster %n (B)

Also, the frontal band ,(F) becomes more anticyclonically curved as it moves closer to

Phase#4

a4

This is*the m‘ature stage of 'development at which‘the cyclonic system

reaches its storm stage Frgure 3.4 shows thls phase The closed contours of the

\r

c:rculatlon show up at tha 500-mb Surface and?even at. hugher levels The fnrst sign’ of

'lC) appears at thvs stage Soon thereafter thns cloud area. reaehes the maxnmum

) 'development The old jet decays and the new jet controls the system development

.The layers of clouds wnll be stacked nearly vertncal as the system approaches phase

N

.;/



%
S

' Figure 3.2 The second stage Gf development. -
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 Figure 3.4 The fourth stage of development.

R |
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Phase #5 -
The system will reach this stage only if it is continually supported with
energy. This stage will then represent the final stage of developrnent, after which the

Y

pattern will not evolve, further, except for an increase in area. Figure 3.5 shows the

' rnain features at this stage.-One also notices for the first time the existencé of a new

movmg out from (A).

cloud area (D} and the amalgamatlon of (A) and (C) mto one cloud area. Meanwhlle B
¢ ) o
moves farther westward with respect to (A) usually separatlng completely and

~

'3.1.4.2 Split-Flow Cyclogenesns

a

Spllt flow cyclogenesns comprises the secohd most frequent type. It is very

close m\e well known "Upper- Cold Low model The main characterlstncs of the

N

flow at the 500-mb surface are well pronounced menduonal»troughmg and a splitting

jet stre'am".":l’he following figures will illustrate the different phases of this
development in detail. ;

Phase #1
in Figure 3.6, the flow shows a well defined troughing and the splltting of an
advancing jet into two streams. The first, jet (1), represent.s tﬁ? old and stronger jet, )

-~

while the Second jet l2l"represents Jhe| new one The triggering jpt tor development-‘

is jet (2); whlch advances toward the base of, the troughmg Cloud areas (C) and (B)

R

()

are the fnrst s:gns of development at thls stage ‘Often, (B) forms an enhanced :

cumuhform pattern rather than a comma-llke shape A closed carculatuon may show -

' up at the base of the extended troughmg at the 500 mb surface

rx

.

' Phase#z T TR STy

A dramatnc change happens at thrs stage The cloud area lBl develops very , &

rapldly and assumes a comma-llks shape of consuderable slze sometlmes referred

(R
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to as "naked enhanced C|Oud area (C) which has a marked anticyclonic curvature,

L
»

evolves and advances westward with respect to (B) The new jet(2) advances very

fast towards the base of the trough. At this point the flow begins to separate as the

1

lower part of the trough deepens and a-cut-off - closed circulation dévelops at the
v !

_base ot the trough. The head of (B} moves farther northward and to the cyclonic side

of the jet axis |2). Figure 3.7 shows the different ¢loud areas. .
.

Phase #3

~

This stage represents the "adolescent” stage of develooment, whesre the d
Q ) -

cloud area (A) appears for first-time and partly covers the tail of (B). The cloud area
. - . : 7 ’

~ (C) advances westward and approaches the head of (B). Cloud area (B) evolves, .

attams a well- deflned shape and moves on farther to the cyclonic side of jet (2).

‘ F:gure 3.8 shows this stage of development and the dlfferent cloud areas. The

overall cloud pattern increases in area and becomes better defmed But the
low-level features of flow e.g. at the 850~mb surface areiill defmed and show

great variability. The new jet (2) continues to advance‘ aroundThe base and to the

eastern side of the trough.

.3

Phase #4

“ This is the mature stage of split-flow cy'clogenesis._ On synoptic maps, the

" closed c'irculation shows up at all levels from the surface tothe 300-mlq level. All

~

‘cloud areas (A) B, (C) and (Dl become well- defmed as can be seen in Flgure 3. 9

The cloud shleld spreads over a IarQe area The overall conflguratlon is almost the .

14

same as in baroclmlc cyclogeneSns system The smface features become orgamzed ,

Q

S and well defmed One lmportant pomt lS that"c' ;ud areas (A) and (Bl are not

o

"extensnons of aach other but two separate overlappmg cloud areas . e V

~ <
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Figure 3.5 The last stage of development.

Figure 3.6 The first stage of split-flow cyclogenesis.

L

B
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o 3.;1\.4 3 Cold-Air Vortex Cyclogenesis : . ' .

- governed by a confluerﬂ pattern rather than a splitting pattern The f~ollowmg figures

"Phase#l : e Lo LA

advance and becomes parallel to the old jet (1)

- 1shows the detalls

- / . - - Kl
Cold air kortex and mducfed ~wave i’yclogenesys (to be described) are the N
'most common m chamsms of cyclogenesgs They are often found over ocean areas

L]

esp%cnally over the North Atlantle and the North-Paclfuc Cold air Cyclogenesrs has

- been defined. lately by others le g- Reed 1979) under the name Polar air stream-

cyc%genesns In this type. a new dlstlnc; cyclone forms behind an old baroclmuc

'
frontal zone and produces |ts own c|rculat|on gattern The overall conflguratlon is

‘v

\

will lllustrate the dlfferent phases of cyclogenesns

R
¥*. .

- o ~ : "
. - ) a

Flgure 3 10 shows: the first stage of development The system (A") :s"an pld

. jbaroclmlc system wnth an ola ;et axis (1) on its northern edge. The- new system forms
. in the cOId air behmd the oId system wuth awea cloud area (B} and a weII defmed

. ,'cloud area (A) A new ;et 2 advan,ces between (A) and (Bl and. merges wzth t.he old ;et -

1) as seen in Flgure 3 lO it should also be noted that the new ;et approaches the

- base of’ the trough Wthh is of moderate arnplltude The new ;et continues to

v
f‘

Phase #2

' Whtle the old system persnsts the new system contlnues to develop Ther .

cloud area B becomes a COmma like shape and moves further to the cyclonlc snde o

: of jet l2l Cloud area (Al grows and extends zonally wath amarked. antncyclomc

4,. .

; . uﬁature Jet 2) advances eastward and moves very close to ;et . anure 3 11 o

RN .

.-.'.
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_ F1gupe 31@ The fﬁ_i.psvt, " stageofcold-airvortexcyclogenesis e

N

LI -t



. Figure 3.12 The third stage of development.

. v
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Phase #3 .
L - <
In Figure 3.12, the new system approaches the storm stage and, in the same

time, it is completely separated from the old system which begins to weaken
considerably. The cloud area (B) moves away from (A) whtch masks only the tail of (B)

, and the frqntal band. The new jet(2) advances crosses (B). and moves to the eastern h
side of the trough The old jetis stnll unt‘:hanged and nearly parallel to the new
sy5tem. D : T .

T

Phase #4° -

Thus phase 1S well shown in anure 3 13 whereﬂ th.e storrn stage of the new
| system can be seen very ciearly The new s\:st\em has fully deve’loped and us now
well separated f”rom the old and weaker system The dafferent cloud areas (A) (B)
and () are seen and the taul ef (B) extends southward as a frontal band At thns stage
the new system is the domsnant one : ’ :: S

3 1. 4 4 !nduced~Wave,Cyclogenesns ; . o .

k3 'The mduced wave cyclogenesns has a!most the same features and phases as




a baroclmuc area has weakened conSlderably

side of a new advancing jét (2) Jet (2) approaches ;et ll) ina, confluent conflguratlon

and merges with it at this stage of development Sometlmes the new ;et does not

merge wuth the oid but stays parallel to it. Also the cloud area (B) may appear at thls e

stage in advance of (A).

Phase #2 e TR L

°

This phase is quite dlfferent from phase #2 of the cold alr vortex mode.
Figure 3.15 shows how the cloud areas (Al and- (Bl evolve and move toward the old

o He

-

system which begins to conform to the new advancnng System

Phase #3

At this stage of development the cloud area lBl develops and becomes a
well defined comma, whlle the two }et axes merge mto one system and no b

: double ;et structure ensues. In Flgure 3 16 for the sake of clarlty both Jet axes are

shown in close proxlmlty Meanwhlle the mlddle area of the cloud area lA l the old

- ool
e

.:‘.Phase#“ - : R _':‘L.L’f- S

Thls is the last stage of cyclogenes:s, where the new system attalns maturlty

and all cloud areas are fully formed ln anure 3 17 the tall of (B) moves under the

: old barocllnlc zone lA ) tQ form a lambda-llke shape Only one Jet system IS left rather . ‘

- than two The old berocllnlc zone (A lbreaks down lnto t,wo parts ‘The advancung
_‘ part of lA l moves faster than the trallung part whlch decays qunckly Thls may be
mnsmterpreted as the "adolescent stage of the "Barocllﬁlc Zone Cyclogenesns"

o reglme, lf its hlstory of development is not traced and exammed carefully - . .

Ay
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: ‘Figqre 3f13 Thé;ﬂés

-

1

BEe

stagg_b?fcélﬂéair“Vbrték cyclogenesis.

PR S P

F\gur?e 3.14 The first stage of 1nduced Wa-\% cyclogenesis.
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gure 3.16 The third stage of devlopment.
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Figure 3.18 Contour confluence is cue to southerly warm flow
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3.2 Diffluence-Conflusnce And Jet Stresms °-
3.2 Co'nfluonce-lefluance

J. Namiss and P. Clapo (1949) found that: - Confluenca resuits most commonly

where ] stream of warm midtropo-spheric air fro the south curves antlcyclomcally

~gradually flowing beside a cold cyclowcally curvad stream from the north". ThlS is
‘illustrated schematically in Figure 3 18, wha_ria confluence results in mernononal
' temperature gradient intensi_fication. and dif fluénce'leads’. to Weakeﬂing of the thermal
gradient. In oth‘ r word_s, conﬁuenCeoconcenb‘étes the availeble energy into anarrow .
- stream, where vth)l‘ow attains lts mexintum speed,'while dif fluence has the reverse - -
effect. - | - 4
ln‘ 1956 °S. Pett'erssen"eXarnined the problem of confluence and dif fluence in more

detail. A stream is sand to be confluent if the streamlmes converge toward a common axis,

say in the dtrectlon of the geostrophuc wind and it is dlffluent if the streamlines dlverge

from the. common axis of the flow Care should be taken here since confluence does not

‘ l‘lB_CBSS&fﬂy umply mass convergence, and vice vorsa'. Also Petterssen showed that ~°
‘az'z'“_'r e | sy

<

. -

where z is thehelght of an lsobaruc surface Kn is the curvatureof the gradnent of
I

‘ contours somat:mes called the orthogonal curvature of the contours K is. thus a

,measure of the confluence or dcffluence e. .g- regmns of x >0 are called confluent and

~
. \

' reguons where K <0 are sald to ba dlﬁluent. Flgure 3.19 ﬂlustrates this for fOur dufferent

l: cases of flow Now the geostrophac wmd component in the x-dnrectuon is guven by

A
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Figure 3 19 thferent possible f'low patterns and
assoc1ated orthogonal radius of curvature for ea pattern
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.where g is the acceleration of gravity and f is the Coriolis parameter. Substituting in (3.2)

results in

- - gdz o (3.4)

x in the direction of the contour lines and y in the direction perpendicular and to the

ieft of the contours one obtains

— = K_u | S o , . ' o '(3.5)‘

.where s measures the distance along the contour lines, From the last equation, confluence

is obtained by measuring the “variation' of the deostrophic wind along the contour lines.

3.2.2 Jet Stream And Cyclogenesis

3.2.2.1 Definition
Jet stréam is a fast narrow current concentrated along a quasi-horizontal axis

in the upper troposphere and lowaer stratosphere, charact'erized by strong vertical

“.

and lateral wind shears It is typically- thousands of kllometers in Iength hundreds of

.8

kulorneters in wudth and several kllometers in depth The vertlcal shear is ‘of order 10

.

