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by
M. J. Newark

ABSTRACT

A mesoscale analysis of a squall line crossirig the lower Great
Liakes on August 25, 1975 shows that its behaviour was similar to the
model proposed by Pedgley (1958). In one respect however it showed
a marked difference., This was a ""jump'' overan area to the lee of the
Niagara Escarpment and an area along the north shore of Lake Erie.
The formeris calledthe Toronto rain shadowarea and received nopre-
cipitation whatsoever while in nearby locations as much as 40 mm of
rain fell. In this respect the line showed a resemblance to other cases
in Pennsylvania where there is a terrain feature similar to the Niagara
Escarpment. Attempts are madeto show that orographic effects play-
ed'a large part in itsbehaviour, particularly with regard tothe "jump'.
It is believed that the results of the analysis are consistent with the
idea that two mechanisms transmitted the effects of terrain to the at-
mosphere. These are orographic lift in the case of thunderstorm for-
mation and lee waves in the case of thunderstorm dissipation.
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: EXEMPLE DE L EFFET DE L'OROGRAPHIE SUR UNE LIGNE DE
GRAINS
par
M. J. Newark

- RESUME

Une analyse a'moyenne échelle d'une ligne de g rains qui. atra-

versé la région inférieure des Grands lacs le 25 aoat 1975 indique que
son comportement a été comparable au modele proposé par Pedgley
(1958). Sous un rapport, toutefois, une différencemarquée s'est mani-
festée. Il s'agit d'un '""saut'’ au-dessus d'une zone sous levent de l'es-
carpement du Niagara et d'une zone située le long de la rive nord du
lac Erié. Dans la premi2re de ces zones, désignée sous le nom de
zone protégée de la pluie, il n'y a euaucune précipitationquelle qu'elle
soit tandis que, dans les endroits environnants, les hauteurs de pluie
ont atteint jusqu'a 40 mm. A cet égard, la ligne a présenté une cert-
aine similitude avec d'autres cas survenus en Pennsylvanie ou le re-
lief du terrain est semblable a celui de l'escarpement du Niagara.
On tente actuellement de prouver que les effets orographiques ont joué
un grand rdle dans le comportement de la ligne de grains, en parti-
culier pour ce quiest du''saut''. On croit que les résultats de vl'anal'yse
sont compatibles avec 1'idée que deux mécanismes ont transmis les
effets duterrain 2 l'atmosphere. Ces deux mécanismes sont l'ascend-
.ance orographlque dans le cas de laformation de l'orage, et les ondes
sous le vent, dans le cas de la d1ss1pat10n de l'orage.
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1. Introduction

Climatological studies of precipitation in southern Onta_'rio
clearly show a minimum in the annual amount received in the area
west and southwest of Toronto (Brown, McKay, Chapman 1968). In
particular a summer minimum of rainfall exists in a band stretching
from Long Point on Lake Erie, throughout the Nlagara Peninsula and
along a narrow zone bordering the north shore of Lake Ontariotoapprox-
imately the Bay of Quinte. ' ’

Since summer rainfall is largely convective in nature, down-
slope terrain has an inhibiting effect on its production. In this regard
the south slopes of the Dundalk Highlands, the Niagara Escarpment and
the Oak Ridges Moraine are the most important climatic controls.
Toronto and surrounding communities nestle in the protective triangle
formed by the Niagara Escarpment to theweést, the Oak RidgesMoraine
to the north and Lake Ontario to the south (Figure i). Compared to
such well known rain shadow areas as those produced by the coastal
mountains of British Columbiafor example, the effect inSouthern Ont-
ario is slight. The example of thunderstorm dissipation documented
in this paper and a companion film shows however that the effect can-
not be overlooked. ’

Studies of thistype have notbeen really feasible in the past due
to the lack of detailed data in the study area. The advent of SCEPTRE
(System for Constant Elevation Prec1p1tat1on Transmissionand Record-
ing, Try 1972) has produced among other things a permanent record
of radar echo within 220 km of the radar site at Woodbridge.

The purpose of this paper isto augment climatological and stat-
istical studies with an actual example of how topography acts as a
climatic control in the Toronto area. The case chosen occurred on
August 25, 1975 when a squall line with a continuous history of more
than 24 hourswas crossing southern Ontario. Although well developed,
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it "jumped' over Toronto and other localities along the north shores
of Lake Ontario and Lake Erie. Thereafter it continued as an intense
line into Ohio and New York states. Why did the line "jump'? In
seeking an answer to this question, it is hypothesized that lee waves
played an important role in transmitting the effects of terrain to the
atmosphere. The period of time of interest is August 25th 2107 GMT
to August 26th, 0231,

2, The Surface Synoptic Situation

On August' 25, 1975, a large warm sector of maritime Tropical

air straddled much of Ontario. Early in the morning the advancing edge
of maritime Polar air lay over the upper reaches of the Mississippi
Valley preceded by a squall linethat was producing some fairly heavy
thunderstorm activity., Figure 2 illustrates the development of this
scenario throughthe period 0600 GMT August 25th, to 1200 GMT Aug-
ust 26th. Eastward motion of this system was atfirst quite rapid. At
1800 GMT a flatfrontal wave formed south of Chicagoand subsequently
moved northeastwards along the front thereby slowing its _easfward
progression. The squall line ultimately took a northeast to southwest
orientation and travelled across southern Ontario at 19.3 km hr™",

The squall line retained its identity through the 30-hour period
- (although difficult to find at 1800 GMT) and produced significant rain