- m/ sec. per km and the lateral shear is of the order 10 m/ sec . per 100 km The -

' arbutrary Iower lnrmt of wmd speed along its axis is taken to be 30-m/ sec..

- '.

3.2.2. 2 Early Studles

Jet streams were furst encountered by hngh-flynng palots in the Second World

Nt
War Wlth the subsequent development of ]Gt ‘stream theory in the lale Fortaes and

A

: vFlftIGS it became known that maxlmum c.yclomc vortucnty (ﬂ IS Iocated to the north

of the jet axns and rmmmum cyclomc vort:cuty {0)is Iocated to gwe south of the ;et

»
.
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axis. This is shown in Figure 3.20. adapted from Reiter (1963).
N . :
The vorticity equation for a quasi-geostrophic frictionless flow canbe
written as.

1 3¢ . . -
—;—f[ + V- V(c+f)] = -0 - v\ - (3.6)

Lol

.where ¢ is the relative vor.tiAcity as defin‘ed before. where V is the horizontat
velocity, and f is the. Coriolis parameter. From the apove equation, one finds that the -
air masses flowing through this pattern ( Figure 3.20) exp‘erien_ce divergence in the
region of po'sitive vorticity' advection, i.e. in the lefvt front quadrant L] ofie jet
maximum Similarly for the other regions, one gets the distribution of divergence
and convergence shown in Flgure 3. 20. In the above example only.the shear term of

e -

vortICIty is conmdered But when both the shear and curvature terms contnbute to

I

the vortuc:ty, ome finds the pattern shown in Figure 3.21.
Accordsng to the polar front theory the perturbatuon component in the- wmd

field, actung normal to the frontal surface, causes a deformatuon of the tront whach
» ampl«f:es through the stage of awave. dnsturbance into. a cycione But the polar front .
theory contams a contraductnon Assume that near the ground a pertu?batuon Y
'_ component has deVeloped |n the flow of warm atr wh:ch snmates the format:on of a

: warm sector Thls perturbatuon would cause the warm alr mass to move agemst the
o :cold acr forrmng an mdentatnon toward the cold s:de of the frontal surface Thns |

i -process would result m a pressure rise.. On the other hend c‘yclogenesls is

- 'charactenzed by pressure falfs Hence. the pressure rise whlch us to be expected | S

o from the cOnvergence of ffow would counteract the pressure fall Thss would have

e dampmg effect on development and favour frontolysns ln the real atmosphere, the

.F

' ’development of a cyctomc vortex s’ always wnth surface pressure falls JEERL
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v — STREAMLUINES
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~ -— 2&SCLUTE VORTICUTY

thure 3. 20 Jet- str'eam upper»-level mOde] and the assdc1ated

g low level development (adapted from Retter

1963) .

(mw | (cou)”

f,'.FmUr'e 3 21 Different mode‘ls o; u;,aper level flow L
1954 _ -

T-f,.;.pat terns (adapted from R 1eh1
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. 5T N ) ~ '
-One is forced therefore to the conclusion that the cyciogenetic mechanism of
. ‘ s LN ' ‘ v o ?
pressure falls is'caused by processes at high levels\ Thus cyqlogenests depends on -

a baroclmlc structure in which the wind field is a functlon of height. Low-level

convergence is superumposed by upper- level dlvergence Wthh attains maximum
values in jet stream regnons Thus the upper dlvergence whlch occurs in the Ieft
forward and in the rlght rear quadrant of a jet, brmgs about the pressure fall in the |

lower troposphere Wthh in turn, is a prerequlslte for low-level convergance and

>

Cyclogenesls. Whether c.yclogenesus actually ocgurs’ depends on several . o
- circumstances which may not all be fulfilled every time. Therefore, not every jet
stream generates a cyglone, but @very cyclone is associated with a jet stream .

In 18953, Rieh! and Tey;eles examined _the relationship betwaen jet streamsA :

and upper cold: cyt:loc_";_enesis. In addition to the m.eehanism'descri’bed above,
‘strong cyclogenesis trEQuently fallows the appearance of an elongated and nearly

usolated cold dome aloft best seen at 500 mb surrounded by an advancing ;et axls .

Tere
B

‘ at the 300- mb surface ’llt addition, the thermal structure at the 500- mhsurface is

such as to produce a streng thermal gradlent in the area of Ilkely development on
. the south southwest svde of the cold dome Cyclonlc development at the ground

does not occur methe mtense frontal zone but surpr(smgly far down stream Qlt lS S

thus not poss:ble to consuder development to occur w:thm the zone of strongest

-

e barochmclty When Ruehl and Teweles l1953) examnned the cold dome they found its v
= veloclty to be practlcally the same as that of the w|nd vector at lts center They also |

" noted that the cold dome risea. throutlJh "hé dlfferent stages °f development as B

[

L conﬂrmed by vertlcal cross sectlons and the hortzontal area mcrease of the dome

e Moreever they regard the down stream propagatlon qf the advancmg 1et as a lunk

A e

. between the cold dome and the cyclone format:on
;& _.n',“_ .




3 3 Petterssen 8 Model of Upper-Level Development
The theorettcal and synoptuc analysis of cyclone development carraed out by

Petterssen and collaborators (1955, 1956 and 197 1) has led to the well-known
hypothesis that: "Cyclone development at low levels commences when and where an area '
+ .

v of positive vorticity advection in the upper tropo'sphere (normally'on' the forward side of .
an _advanclng troughl) begins to spread over an area of warm advegtion (or near-abs_e:nce of
cold advection) in the lower troposphere". The ekperimental‘te'sting of the hypothevsi's has
yaelded good results. Nevertheless and specially for cases over Europe other

‘observations suggest the exustence of a cyclogenestlc mechamsm whlch does not stnctly

' fit the famous hypothesis. - : S R | /

In 1971, Petterssen and Smebye introduced modifications, based on analyzed
) , ’ _ :
cases of a characteristic upper-level flows. The purpose of their study was to investigate

storm development and the sources of energy necessary to augment the available

¢ ) . s

potential energy. .

,-'

3. 3‘1 Petterssen Smebye Hypothesis
Cyclone development commences when a pre-existing upper trough wrth strong

posutuve vortaclty advectnon on tts forward snde spreads over lowéléveé}a @a of warm

'advectlon (or'near-absence of cold advectlonl in which fronts may or mayv not be present’.-_
Synoptic development is nmtlated through a. finite dynamtc dtsturbance in the. upper

,/ (h
troposphere and mtensufles dué to lmportatlon of kinetic energy from the jet-stream.

' reglon Ceses not assocnated wuth fronts are pure upper-level cyclones whereas those -~ :

-
h .

assoctated with surface fronts are modlfued upper Ievel cyclones P IR

"The dnstance of separatlon between the upper trough and the surface low

decreases very rapndly dunng cyclone mtensufucatron The amount of posmve vortlcuty
advectuon is very Iarge at the onset of development and decreases toward the time of |

peak mtenslty The amount of warm advectnon is lmt,ually small but mcreases as the cyclone
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. ‘mtensnfaes The fmal structure of the upper level low looks llke the occluded stage of a

low level cyclone e

3 3 2 An Example of a Pure Case of Upper Level Cyclogenesls

Flgure 3 22 shows the mltral stage where a deep cut off low ns centred over
Q

: southern Cal:fomla The posntlve vortnclty advectlon on the forward snde of the trough (not

. ‘.shown) is small At the surface a large antrcyclone dommates the area of likely -

© 3 24 where the new posmve vortlcuty centre came around the base of the cut~off trough. L "

development and the l*l marks the centre.of the surface low
) in Flgure 3 23 the cut-off remanns almost statlonary and an advancmg short wave,

from the Gulf of Alaska approaches the old trough The net result is shown in Flgure

. As a result 3 large area of strong posmve vortnclty advectlon has formed on the- eastern

o

s:de of the trough Meanwhlle a large fleld of warm advectlon has formed in the same_

f ._area (not shown in Flgure 3 24) as well asa surface cyclone marked wuth . Flgure 3 25

B shows the next stage where the Cut-off low reaches its maximum development and the

l surface low centre l*l approachs the upper troughlng centre Thereafter the posmve

e vortncnty advectron dlmlnlshes conslderably whlle the warm advectuon lncreases slowly

Petterssen and Smebye used two approaches to mvestlgate the baroclmlcuty wuthm

A

:j'the storm area referred to ?s the thlckness and the energy approach Flgure 3. 26

‘ suggests that tha expected development w0uld take place wnthm a barotroplc area As the B

mdlcates the pOSSlble tlme and area of low- level develOpment larea of maxumum negatlve '
‘ ::'barometnc tendency) The frontal anaIysns wrthln the area of lmpendmg cyclogenesns '

_‘shows that the surface front is very. shallow Comparfson between anures 3. 26 and 3 27

cyclone matured 3 barocllmc field of moderate mtenslty develops in the Iower ‘

.

troposphere as seen in Flgures 3 28 and 3. 29

ln the klnetlc eneregy approach the total klnetlc energy over tha area of concern

from the surface up to 1 OO-mb level,is calculated durlng the hfe tlme of the storm

a . s
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" 002, DEC. 18,1967 _—" T~/
_icONTOURY OF S00MB SURFACE /- ‘]
: 2 VAR e N .

! Figure 3. 225;:;‘500.-'-’nb chart,

adapted from Petterssen

- and Smebye (1971). -

-

R

_/ 002, DEC. 17,1967

- r ~a_ — : OQZ;ZDEC. L° 1'9'6;_7 Hb‘,

~ Figure 3.23 500-mb chart, . h B

adapted from Petterssen -
and Smebye (1971).-. = - .=

~./7

" Figure 3.24 500-mb chart,
~ adapted from Petterssen
andSmebye (1971). “

. S

Figure 3.25 500-mb chart,

PR | )

. adapted from Petterssen - . S
~and Smebye (1971). -

e 397 otcu 1557""".""'. o
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'g-Fxgure 3. 26 IsaTlobaric

- analysis, adapted from .

R Petterssen ‘and - Smebye
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‘ﬁFigure 3 28 hi (ness.:
;;analgsis for;thg.1ayer
. -850/500:mb, adapt;dlﬁ.
;vPettenssentaj‘; /¢
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Figure 3. 27 Thickness
‘analysis for the .layer .
850/500. mb, adapted ‘from
Petterssen and Smebye ‘
(1971)

aye

s e I
i

850/500 mb, adaptéd om
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Figure 3.30 shows the general features, where the system has a minimum value, at all
levels on Dec. 16th (the time of. development onset), and a maximum value on Dec. 18th
{the time ofi maximum develo'pment).' Comparison of Figures 3.31 and 3.32 shows the
importance of the vertical export of kinetic energy. Figure 3.32 also shows that the
export o‘f kinetic energy from the top layer (400-100 mb)_exceeds that developed in the
lower layer (700-400 mb). In other words, cyclone development took place at the

. ‘expense of baroclinicity within ‘thev jet stream ragion rather than vat the expense of surface

front baraclinicity.

3.3.3 An Example of a Modified ‘C.ase of Upper-Level Cyclogenesis’ .

Flgures G 33-3.36 show the different stages o d‘evelopment where l'tl marks the
surface low centre. In Figure 3.33, a well- developed upper tr0ugh is shown ovpr Texas
whlle on the suﬁrface a small wavedlsturbance has been initiated. ln Figures 3.34-3.36. the
elongated trough shows contlnued deepemng as it moved southeast ward furst then
northeast-ward awhere it weakened. A large amount of posatlve vortlcrty advectlon (not
shown) has spread over an area of low-level warm advectlon in the vncmty of prospective -

Qchclogenesm Thereafter a surface cyclone developed Twenty four hours later {Figure :

v 3. 36) the approadh of anew short wave led to the demise of the flrst system |

ln the sequence of Flgures 3. 37 3. 40 the general structure of the lower .
troposph#f 850 500 mb) in the area of development was highly baroclmuc as can be

»

R _-seen from the thnckness analysls The barocllnlclty was strong from the begmmng and
lncreased as the storm developed The mode of the onset of development and the

' baroclnnlc structure suggest the exlstence of an upper level system whnle the surface

~ frontal structure suggests a low Ievel development Petteressen and Smebye consrdered .
' thls as a new mode of development mltlated by a modlfled upper level low

Flgure 3.41, which corresponds to Flgure 3 30 in the pure case shows a

. maximum value of kmetlc energy at the tlme of development onset whlch thereafter
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~ Figure 3.33 500~mb char't " Figure 3.34 500-mb chart,
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decreases and reaches a minimum value at the time of decay. Subsequently, it increases

< ,
again with the approach of the <ﬁew system. The energy distribution was similar for all

-

layers except in the lowest layer {surface-700 mb). Comparison of Figures 3.42 and 3.43
shows again the importance of the vertical traﬁsport of kinetic énergy. One’ should note
- that the downward export of kinetic energy, from the top layer {400-100 mb). became
less than that in the pure case, while the kinetic energy, for the layer (700-400 mb). has

“increased. This 'supports the hypothesis that low-level development took placegt the

expense of upper-level baroclinicity as well as the low-level baroclinicity of tri‘e_,.surface

front.

3.4 Zwatz-Meise’s Model of Upper-Level Lows
In 1972, Zwatz-Meise introduced a mode! of development for upper-level lows.

"base? on satellite and conventional data. The model is based on data from the

Mediterranean Sea and Southeast Europe. The different stages of de‘velorment*are
discussed in relation to the topo_grap.hy' of the éOO-mb sufface, the su(fd,ée pressure aﬁd
the sfabili‘ty"index; | »

- By. observing the cloud con?iguratiOn ‘o}'cut-off systems;'cloud areaé‘caﬁ be
m‘onit_ored,‘One sthld alwayé be aware of the various sources of error, when correlating
dif ferent paréhétek§ with either sétellite-déta 6r'surf;ce réporté. Qne‘ source of error, no'f‘
to be unde‘resbtirﬁawted.‘ |s the ffme 'di.ffevrence'betWGehA the sbur‘c'es'of data used. A second
soﬁrce is the lih’iﬁti¢n of .th‘e'dété' available, e.g. the use of fhe"gebs_tr‘bphic,ré‘lat‘ivé o
vorticity .‘tbo apprvox'im;at"e ‘th:e_ r'éiétivejvdfti:city field. | b |
- Sr‘iow_allter‘lh}(‘:!ex_ (S Was u_sed. fqr_ t_hé én_alysié of stab‘i,li‘tyvconditi_-cjms. This ir_\dex vis.
defined as: o L | - o |

Sl= T T
where T'is the aﬁituél temperéture at the 500-mb surface and T- is the temperature of an
air parcel lifted adiabatically from the 850-mb surface to the S'OVQ-mb-Ievel. .
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‘The index provides information about possible convective activities as follows:

-For SI > +3°C, stable conditions are expected.
-For 0°C< SI < +3°C, unstable conditions and probable showers are expected.
-For -3°C< SI < 0°C, unstable conditions and thundershowers are expected.

-For SI <-3°C. unstable conditions and heavy thunderstorms are expected.
. : ,

One should be careful in areas of surface fronts or low-level inversion, since the index
- A Y

may be subjected to error ||l<e any other pr%\ostnc device
Zwatz Meise's mode! was based on four upper-level cyclone cases, two durlng -
Winter. one in Spring and one in Fall. Winter cases show very dnstmct cut-of f lows,

whereas Sprlng and Fall cases lack deflnltlve conflguratlon The modetincludes five stages .
- i
of development iy the trough stage {ii) the pinch-off stage, (ii) the. sillto/ff;tage {ivithe °

>

o cut off stage and (v) the decay stage

lr
Lasdl'r

3.4./ 1 The Trough Stage

Flgure 3.44 shows the different cloud areas and their posntaons wnth respect to the

v

' Vflow at the 500- mb level. Two main cloud areas can.be detected at thls early stage. The

first is an old band marked with the’ letter lFl and the second COl‘lSlStS of new developung

- convectlve clouds marked wuth the letter (B) Band {F)is an old frontal band stratlform

formed thhm a southerly flow of warm air. The band is separated from the cloud area (Bl
and has no effect on lt 4B) consnsts of broken cumullform cells of different sizes. lB)

. occupy the central reglon of the upper~cold trough (Ll, The formatlon of (B) is due to a.

- Aflow of cold aur over ”area (L) lt resembles the decay stage of an extra-tropncal
"cyclone S , c | . h - | |
The surface low denot ad by (l*) ’prelcedes the upper centre (Ll on the southeast ‘

snde Flgure 3 44 shows also t\ﬁ surface from wnth an mcnpuent wave The upper ﬂow

" : s‘hows the troughmg stage_, wher_e the_trough is elon‘gat_ed southward wnth respect to the'

. . T
Y SN .
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main westerly current. A closed circulation may form at the base of the tr0ugh as shown in
Figure 3.44. ' _ o | - |

In Figurga3.44. the dashed contour encircles an area with Sl less than 3L ie. an
unstable area and with shower probablllty When the system reaches this stage weather’
observers usually report showers and thundershowers Sometimes. however.
discrepancies may arise between the stabnlrty index analysis and surface repopts because

of time dlffer'ences,- insufficient data coverage. short-term frontal movements and similar .
. o . . " .
meso-scale changes: o ' ' \ S . .

——

3.4.2 The Pinch-Off Stage'

In this stage the two main cloud areas continue to develop. as shown in Figure
3.45. The cloud area (F) breaks down into two or more parts. The whole cloud area (F)
moves east-ward from (B). The cloud area (B)'incr'eas'es in size and thiCkness,- especially n

its eastern part, and becomes more orgamzed The regular shape of the pattern is a

°

reflection of the upper-level vortncuty fleld ' . . f.

The elongated trough punches off at nts neck as mdncated by the solud arrows
pointing inward. More closed crrcu!atuon may show P at the base of the trough The
surface low (*) approaches the centre of (L) The surface front decays and the frontal

_l

.-

wave dlsappears

. P

In Figure-3. 45 the. stabmty mdex contour shtfts northwand wnthout mugch change

Surfaca reports may again show thunder actnwty wrthm the eastern part of (B)

%
».( f

©3.43The Split Off Stage =
The spht-off stage is shown m anure 346 wuth the dnfferent cloud areas as
marked before The cloud area (F) decays consrderably and moves away from (B) ln the e

~meant|me (B) attalns a comma-hke shape wsth pronounced thnckness and apparent size. It ns

centered on the southeast sector of (L) On the central and western part of (L) a new cloud



e
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area (D) develops for the first time. It is composed 'of open and closed cellular elements of
considelrabl_e“size_, Theoverall configuration of (B) and.{D) shows an organized pattern of
circular‘ or el‘litlc\a %ape. Both, (B and (D), are isolated from any other patterns and have_a
\ : , . e
~ well- defmed‘boundary | |

The pinch- off opens up again, as mdlcated in anure 3.46 by the Solld arrows
pOmtmg outward No more closed c:rculatlons form at the base of the trough The surface '
low (" approaches from (L) whlle the surface front contmues to decay.

In Fugure 3.46, Sl mdlcates the pOSSIblllty of showers wnthm the 3° C contour. On -
. th"e other hand, surface reports may indicate thundershowers.wuthm the 1° C contour, .
speciallv: over the head‘o(,fllB). | - .

3.4.4 The Cut-Off Stage , \\‘ o .‘ } . .
Thisisa very |mportant stage\l‘n the hfe hlstory of the system anure 3.47 shows

.+ the dlfferent cloud areas and thelr relatsor\to the upper flow The. overall cloud pattern B

confuguratlon attams a cnrcular shape and mO{IeS further eastward with' roespect to the

centre (L) New cloud areas form whnle (Fl vamehes compl’etely (B) develops vertncally and |

. _moves to the northeast sector of lL) A new cloud\area (Cy o‘)‘.\spnral shape forms in the

- L.

‘ northerly flow on the rear side of the elongated trot; Another c10ud area lA~) develops .
on the northeast snde of (L) It has a stratlform structur ut s of l\esser thlckness than (C)
‘The persnstence of both (B) and (Cl depends on the mtens‘lty of the co\d air- dome The

_ weak cloud a \aa (Dl contmues to move toward the centre o? \(L) uts size. and structure

N 'depend on the cold air dome mtenslty and the type of underlymg surface (water-land) For

T e

" :'4.example an lrregular pattern mdlcates a weak cloud area v
The neck of the elongated up | -trough contmues to open up (anure 3 47) and

'the closed c:rculatlon weakens and b? ms to cut~off from the maun no?\thern current The

Dk

: completely
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The outer stability contour in.Figure 3.47 lndicates stable conditions, yet, it

encloses an area of dense cloud cover with possible shower activity.

r“‘
S“

345 The Decay Stage -
- This last stage has few regular features and may vary consnderably from one case
to another. But common to all are the cloud areas (B) and (D), as shown in Figure 3. 48 ®
decays and lcses its comma shape as it decreases in size and thlckness it moves to the
northwest slde of (L) wnth its tall pomtmg northward The cloud area D) becomes more and
o _,more lrregular whlle alf other cloud areas dlsappear Both (Bl and lD) are no longer due to ;
synoptic alr flow but are Iargely mamtalned by SubsynOptlc-scale processes |
In Flgure 3. 48 the surface centre moves further away from the upper centre L.
‘ The mld tropospherlc cu'culatlon penetrates to lower Ievels whereas lt weakens aloft The
. influence of the’ upper c:lrculatnon dlmmlshes whlle that of the low lavel mcreases
V R | Showalter mdex yields good results at th;s stage The entire area enclosed by the

‘a

stablllty contour ( Flgure 3.48 ) mdlcates shower actnv:ty conflrmed by Surface reports. -

‘
.

The close match between the cloud confuguratlon and Sloboundary lS due to the stablhty of

o

‘the mmsture fleld whereas inthe early stages of development the, motsture fueld was

hlghly varla\\ble " o R “;_}'_'. e SRS

AR

. 3a, 6 Summary ‘and General Remerks e ‘.-' | -

Arrupper-level cyclone lS a splral system whlch develops m the mlddle and uppa‘ |

: _*’troposphere. lt has no correspondlng low-pressure system at lower levels in. the early

‘-‘*_stages of develépment ln the late stages, vortexogenesls propagates downward_,_and may

'_;‘lead to the formatlon of a surf ',ce low The upper cold am supenmpose' the cyclomc

: System such that the temperature in the central area lS l" wer than that m the surroundm s

o ln general upper-cold Iows tend to be steered in the di ,ctton of the low-level flow as _

i ,'_t

observed on the 850-mb surface. l
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)

‘Figure 3.44 The troughing stage, solid lines: 50C-mb »
- contours, dashed line: stability index, F: frontal band, B:
,‘}_conma"deve_'loped. area and *: surface Tow c'ent_r-e. '

Figure 3.45 The pinching-off stage, solid lines: 500-mb
. contours, dashed line: stability index, F: frontal band, B:
~-comma. developed area and *: surface low centre. o

-



128

Figure 3.46 The splitting-off stage, solid lines: 500-mo
contours, dashed lines: stability index,; F: frontal band, B:
comma developed area, D: cellular ctoud area, and *: surface

low centre.

Figure 3.47 The clt-off stage, solid lines: 500-mb contours, _
dashed lines:-stability index, B: comma developed area, D:. - .

" cellular cloud.area, A and C : stratiformcloud area, and *:
surface low centre. . ) co
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|
~ "
Figure 3:48 {he deécay stage, solid lines: 500-mb°cont00rs

dashed line:tstability index, B: comma developed area, D:
cellular cloud area, and *: surface iow centre.




4. Upper-Level Low Case Studies

4.1 Introduction y
Actual case studie_s of upper-level cyclogenesis and development will be presented
ln this chapter. The discussion will concentrate on the main features. Examples of pure and *
‘modified upper-level low ‘ca'ses- will be discussed.cl?’ure and modified cases were defined |
by Petterssen and Smebye (197 1) as development without.and with low-level frontal
systems, respectively. In pur'e or modified cases, the low-level frontal development was’
not readily dicernahle on a satellite image. | |
The cases are illustrated with satellite images ( visible and infrared ) and synoptic
maps l500-mb and. 85Q-mb su.rfaces) of scale 1:20,000,000 On the\ satellite umages the
cloud areas are labelled as follows: (A) marks the baroclinic clrrus deck. (B} the vorticity
comma, {C) denotes the deformationcirrus deck and_f (D) the cellular cloud area. These
different cloud argas were defined before in Chapter 3. under section "Pattern of
Cyclogenesis on Satellite Images ". | |
At the 500-mb surface, the solid isopieths are the height contours" in 60 gpm -
intervals. Dashed nsopleths represent the thickness contours for the layer 500/ 1000 mb :
at 60 gpm intervals. Dashed dotted contours deflne the absolute vortlcuty fleld at 2X10°%
“s°! intervals, ‘with the numerncal values enclosed Wlthnn squares. “The arrows mdlcate the jet
streams at the 250- m; surface Open arrows, marked with (2), denote the advancmg
newly-developed jet. whnle solid arrows marked wnthll) are for the old- decaymg jet On _
- the: 850-mb maps the sohd lsopleths are the henght contours m 60 gpm intervals, whlle
“the dashed lines are the nsotherms in B¢ C mtervals The frontal analysls is shown by means

-

of conven,tlonal‘symbols_v. b . Lo
in theanalysi;s of an -upper-leVelloW satellite data were used to identify both the.

-

initial and subsequent stages of development The formatuon of the cloud area lBl was -

’taken as the first slgn of upper cold low cyclogenesls ln synoptlc analysls and dlagnosus

7

128
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weakening of a cloud system is of particular interest as the initiation
process. There are\three possible sources for cloud pattern development: strengthening,
no change, and weakening:For the sake of simplicity "strengthening” and "no change” were

considered as one class, the reason bying that a developing cloud system can be effective

even when unchanging. Moreover, cloudpattern development depends on several

‘parameters, such as: (i) the sharpness of the cloud area ed:ges, {ii} the grey scale changes

on the infrared imape (cloud top temperature),.liii) the spatial expansion, and (iv) the change
of the cloud area configuration The tirst two parameters were analysed only with ’
difficuity and varnous degrees of uncertainty, But they provcde a good estimate of the
vertucal actlvuty of cloud area (B). On the other hand the last two parameters, (iii) and (lv)
were eesaly analysed. Agarn for the sake of snmphcnty the development of the cloud area
(B) was considered as an mdncator for the development of the whole system. The reason
for this choice is that (B) is a common cloud area present in all cases, from strong to waeak.
The degree of sharpness of acloud area edge is defined as the.degree of contrast

between the cloud area body and the ad;ommg cloud-free area. such that the contrast isa

measure of cloud develepment i.e. the hugher the contrast the more active the cloud

. mass. The grey soale change is defmed as the rate of lncrease in area of the cloud-top

temperé[;‘re deteCted ohan. enhanced infrared image. The configuration parameter' is'

L .

defmed as the charactenstlc cnrculatlon of a cloud area. For (B) it is the cyclomc splralllng

. while for (A) and (C.it is the antucyclomc circulation. Fq,nally the spatlal expans«on

parameter is. defuned as the horlzontal enlargement of a cloud area ln practlce thls means

that changes nn-cloud area are a useful anddlrect measure of dev.elopm_ent, _l.B. the more

3

S o
“the i mcrease in area, the more extenslve cloud development o ;‘ '

ln cons»dermg the cloud pattern development of an upper cold-low, a comblnatlon
of md;vndu“al changes durung a 12- hour perlod and a 24 hour perlod was consldered Thus ’
|f acloud system weakens wuthm 12 hour and 24—hour pernods the system is consudered

to be weakemng otherwnse itis conszdered to. be strengthemng



130

, THe examiﬁation of the diffgfent cases of cold-low cloud systems (pure or

. modif"ied) showed that, they may be classified as strong. moderate, and weak: A system is
said to be strong if the cloud pattern attains the storm stage configuration at one stage
during |ts llfetnme A system is considersd !’roderate if it Has, at least, a cloud area (B) of

{
well-defined-comma shape. Finally. a system is considered weak if it fails to develop a

defined comma-shaped cloud area, regardiess of any other cloud areas that may be

present.
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4.2 Case #1

This case took place in the period from 0000 GMT, 10 May 1983»to 1200 GM.I\_

14 May 1983. It represents strong upper system development where all cloud areas (A, B,

C.and D) were present at one stage of development. Figures 4.1-4.29 showthe ~ T

.sequential -stages ofl development. The map scale, for all charts used, is 1:20,000,000

| except for Fugures 4.9 and 4.19. The values of vortlclty are in-units of lO ; st

An upper system developed over central Nevada, moved NE-ward and decayed

' over Northeastern Ontario. This is an example of a modified case. where a low'-level
system (shown on synoptic maps only) masked the early stages until ittook‘ over in the late
stage of development. The upper system developed within a cold region without any ‘

' Iow-level warm air intrusion. It was initiated and developed within an area of cyclonic.
vo‘rticlty (greater than or equal to 16) but without appreciable positl‘ve vortlcity advection
(PVA)."On the Other hand the positive thermal advection was presen_t along“th'e periphery

- of the cloud pattern. | ‘

Starting wlth the satellite |mage of Flgure 4.1, the flrst sngn of- formatlon is the

, appearan'ce of an upper system over central Nevada and ldaho The overall pattern has a
- regular eIIlpsoldal conflguratuon Cloud areas (A) (B), and (C) have formed at this early

stage Companson of the vas:ble (a) and the mfrared (b) i |mages shows the degree of .

r

~ activity of (B) whlch has attamed a cyclome corculatuon and is located wuthm the. vorttcutv

B contour lg The cloud area (C) is more developed than (A), although both are stratnform |
.sheels of clouds W|th|n antlcyclomc flow not mvolvmg any jet streams On the other hand

. lA) is hot assocrated with the Iow-level frontal system and there is no sngn of warm air

. lntruslon asina typlcal low-level cyclogenes:s Flgure 4. 2 shows the correspondmg
SOO-mb flow. A major trough over the Western Prames shearmg off southward and

- ‘,formmg an elongated and pOSlthBly tllted trough A weak closed clrculatlon and a cold

e thermal pool are embedded w1thln a closed posmve vortlclty cnrculatlon over Nevada A

= .‘new 1et (2) west of the trough is advancmg toward ltS base whule an old jet (1) is movmg
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NE-ward toward Hudson Bay. On the 850-mb surface (Figure 4.3).. a weak trough,
extending over Nevada, contains a frontal system which is not seen on the satellite image.
B) lay northwest of the frontal systemt‘ |
- Twelve hours later (Figures 4.4 and 4.5), (A) and {C) weakened while (B) did not. The |
whole pattern moved NE-ward. According to the development assumption, stated above,
the system was strengthening. (B) moved closer to the'steep thickness gradient and
remained within the cyclonic vorticity isopleth greater than 16. Figure 4.5 shows an
increas’e in the cloud top height. At 500-mb level (Figure 4.6) a’pinching-off is in progress
at the neck of the trough The upper flow has become symmaetrical and a closed curCUIatuon
| has formed. in the mid- troposphere No changes occurred in the VOFthlty or thermal field.
The vorticity analysis did not reveal any P‘VA near (B), while a weak positive thermal |
advection (PTA) existed north of (B). Jet (2) continued advancing southward. while jet (1)
_ moved fu’rther NE-ward without change. The 850-mb surface (l=igure 4.7) shows a double
system of fronts without corresponding frontal bands as can be seen in o |
anures44and45 o L | o |
Later (in anures 4.8 and 4.9), (BY developed horlzontally as well as vertlcally and
attained a comma shape whlle (A) decayed From Figures 4 8 and 4 10 one should note
‘ that (B) is located within the cyclonuc circulation area and not the PTA area. One can also
' note the f:rst sngn of the formatlon of.cloud area (D) southwestward of B). | |
‘In thure 4 10, the trough neck has opened up. the cold pbol advanced southward and jet
© (2) has wrapbped |tself around the base of the trough. ln Flgure 4.1 l the frontal system has[»
. ) LIS
mOVed away from (B) whtle the cold anr behlnd the second front dug southward and
centered over the actlvnty area. At thls stage ‘the flow at the 500 mb surface shows no.
' v,sngn of closed cnrculatlon Flgure 4 9 was used to support anure 4 8 because of the tlme
: dufference ' ‘ | . ; ‘ \
. , . o Fugure 4. 12 shows the system development at the next stage The upper system ‘ '-_

has attamed the storm conﬂguratuon and moved slowly NE-ward ln Flgure 4. l3 the upper
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fow has deepened and reached the cut-off stage. The vorticity field did not change, while "
the therrnal field continued to spread 's'g:thward. The PTA area was not associated with
the cloud area (B) which remained within vorticity contour 16 and the ¢old thermal area. Jet
(2) has moved completely to the easte(n side of the trough as seen in Figure'ﬁ. 13. The
low-lavel flow, shown in Figure 4.14, has reversed and a closed thermal contour has
formed horth of (B) but wnthout producmg a closed wind circulation. i

In F:gures 4.15 and 4 16 the upper system has passed its r:qumum intensity and
- weakened over the areaof (B). The cloud pattern has spread over a larger drea but is no
longer undergoing vartical development. Again and a‘g:cording to the development
assumptlon the cloud pattern is cosidered to be strengthenmg The cloud area (B} is
_located within cyclomc vorticity nsopleth greater than 16 In Figure 4.19, the cloud band
that extendg-over the tail of (B) is not part of the storm configuration. ;;he whole cloud
pattern has taken on the appe'arance of an occluded‘l‘low-level system, rln Figure 4.17, the
: Sbo-mb low has conti,nued moving NE-ward and stopped. deepening, as revealed bi/ the ~
?ew‘er closed contours. Jot (v2) has-a'dv,ance“d‘nonhward and bent over anticyclonically. The
low-tevel system (Figur-e 4.18) approached the u;?per system while the cold air area has
expanded and Centered over (B) | L
. ‘; Twelve hours Iater Fxgure 4 19 shows contmual weakenlnp of the cloud pattern
: (B) has weakened consuderably and becameo fragmented Accordmgly the system is now,‘
consndered weakemng At the same, time, (C) has weakened and moved away from B8). The
s shear band [(¢] (descnbed in Chapter 3) overrode the pattern to forma Iambda shape \— /
. The mld-level flow: (F:gure 4 20) shows consuderable fllhng and wnthout any closed
.ﬂ'cnrculatton Jet (2) has moved farther northward and acquured antlcyclomc curvature |

Agam B)i is Iocated'wnhm a vortlcnty rsopleth 16 but is not affected by the area of PVA' '

] or PTA On the 850 mb surface (F:gure 4 2 1) the Iow-level cwculatlon is now belowﬂe

i ‘o,

- upper-level system The cold a»r secton has opened up and the low-level cwculatnon is now |

.fullyestabhshed I e e R \\'
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The next Figures 4.22 - 4.23 show how the cloud pattern. and the associated mid

and low-level flow decayed rapidly. In Figure 4.22 the cloud pattern is still organized and
circular. (B} is under the influencé §f cyclonic vorticity greater than 16. In Figure 4.27 the
systém lost its configura_ti'on and (B) has dissipated. In Figure 4.24. the 500-mb flow no
longer has a“closed circul‘ation. but a trough has been re-esfablished and jet (2) has moved
completely NE-ward. In Figure 4.25, the low-level cichIatiBn has reacﬁed it; peak intensity
and the axis of the storm vortex is now c;ose to vertical. Figures 4.26 and 4.27 show the
complete decay of the cloud configuration. At this stage. it is hard tosindicate the centré
A - ’

of activity. Figures 4.28 and 4.29 show the upper and low-leve! circulation during the final

stage of dissipation.
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solid lines:height contours, dashed Tines: thickness
~ fleld (500/1000 mb), dash-dotted: sbsolute vorticity

(x10-% =1} and arrows:. jet stream (250 xb), -
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?ur'e 4 3 CMC 850 ub ana'lysis, 11 May 1983 0000 GMT
id Hnes heid\t contours dashed H 1sotherms
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I;'VTF re 4 6 The same as in Fiqurc 4:2 exoeptfop'n May
985' 1200 GMT. ARSENG R S
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Figure 4 7 The same as 1n Figure 4.3 exoept for 11 May '
1983 1200 GMT.. o
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Fi‘ re 4.8 NOAA-7 .saten'ite imaqe'. a)' visib'le b) infrared
(210 auT. 11 May 1983
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Figure 4.9 GOES-E satel'lita image. 100, W, visible, - | o -
0001 GHT, 12 May 1983, 0. We visible,.- o

‘- i F iéure 4 12 NOAA 7 satellite imago SR
o frar'ad 1102 GMT, 12 May 1983
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Figure 4.10 The same as in Figure 4.2 except for 12 May
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”; Figure 4 11 The same as in Figure 4 3 except for- 12 May |
' 1983 0000 GdT , ] R




145

Fggur-e 4 13 The same as 1n Figure 4 2 exoept for 12 May

,1200 GMT Sie A
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Figu
1983

re 4 14 The same as 1n Figure 4 3 except for 12 May
12OOGMT RS
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f 'TF ggure 4 17 The same asinFigure42exoeptfop13May
1 - 0000 GMT e AT T
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'Fi re 4 18 The same
0000 GMT
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" Figure 4.27 The same }as in Figure 4.3 except. for 13 May
1983, 1200 GMT: - /¢ R oo T
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Et' re 4. 23 NOBASE mmo m-o-,‘ a) visible b) infr'ared
ur i llay 1
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Figure 4.24 The same. as in Figure 4.2 except for 14 May -
1983, 0000 GMT. -~ - - gu Eas cep ror ey
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re 4 25 The same as 1n Fi pe ,4'_.'3" -e);-‘i tf 1 Ma
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© Figure 4.26 NOMA-7 satellite image, . - & .
., infrared, 1038 GMT, 14 May 1983." . -

L
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' Figure 4.28 The Same as in Figure 4.2 except for 14 May =~
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" Figure 4,29 The same as in Figure 4.3 except for 14 May .
1983, 1200 GMT. T T T ey T
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4.3 Case "2 “-[ L L ‘- | - R
This is another example of strong development. The system was active off the

Coast and over BritiSh Columbia during the period from 1200 GMT, 22 June 1983

to 000 GMT 26 June 1983 The upper system development was that of apure cold

{low. Lee yclogenesrs over Albertain thq late stages occurred mdependently of the upper

SUbsequently' maintained itself within vorticity area greater'than 14.No |
;- appreciable PV, or PTA was related to (B)‘?ormation This is different-from some other
‘ cases where B development took place within cyclqnlc VOl’tIClty areas greater than 16. In

tbeﬁ’early stages conventional data indicate an upper low development whlch was not
N B r- ' . , »
ewdent in the satelllte images (Frgures 4-.32-4.38).,-Th|s shows the need for using satellite
’ . . '-‘ . . ’,
data in connectlon with conventlonal data. ¢

.

anures 4.30, 4. 34 and 4.38 show a typncal upper-level development A 500 mb

trough ;ust off and parallel to B. C. coast has dug southeastward pmched off at the neck

and formed a closed cnrculatlon west of Vancouver lsland A new jet l2) advanced towards ST
y .

- the base of trough wrapped around and moved onto the eastern srde of the trough The ,(
E old jet (1 moved rapldly eastward and merged wnth the main westerly stream The thermal

'structure and the VOI’thlty fleld supported thrs Ah upper cold pool and a cyclomc cell of

l

‘vortnclty form the eore of ”e closed wmd clrculatron On the other hand (Flgures 4. 31
&;'..' <
4. 35 and 4 39) a closed olroulatron has propagated downward with regular confuguratlon

1
0"

'f'andclosed |sotherm _ ‘,' L

»

v

: ‘ R
v On the satelllte |mages lFrgures 4, 32 4 33 and 4 37) the cloud pattern drd not
. ) S » ‘ .
'-attalnany organlzed conflguratron lA) developed on the SE-srde of the trough Several

:cloud areas w:th (Bl characterlstncs ha‘Ve formed and deoayed before reachmg the comma |
shape (B) development durmg that perlod occurred wrthm a cyclomc vortlcrty area of .

_A-V"value greater than 14
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Figure 4.40 marks a new phase of development. By 0202 GMT. 24 June 1983,

the upper system initiated anew cloud area (B), vertically developed and of 8 considerable '

| size and comma-shaped. Another cloud area (A) developed and masked most o_t (B} except
for its head. (A) was associatad with a 'jet stream, shown in Figur!e 4.41. B) was located
with.i—n a vorticity centre greater than 16, without.any PVA-or PTA near by The Séo-mb '
f low (Figure 4.41), a typlcal elongated trough is centred ;ust south of Vancouver island
with ;etAZ) on the eastern side. In Fugure 4.42 no closed circulation is present at the
850-tevel while the Iow~level system moved onshore and slowly NE—ward

. Twelve hours later anure 4, 43 the 500-mb low has moved onshore andis

centred over WesterwWashington.vNo change hds otcurred in the-contour or vorticity

-

- cirgulation, but the th.er_m'al field has inteneified. Jet’ (2) has moved rapidly through tge

* downstream ridge. Figure 4.44 shows very little change in the low-level flow except that =

, the frontal system has moved farther from the upper low area. The wmd fneld over: central

B.C..is weakly cyclomc wnthout an |nner circulation. Flgure 4 45 depncts anew cloud area

(C) which covers most of B). The whole pattern is considered to be mtensufymg .
,' By 2‘2 15 GMT 24 June 1983, the system hap matured/ Al the cloud areas have

5 developed and merged mto one pattern The overall pattern assumes storm conflguratlon

as it reaches its rnaxnmum lntensny ln Frgures 4 47 and 4. 48 the synoptnc cnrculatuon . _ -
' underwent httle change The tralhng edge of the clo%a Bris now located wuthln a
vorttg:lty contour greater than 14 In Flgure 4 47 jet. 12 has mo\zed further Nvaard and the

system has ceased to deepen On the. 850-mb surface (anure 4. 48) no closed contour T

[

.\a» .% N

B o|rculat10n has yet been establlshed whrle the frontal system moved NE—ward

Twelve hOurs Iater (Flgure"4.49l the upper pattern dld not change, appreclably, (Al

D&

';nerged wrth (B) s ta:l and (D) weakened consnderably Also |n Fugure 4. 49 the upper

pattern is qunte drstmct from the lee cyclone whlch has developed over Alberta The olo(ud

' area lBl Wes agann Iocated wuthm a cyclomc vortucaty area greater than 14 wuth no evndence
2!"

of PVA or P«TA In Flgure 4 50 the 500~mb closed contour pattern and the cold core have

~
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opened up while the VOrtIClty field has shifted eastward On ‘the 850~ mb surface
» lFlgure 45 ‘l) no closed circulation exists and no cold air sector develops The fronta!
‘ system assocuated wnh the lee cyclogenesns has moved farther eastward
Figures 4. 52 4.55 show the ‘continual detenoratvon of the upper system The
. cloud pattern has weakened considerably, specially (B}, while the mid and low-level flow
have deoayed completely. : |

P



f-Figure 4.30 The same as in Figure 4.2 except for 22 Jun
©01983,7 12000 GMT. 0 Ty
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Figur'e 4.33 1 NOAA- R sateHite 1mage. a) visible b) infrared,
2240 GMT 22 June 1983 :
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Figure 4.34 The same as in Figure 4.2 except for 23 June
- 1983, 0000 GMT. - e " : '

Y < . . . R ‘ B e



| Figure q. 35 The same as in F\gure 4 3 exoept for 23 dune
1983 0000 GMT.
O
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re 4. 36 NOAA 7 satellite image
nfrarod 1236 GMT 23 ‘June 1983

re 4.37 NOAA-B satellite imag

Tnfrared, 1614 GNT, 23 June 1! 3. e
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Figure 4.38 The same as in Figure 4.2 except for 23 June

1883, 1200 GMT. - \
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Figure 4 39 The same as in Figure 4“3 except for 23 dune
1983 1200 GMT. S , RRALES
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o e e - : - ,2/
F re 4. 41 The - same as in Figure 4 2 except for 24 dune o
3 0000 GMT o ‘ e

«?'



-Figure 4 42 The same as in Figure 4..
’_“1983 0000 GMT . s

[
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Figure 4, 44 The same as 1n Figur'e 4 ; except for 24 duno
1983. 1200 GMT ‘ . _

- . »
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, b) infrared,
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Fiq.me 4.47 Tha samg as, in Figur*e 4 2 exoept for 25 June
r:,,1983 ,QQOO GAT . e o .
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' Figure 4.48 The same as in Figure 4.3 .except fSr 25 June
1983, 0000 GMT. =~ R S
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Figuro 4 49 NOAA 7 satenite image. a) visib‘le. b) infrared
f~1211 Gﬂ 25 June 1983. .
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, = o
.50 The same-as in Figure 4.2 except for June -
00 GMT. T TR D e 25 Jun

b
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re 4.51 The same as in Figure 4.3 except for 25 June

1200 GMT.

- Fi
1
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F1gur-e 4 52 NOAA 7 satellhte image, a) visib1e}. b) 1nfrar'ed-
- 2203 GMT 25 dune 1983 : . -
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re 4.53 The same
, 0000 GMT.

as in Figure 4.2 except for 26 June p

oo
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'F'i'gure 4.54 The same as n Figure 4.3 ex t f
1983, 0000 GMT. o | oep for28 dm
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4.4 Case #3

This is a pure case of moderate upper-level development, where the overall cloud’

~ pattern has failed to reach the storm stage. even though a well-defined comma h\as{ormed
: ’ AN

~

during the pattern’s lifetime. Figures 4.56 - 4.73 depict the dif ferent phases of N

' development Satellite images were superior to synoptnc maps. since they revealed the -
location and degree of activity, whereas the maps provcded very little. pertrnent

'mformatlo_n. In the period from 0000 GMT, 16 August 1883 to 0000 GMT, 18 August
1983, an upper‘system formed over 60° N/ 150° W (see Figure 4.56), ‘moved SE-ward

and decayed over northern Alberta (Flgure 4.73). The system evolved within an uppeggcold

S

\

air mass without the presence of Iow level warm air mtrusn/ou_Jt\should be noted that no
pronounced troughing or plnchlng off occured at the 505*mb I/'el and fl’aat the weak
contour circulation (Figures 4.56 and 4.59) did not propagate to lower levels, as-in the
.case of typical upper-level development The cloud area (B), however was associated with
a cycloq: vorticity areafgreater than 16. On the 850-mb surface (Figures 4.57 and 4._69) a
weak, northeasterly f—l]o'w is seen tovlvcros‘s the.Gulf of Alaska. An incipient frontal system is
‘present on both maps. but no. cl?:msed_'co?ttour circulation exists. Figures 4.58 and 4.61
'show the'"cloud‘ pattern,vvhic:h has moved slowly SE-v’vard. lB).is stjll loca:ted w_ithin a"
W

vorhcnty area greateqthan 16. ' : . , N

¥ M

A few hours later: (Flgure 4.62), B) has evolved into a comma, (tfl’has decaye‘ﬁ and

loud area (A) has formed near B). anure 4.65 support the cont:usng evql\'lR)
‘:where a new cloud area (D) has formed as well. On the 500:mb surface (hlg’uf; 4 63)“ the
E elongated troughlng has pinched-off at the neck.- ;et (2) continued advancmg SE-v:ard and
passed the trough base wnthout turnung to the eastern slde In Flgure 4. 64 the frontal .
system has moved southward and the cold air deepened SE-warcle N
Twelve hours later Figure 4.66, the mid- level flow has weakened consuderably

except in the short wave trough over Northeastern B.C.. the vortlclty curculatlon has

: -decreased and jet (2) moved farther SE-ward On the 850-mb surface the thermal cold

r'y
o

P SR T : " R . : . . %
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p)

ridge continued digging SE-ward. The area of activity (Figure 4.68) was covered with cold
air ffqrﬁ the 850-mb level to beyond 500-mb level. In Figure 4.68 the cloud area (A)

vanished, and (B} continued non-changing, but the vorticity and the thermal fields showed

no PVA or PTA near (B). ' , T |

' The upper pattern continued moving eastward without much change as seen in

Figures 4.69 and 4.72. (B) shrank in area but was still convectively active (Figure 4.69). .

]

Figures 4.70 and 4.7 1 show how ,t"he Gpper system in the filling stage, no closed

. circullation exists and the vorticity field weakens. Figuré 4.73 depicts the terminal stage

of the upper system with only cloud areas (C) and (D) remaining.

. )
N

-~
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'Figure 4.56 The same as in Figure 4.2 except for 16 August
1983, o000 Gmv. - - . T -
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R re 4. 57 The same as in FiQ’JNB a. 3 °"°°pt for 16 August

_'1 3, oooo GMT.
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8 St ',*.-.'132 : Y . r ~+1
Ny A T W & N sl T -
FA pe 4.59 The same as in- Figure 4.2 except:for 16 August
1983, 1200 GMT. "~ = | AR o




e _ 195

Figure 4.60 The same as in Figure 4.3 except for 16 August
1983, 1200 GMT
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. Figum a.62 NOAA-7 satemte imgo et vislble. b) 1nfnud
‘2315 G!T 16 Auq.lst 1983 B ; , |

&
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*_-F re4631‘hesameasinFi re42 '
' 3 0000 GJIT ‘ qu exoept for 17 August
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re &.66 The same as in Figure 4.2 except for 17 August |
1200 GJT , _ u ‘ o
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y

' Figure a. 67 The same as in Figur-e 4, 3 except for 17 August
1983, 1200 GMT. )
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-'r-"i'gure 4. 68 NOAA’ 8'”satenite image. a) visible, b) infrand ¢
v}1630 GNT, 7 August 1983 : ,

1
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iqure s -89 s , image, &) visible, b) infrared,



Figure 4.70 The same as in Eigure 4.2 except for 18 August .
1983, 0000 GMT. e _
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 Figure 4.72 NOAA-8_satellite fmage,
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4.5 Case #4

This case is a second example of moderate development. The cloud pattern
{Figures 4.78 and 4.82) resembles that of a storm but (B) did not gain a distinct comma
shape. It is rather a modefied case where development took place at all levels at the same
time. The system developed over the same area as Case #3 and also followed a’similar
track during the period from 1200 GM'l, 18 August 1983 to 0000 GMT. 21 August .
1883. The flow at low andhlgh levels was better defined, while the jet stream track
differed from that of a typical case of upper-le\;el development._Several cloud areas (B)

were initiated (see Figure 4.77) before one succeeded in developing later into a significant

-comma. Two other points should be noted: the ¢loud pattern was initiated and developed

\\
~4

within a cold cyclonic vorticity area, and the cloud area (D) evolved into a distinct comma in
the late stage (see Figures 4.81, 4.82 and 4.85).

The onset of formation can best be seen in Figure 4.69. Over an area centered at

o

60° N/ 150° W, convective clouds developed. Looking at the mid-level pattern in
Figures 4.76 - 4.77 and taking the system motion into consideration one will notice the
qunck transformatton of the cumuliform clouds into a quasn storm cloud pattern within
about twelve hours. Meanwhlle the- synoptnc maps (Flgures 4.70, 4 71,4774 and 4 79)
reveal a similar change. On the 500-mb surface (Figures 4.70 and 4.74) the mid-level
trough dug Sw- ward and pmched off at the nack of the trough, while jet (2) advanced
. towards the trough base. On t:e 850-mb level lFugures 4 71and4.74) a closed cwculatnon
has formed and a frontal system has approached the same area. In Figure 4.77., {B) has
developed within a vortlclty area greater than 16

. Later in Figure 4.78, the cloud pattern has well developed wnth all cloud areas (Al
(B).-(Cland (D} present, although B) has not evolved mto a dlstmct comma. This |s emdent
from the examination of F:gure 4.78 and comparuson of the visible and the enhanced

.infrared |mages Figure 4 81 supports the development process Consndermg the time

difference between Flgure_s 4.8 and 4.79, (B} is located within a cyclomc vorticity area
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greater than 16, whereas, (A) and the tail of (B) are in a region of PVA. In Figure 4.79, a
. v .

closed circulation has formed while jet (2) moved further SE-ward. On the 850-mb
surface (Figure 4.80) the low has deepened gradually and a cold air sector formed as well.

Twelve hours later (Figure 4.82), the cloud paftern has lost its tight and
welll-defined configuration, but has regained it again by 1547 GMT (Figure 4.85).
According to the development ass'umbtidn, the system was still str-engthenihg. éloud area_
{B) was under the influence of PVA and wi?hin tﬁe vorticity contour greater than 14.th the
500-mb surface (Figure 4.83), the trough and jet (2) moved eéstv;/.;srd as f.ﬁe formaily -
closed circulation opened up at t'he neck of the trough. Infigure 4.84, the Iow_—leygl »
circulation has also passed its maximum intensity and the closed circulation has given way
toa .broad trough. A |

The cloud pattern coﬁtinued ﬁoving NE-ward withéut significant chan.g‘e, -
{see Figures 4.86 and 4.89). Only (D} has weakened considerably and be?‘:orﬁe detached
from the main cloud pattarr;. (B) was still considered strengthening. Examination of
Figl:res 4.87 and 4.88 'show_s’ tﬁat the upper and~loyv-’level fiow has nO.\N weakened and
closed circulations no longer exist at an;/ level. | | _

| ‘The synoptic rﬁaps in Figures 4.90, 4.91,‘4..92 aﬁd‘4.93 debict the vcb‘:"n‘t"inualvfjllling

~ of the upper system. Pictorial evide.rice is provided by _thé,s'atg‘a\l,lite ’i‘m_a‘gve' in Figu'ré' 494, .

where the cloud pattern has dissipated. L ¢
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" Figure 4.74 The \same as 1n} gure 4.2 exoept for 18 ‘*“9““
* 1983, 1200 GMT.
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- t;'gggre 4.75 The same as in Figure 4.3 except for 18 August . |

1200 GMT.
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| Figur-e 4.76 GOES-W satenite image, v1s1ble 1‘»515” GMT,
'18August1983 e R '

Figur'e 4.77 NOAA- 7'sateIHte imaqo mfraud e
1257 GMT, 18 Auqust 1983, TR
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Figure 4.79 The same as. in Figure 4.2 ex oot for 19 August
1983, 0000 GMT. > 4-2 except for 15 AE
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Figure 4.80 The same as in Figure 4.3 exbepi for 19 August
sg‘atoooomr S e A R



Figure 4.81
. in_frareq,

Figur-e 4.82"
, infrared

I\DAA 8 sate1l1te image
0338 mIT 19 ,Augyst 1983.

No:g-" sateIHte imge
19 August 1983
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F re 4 83 'I‘he same as in Figure 4 2 exoept for‘ 19 August
3 12QOGMT RTINS , o



,:Figure 4.84° The same as 1n Figure 4 3 exoept for 19 Auqust
1983, 1200 GMT | ‘ . 1o St
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7

-

o Figﬁne 4.87 The same as in Figure 4.2 except f_br' 20 'August
1983, 0000 GMT. . ~ . - ./ : a



- 1983, 0000 GMT. |

/,.

Figure 4.88 The same as in Figure 4.3 except for 20 August
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gn 4.89 NOAA-8 sate‘l'lito imge “a) visible, b) infrared,
GNT, 20 August 1983, | S



- 22%

Figure 4.90 The same as in Figure 4.2 except for 20 August
1983, 1200 GMT. . s - S



226

, ) v "N " ) I 50 . I’.,
. DR N . | | ) Shell z _

; F;guré 4.91 The same as in Figur_-e 4.3 except“ for 20 Auduét :
1983, 1200 GMT. - . f .
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‘Figure 4.92 The same as in Figure 4 2 oxoept for 21 August
1983, 0000 GVIT : _ R , T
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 Figure 4.93 The same as in Figure 4.3 except for 21 August -
AR e s e 0 Fiane .3 oot fon 21 dsust
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.t-‘.{gum 4.94 NoAA-7 satemte‘ imoo “a) visible, b) infrared,
5 GMT, 20 August 1983 B Lo

E
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| 4.6 Case #5
. o
This is a case of weak upper-level development, where (B) has not attained a
weli-defined comma .shapeA It is also an example of amodified upper cold low.
Development took place simultaneously‘at all levels and a low-level warm trough covered
the area of activity. Figures 4.95 - 4.110 show the different stages during the per{ed
(0000 GMT, 09 - 0000 GMT, 11 April 1983). The general configuraygn was very weak
“and lacked the tight shape of an upper cold low, but the mid and low-level flow was that
for a typieal upper-level development. The cloud area (B) was influenced by PVA and
cyclonic circulation greater than 16.
The initial formation is shown in Figure14.9'5, where (A) \;vas weak, (B) did not attain
the comma shape and (D) formed behine B). Figure-4.96 shews a‘ short wave trough and a
pronounced jet stream at the 500-mb map, while Figure 4.97 depicts a Weak n.orthervly
flow et the 850-mb level. | ‘
"’Byﬂ 1200 GMT, 08 April Figure 4.98), the short weve trough shifted eastward,
while the \)erticity circulation intensified. Jet (2) mgyed eastward and jet (1) advanced
NE- ward On the 850-mb surface (anure 4 99), aclosed circulation, assocnated witha - ~
) thermal trough has formed. Five hours later (ng(re 4. 100) the cloud pattern became more
orgamzbd but (B) falled to evolve into a comma.
‘ Flgures 4.10 1\and 4.102 depict the subsequent evolution of the cloud eomplex.
The pattern has lost ite crganized _configeration but expainvded in area, th.evarious‘cleud {‘7
- areas hal\,/e moved a_\;Vay f;om each other, and (B) weakened vyhile,ender the control of a -
vorticity circulation less than 16. Surprisingly. Figures 4.103 aed 4.’10'4 show the
. .centir.nu‘atien of a'typ_ical modified upper lével development case. In Figure 4. 103, one can. |
see the.pinehie‘g-off etege ‘ whiie'in ngure 4.1'04; the !oyv-.level f.lwermal trough has’ | ,
progressed northwestward | * '
By 1200 GMT 10 April (Figure 4. 105), the 500—mb flow opened-up again, the

cyclomc vortncnty decreased and jet (2) advanced eastward On thj} 850-mb surface

i



.73

(Figur‘e 4.106), a closed ciréulétion has formed within the established warm intrusion‘. On
the satellite image (Figure 4.107), the cidud pattern shows continued weakening, and tr-me
several clqud areas have decayed severely. Cloud area (B) remained however under §he
influence of\a cyclonic \;o'rticity area less than 16.

At 2223 GMT, 10 April (Figure 4.108) the cloud patterﬁ dissipated. Only a few
fragments of (A), (B), and (D) are left. Cloud area (B) decayed \;vithin a cyclonic vorticity'

' region less than 16 (see Figures 4.108 and 4.109). Figure 4.110 depicts the low-level

flow at the 850-mb level.
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e :

re 4.95 NOAA-7 satellite image, a) visible, b) infrared,

2247 GNT, 08 April 1983.
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" Figure 4.96 The same as in Figure 4.2 except for 0 Appil o
~ 1983, 0000 GMT. S o N

€



F ggure 4, 97 'l’he same as in Fiwl;éi;.4';-3f."§*6*‘t.>" for IOQWAprjik'l_ S
0000 GMT. T P R G
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*Figure 4.98 The same as In Figure 4.2 except for 09 Aprf1 -

1983, 1200 GMT. .

N ;
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re 4.99 The same as in Figure 4 3 exoept for- 09 Aprﬂ |
gu 1200 GMT.
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Figure 4.100 NOAA-6 satellite image, a). visible, b)
infrared, 1644-GMT, 09 April 1883. ' -

3
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F 1—?.1»- 4.101'NOAA-7 satel]ite ‘image
. ! nfriqod,- 2253 GMT, 09 April 1983.

':‘v‘-Fi re 4. 102 NOAA-6 satellite i
?ufrared. 0232 GAT 10 Ale 1;8
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Figure 4.103 The same as in Figure 4.2 except for 10 April
1983, 0000 GMT. . : T
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re 4.104 The same as in Figure 4.3 exce t for 'io ril -
gu 0000 GMT. - S ~°ep >
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‘Figure 4.105 The same as in. Figure 4.2 except for 10 ;Aprﬂ .

1983, 1200 GMT.



8“

re 4, 106 The same as in Fiqdre 4.3 except for 10 April
3. 1200 GJT B
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b 2 e el 7 e
~ Figure 4.109 The. same as in Figuce 4.2 except for 11 April
1983, 0000 GMT. | | qg& AR e

®
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A
b 42 \1y
doem —— “-4_:-==-'
F ne4 110 The same as in Figura4 3ex t for 11 Aer
9?‘ OOOOGMT , | oep




4.7'Case #6
f
This, last case to be presented. is a pure case of cyclogenesis'; where no surface
- -=~warm intrusion or fronts existed near the critical arhea. itis also a week case, since No
. [ J . .
clearly—de_fined pattern evolved and not even a comma developed.l _Fjgures 4 111-4.133
“show the series of events in the formati'on process during the period from 0000 GMT. 23
Jul;; 1983 to 0000 GMT, 26 July 1983. The meteorological conditions such as
upper-level cycto‘gehetic ‘proces‘s_, the thickness field, the jet stream system. the moisture
source, and the associated vorticity analysis, are alt .f'avourable for strong or moderéate
system formation. Yet the corresponding satellite images did not supoor}. it.
In Figures 4.113, 4' 116,4.117.4.120 and 4. 123, avery weak cloudpattern'has formed
over an area bouhded by latutudes 50° - 55° N and longitudes 130° -140° W. This ;attern
moved NE ward and spread out as it dnsnntegrated and finally dissipated over western B.C.
The sequence of everits began at OO% GMT, 23 July (Figure 4.11 ). A trough has
_become elongated southward.A.closed thermal circulation and a closed cyélonic vorticity
isopleth are located at the base of"this trough. Jet (2) headed southward, while }et (.1) K

.

proceeded NE-ward. On the 850-mb‘ surface (Figure 4.112), a southerly flow is

accompamed‘by a cold air ‘sector. F;gure 4.113 shows the cloud pattern, comprnsed of (B) '

and (C). Cloud area (B). in the pre--comma stage, 1S assoclated witly g v@vcnty contour

less than 16. - _‘ R S -

-

Neghgnble‘ change has occured in the followmg twelve Hours as the system moved _

NE ward (sﬁigures 4. 114 4,115, 4. 116 and 4.117).
| By OOOO GMT 24 July (anure 4.1 18)a closed curculatnon has formed at the base ‘
of the trough whxle jet{2) dug southward The 850 mb flow (Fugure 4.1 19)T:as become -
|ll defined. Figure 4 120 showsthe upper cloud pattern whlch has weakened
conslderably . -

Twely,e hours faten, the 50d7nw'5 flow (figure 4.12 1) has openéd u_o, again.
the vorticity circ_ulati_o_n eakened and jet (2) moved‘towa‘rd th,e_,b_ase of the trough Th’e' .

e : - . . . . .
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P

A

850-mb flow (Figure 4.122) has become more ill-defined althqugh tr‘w cold‘ trough is still
persisting over B. C. and the Yukon. Figure 4.123 shows the confinuous deterioration of
4 the c.loud paﬁern and the dissipation of (B). _

The next Figdres 4.124 - 4.133 depict the pérsistence of the“upper—flov'v on the
synoptic maps and the cohti.nubus dissipation of the cloud pattern on the Satellite images.
_Since (B) was assumed tq be the key feature of the cloud pattern, it was difficult to track
fragmenting clouds and relate them to specific features of the synoptic circulétion.

N
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 Figure 4.111 The same as in' Fi
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e 4.112° The same as in Figure 4.3 ékéépt‘?op>23 July
0000 GMT. - ,  /® | e

o
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e 4. 11’3 MAA -8 satellite 1mgo a) visibla. b)
red, 0319 GMT, 23 July 1983 ;
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" Figure 4.1i4 The same as in Figure 4.2 except for 23 July
- 1983, 1200 GMT. . ~ . R -
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Figure 4 115 The same as in Figure 4. 3 except for- 23 duly
1983 1200 GMT : , :
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‘Figure 4.116 NOAA-8 satellite image . .
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":VF re 4 118 The same as in Figure 4. 2 exoept for' 24 duly
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F ure 4 119 The same as in Figure 4. 3 exoept for 24 -Juny
3 0000 GAT : a T
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gure 4 121 The same as in Figure 4 2 exoept for 24 du'ly"
983 1200 GMT, . . _ : } ‘
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5. Figur‘e 4.122 The same as in’ Fiqur-e 4 3 axoept for 24 Ju‘ly
’ 1983 12@0 GMT. o SR
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" Figure 4.128 The
- 1983, 0000 GMT.
.4 ' .

same as n Figure 4.2 fexoefp_‘t. for 25 Guly’



Figure 4.127 The same a8 in Figur'e 8. 3 ox t for 25 duly -
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Fiqure 4, 130 NOAA-ﬁ sateﬂito image a) visiblo. b)
1nfr-gr-ed 1625 GA’P 25 duly 1?83 '
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reA 129 The same as 1n Figure 4;'3- except » July
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~ Figure 4.13t NOAA-7 satellite image, a) visible, bl
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B Figure 4, 132 The same as in Figure 4 eko'e‘pt_f,or? 26 duly-

"~ 1983, 0000 GMT.
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5. Results of the Study \ gr!

5.1 General Outline/ . v - 4

Presénted in this chapter is a summary of the principal findings of this investigation
. & .

of synoptic;scale cloud patterns and development. The first part describes the general

‘features of a synoptic cloud classification, whereas the $econd concentrates on the

synoptic featUres‘bf upper-level cyclogenesis: and develgpment. - ,

. Satellite data are sufficlent.to identify the\ various synoptic cloud patterns -Derived’

meteorologlcal parameters, such as thermal gradients, vorticity, vort:cnty'advectlon etc.,

' are useful in the sub- classnflcatnon process. However in the second part, close integration

of satelllte and synoptic data is necessarv and es_sentual. »

g
S

Since the main goal of the istu‘dy conq}a\rned synoptic study, the interaction
between synoptic and subsynoptic scales of development was eaél‘mined only to the
extent necessary for the understanding o;‘ the mechanism’of development. |
5 2 Synoptlc Scale Cloud Pattern ClasslficeﬂOn

The examination of the case studies suggests that cloud patterns, which attam ,
characterlstlc synoptlc-sca'le of basic dimensions can be classified into ffour main *grpd/p"s:
(l) the cloud band group(:‘(n) the vortex group, (iii) the cellular group and llet ‘_/un’?orm
* .group. The length characterlstlc dnfferentlates (i) and lul from (m) and (lv)[il he curvature
characteristic dlfferentlates between (l) and. (i), and the texture characterls’tnc dvfferentuates
between (i) and ). o

| e The cloud band gr0up mcludes elght subgeroups characterlzed by great length of
the order of 103 km and weak curvature of the order of 107 km- - The hornzontal
, dlmens:on isa common factor baween the eight subgroups whereas the vertlcal
dlmenslon is not, For example jet post~frontal orographlc and non-frontal bands vary

A

greatly in the vertical. The same is true for the speed of propagatlon e.g. the speed ofa

¢

. IR 7/ B
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jet band is one orderiof magnitude greater than that of an orographic band. The: other four
patterns (frontal, pre-fl‘;ontay corﬁergence, and shear bands) satisfy the general

characteristics of the group.

.The-vbrtex group includes three patterns: the low-level vortex, the upper-fevel

vortex, and the comma cloud. They all possess significant cyclonic curvature, ranging
‘ ) v ' . . : '
from 2 X 10-*km* to 5 X 10-* km-*. The low and upper-level vortices have a defined

centre of rotation, white the comma has no,such identifiable centre. Despite the

- e L4
subsynoptic activity within a comma cloud pattern, especially ln the early/ stages,' the
overall configuration of the comma enables one to oonsider it as a syno\ptlc pattern.

The cellular group includes three cloud patterns: the open, the closed, and the
non-organized. The development.of the hon-'organized pattern into a comma pattern is the
key for inoludlng uit in this grodp, despite the subSyncptlc development of its cloud
elements. Moreover, a cellular pattern, under.the influenoe of cyclonic circulation, may
attain spiral organization for its cloud ‘elements !

The last member is the unlform group, which has horizontal dimensions
comparable to the cellular group, but the cloud pattern is more homogenous and unlform

This is mﬁflearly shown in ‘the case of synoptic-scale. fog. This group inclUdes the
us pattern and the mld level pattern The two patterns develop under

LA
' dufferent meteorologlcal condltnons of stablllty and wmd field but are otherw:se slmllar in '

f'og;low st

. appearance on satellite images.

) 7 ) . ~’ . - R
5.3 The Upper-Cold Low Model ) o * i

The rn'odel for the initiation,and development of an upper-level cyclone presented
here i is based on satelllte and synoptlc data for Western Canada’ durmg the spring.and

summer months The ob;ectlves were to construct an upper level model of. cyclonlc

.-

t
'development and to determme the cntncal value of the vortrcxty fgeld assocnated with such-

development The model postulates and defnnes six stages of development

A}
!

4
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The following figures will explain these different stages, where the letters (A), B).

(C). and (D) refers to the various cloud areas and have the same meaning as used before in

Chapters 3 and 4. The contou'rs outline the upper flow and the arrows represent the jet

stream axes. ' ¥ . _ o
5.3.1 The Troughing Stage
. AF-igure 5.1 shows the ,f'irst stage, where the'rnid-level flow gives the first hint of

the area of probable cyciogenesis, a pronounced amplitude™A small area of convective

clouds, (B). points out the area of likely development on the corresponding satellite image.

At this stage, (B) is a cumuliform non-organized cloud area of considerable thickness. The -

.

exlstence and advance of jet (2) all but assure the early development Jet {2) plays the
domlnan‘t role in this case, while jet (l) has no effect on the evolution process The vertical
temperature distribution within the Iayer 1000/500 mb (not sho’wn), determines that (B)
lies within the cold air, and on the s‘outhern"part of the thermal trough The low-level flow

is’ usually poorly defmed except in modlfued strong cases. In a modified case, an incipient

-

front or weak warm intrusion develops rlear B).
h
\ .
n Flgure 8.2, the flow has become dlffluent and |s spﬁttlng into two dnstlnct o

5.3.2 T’hefsplming Stage

streamis. Along the southern branch assocfated wnth jet (2) upper-level cyclogenesls may

7
s

be expected in the SE-corner of the trgeghiet {2) becomes more channeled and

advances towards the: tro‘ghmg base The trough digs farther southward acqulrmg usually

53

_posmve or negatlve tlltlng A closed contour mrculatlon is not hkely to appear at thls stage.
The vertlcal thermal field (1 000/ 500 mb) becomes more centered over the trough while-
. ‘ ./

the low- level flow does not show apprecnable change "

Cloud area (C). composed of hlgh and middle clouds, develops wuthm the confluent
v

zone as mducated m_,anure 5.2. It has acquired an anticyclonic curvature and \exis.ts entirel’y =

-« ’ S

t
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within a c0nflu'en]ce area of we_ak gradient. Appearance to the contrary, (C) is not
associated with jet (1). Cloud area (B) continues its vertical developrnent, where the rate of
grthh deends on stability, moisture field distribution and vertical wind shear. (B) also

expands horizontally without changing its configuration, showing aregular outline in strong
cases and an irregular in weak cases. Cloud area lA) composed of middle and high clouds,
develops to the south of (B). It has the same gengral features as (C), but is not associated
with jet (2). Iti is also more developed than (C), both in the vertical and horizontal. It is
somet‘imes difficult. to separate the troughing stage from the splitting stage.
. 5.3:3 The Pinching-off Stage
In Figure 5.3, the 500-mb flow shows the' first sign‘ of the pre-cut~otf proces‘sp
The trough Wthh has become symmetrical, is pinched -dff at its neck. Jet (2) approaches
the base of the trough, while jet (1) advances northeastward and merges with the westerly
: main flow. A weak closed \Nind “circulation( is becoming established and a cIosed contour
circulation may appear at the base of the troogh. It is not probable,, at this stage, that the
closed circulation propag_ates downward. A simi‘lar'pinching-off process may affect the

-

vertical temperature distribution

Cloud areg (C). continues farther westward with respect to the cloud pattem— The : "f’
northern edge becomes better defined as it acguures prohounced anticyclonic curvature
and spirals aroun'd the core of cold air. For the first time cloud area {B) attaihs its comma

shape (except in the weak cases), moves very slovvly northwa'rd and becomes partlyﬂ

]

:COVeredby'(Al:. ‘ o .- o S

8.3[4 The Cuttlng-off Stage | k . - e

This, u’nportant phase in the Iife hlstory of the upper-ievel storm is ahown in

: Figure 5.4. All cloud areas have continued to develop and.the patteri:i has attained

> i . ‘8

pre~storm configu J>ion Cloud areas (Al and lCl have expanded vertically and horizontally, _ E coen

I

. B L RN ) e
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and both approach and cover most of (B). Cloud area B) acquires full comma shape and

moves to the cyclonic side of the advancing.,jet (2). Jot ‘('2) now adva‘nces very rapidly

traversing around the base of the trough o |
Meanwhile, on the 500-mb surface the pmchlng~off process Is weakening and the

contours are opening up agann but the cut off clrculatron is fully, establushed The closed

. CIrculatnon which has reached its maxrmum intensity; may propagate to lower levels at this

stage. Throughout thls phase the flow pattern mamtalns its symmetncal shape and the
/
vertical temperature drstrlbutudn shows an eastw%rd advance of the pool of cold air.

/
/

' 5.3.5 The Mature Stage |
' -At-this stage (Figure 5.5), the cloud pattern reaches'its maaimum’de‘velopment“‘ ‘All‘ '_
cloud areas are mov;hg northeastward The cloud pattern expands westward to the reg:on
- of maxrmum sheaf?Clcud areas 1A, (B) and € begm to merge ultlrnately and culmrnate in Ya
very dlstmtlve Iambda confcguratnon while cloud area (Dl may develop into a separate -
‘ comma or andther separate system dependlng on the controlllng vortlcnty freld Itis often
o _'»drff:cult tO/dlstlngwsh between (C) and (A) at this stage. '
At the mrd Ievels the flow opens up and the closed c1rculat|on all but dnsappears
g v_fMeanyvhlle the lc)w level c1rculatlon begrns td rntensufy Jet (2) moves cdmpletely to the N
.eastérn srde of the trough and beguns to curve antucyclomcally as it crosses the body of . :
/ .
,Vt}‘e storrn cI0ud conflguratron | - : » | .

5 3 6 The Decay Stage

L

. . , . ( s
L . be seen m Flgure 5 6 The varlous cloud areas sprea,d apart and move off in drfferant

drrectrons Cloud area (Al moves eastward lB) and (C) move toward the west and lDl is 3

’

; '"almost statlonar’y AII cloudvareas weaken consrderably and the overall pattern Ioses rts

’j"':‘.'udentlty (Bl moves out and’.bey’ond the mfluence of jet (2) |

v

e

ln th:s stage, the c10ud pattem and the upper~level flow break down raprdly,’v as, can f S
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- Figure 5.2 The splitting stage
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The upper flow opens up more and resumes the shape of a typica! cold trough. Jet ’

(2) moves rapidly eastward and merges with the main westerly flow. The cold air pool

shrinks in area. At this stage, the system's persistence depends crucially on the vertical

-

stability.

5.4 Results and Conclusions’
. ‘o rs

»

Thé main goal of this study; the examination of the synoptic features of cloud
. . . A [ \ .
. . \ * - .
patterns and systems, has been realized.within the limitations of the project. The

integration of satellite data with synhoptic data in the study of cloud patterns is superior to

using each one separately. Satellite images provide good resolution insspace and time
. . W i

. ‘ ’ . . . v . - l
while synoptic observations furnish numerical values of basic meteorologicalparameters.
. ~ ,

‘The ab‘ilityl to identify cloud pattern regimes, based on characteristic dimens1ons:; 1S a

useful-skill readily acquired by the analyst.
- 4 . L . . . . .
The principal criterion of classification that “any cloud system which satisfies, for a
¥ .

-perjod of about 12 hours, at least the synoptic-scale horizontal dimension will be

. . \
cqnsider’ed a synhoptic system" has shown to be valid in the majority of cases exafmined.
Zwatz- Melse s (198 1) model of-classuf:catnon of cloud patterns can be adapted to

I

: Western Canada if a number of modlﬁcatnons are made to: (i) the sub classifying process

and (u) the correlations between cloud patterns and correspondmg parameters. In
. ‘ » a e - a
sub-classifying cloud patterns, the length, the radius of curvature, and the texture of a

cloud pattern were found to be essential characteristics. Different parameters were

selected to classify ‘fr-ontal and'pre-frontal bands. In the ‘fromal band formations the

- 500 mb relative vortncnty the thermal front parameter and the surface front analyses

were used to’ 1den‘t|fy the degree of frontal-activity. In the pre frontal band, an actuve band
: |
was assoc1ated with.a sharp, thickness rldge (1000/ ?{OO mb), while an inactive band was:

associatéd ‘with fl_at tniekne‘ss ridge. Tnis result differs from that_“fouhd in Kress and

Zwatz-Meise"s'etudy; (1980-a) over Eurdpe. It w.asAalsLo noted that more than one

-
.
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pre-frontal band may develop. | . R o )

”

The classification of orographic bands wes found to be difficult, since the

mountainous terrain interacts with the flow in a complicated manner. Comma cloud

’

patterns were also, at times, difficult to classify because of the large variations in size,

ranging from large synoptic to small meso-scale. Non-organized cellular patterns, which

may develop into a comma system, presented simillar problems because of the lack of
clearly definable horizontal eimension;. . 7

The comparison between the upper- level model and other models leads to the
followmg considerations:
In Weldon's (1976) model, jet {2) (see Figure 5. 1) plays the dominant role in development,
while jet (1) does not. The splitting stage can be considered in two stages as shown in |
Figures 5.1 and 5.2. Jet (1) decays quickly (see Figure 5.3), while Jet (2) moves rapidly
through the -system after the c-ut-off stage (see Figures 5.5 and 5.6). Contrary to

Weldon's findings, the splitting of the mid-level flow may occur in non-mountainous areas.

In Zwatz-Meise’'s cold-low model (1972 and 1979), summer ca‘se studies show“a

distinct pattern of flow development. The closed circulation is likely.to develop inthe

'

fourth stage ( see Figure 5.4) and not during the first stage. The enhanced-cumuli or

pre comma cloud pattern is hkely to develop in the southeast sector of the elongated

tr0ugh The cut-off (ses Flgure 5.4) is an important stage in the Ilfe cycle of a storp and
—
‘The companson between the results of the present study and the P N4

the various cloud areas may persist up to the decay stage, (Figure.5.6).
_ Petterssen-Smebye & results pubhshed in 1971 can be summarused as foTT’/s. Good
~agresment exnsts between the different schemes clasmfymg the upper- Ievel lows into

pure and modified systems The examination of case studies (m Chapter 4) supports this L F
-classnf:catlon with one minor dnfference In pure cases of cyclomc development, a~

low= level f' ont did not show up on satelhte |mages nor on synoptlc maps. Whereas, in

modified cases, a Iow-level front was usuall_y analyse'd on synoptic maps but without any~
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corresponding support discernable on satsllite images. The hypothesis that the
development of comma cloud area (B) represents that for the whole upper-level system
has yielded fair results. Adopting‘;this hypothesis, a new mechanism for development may
. be presented: J

Synoptic cloud pattern developmen{ of an upper cold-low system commences when an
elongated trodgh with a strong absolute vorticity field spreads over an area of

enhanced-cumuli clouds.

"
’

The correlation bet\lveen the development of the comma cloud area (B} and the
absolute vorticity field’has yielded the following results:
-The absolute vorticity contour = 16 X 10-* 5! can be used to distineuish between
weakening and strengthening cases.
. -If (B)1ies within a contour greater than 16 X 10°* s, strengthening may be expected in 82
per cent of the cases.
-If (B) lies within a contour less than 16 X. 165 ¢ . weakening may be expected in 74 per

cent of the cases.
On the other hand, the correlation betl~een the yorticity advection field or the thermal
advection field and the comma cloud area (B) development wag found to be poor.

" Finally, upper-leVel iow systems may be classified into three groups: strong,
od'erate and weak. A strong system is one at which the cloud pattern reaches storm
configuration. An ppper low system is said to be moderate if it develops azl?vell-defined

comma Pattern while it is said to be weak if the pattern falls to develop any dnscernable

conima cloud area, regardless of other cloud development



5.5 Suggestions for Future Studies \

in order to have better understanding of the problem of upper-cold low

.281

cyclogenesis and development, it is suggested that future work be carried out on the -

following problems:. .

-The product;on~of vorticity at higher levels, e.g. 300-mb, 200-mbh.

-The dissipation of ehergy due to friction at lower levels. - -

-Objective analysis of the vorticity and thermal advections at dif ferent levels and their

relation with the comma cloud area.
-Objective analysis of comma cloud area weakening or strengthening.
-The relation between the comma cloud area development and other meteorological

parameters, such as the moisture field, vertical instability, and vertical motion.

»
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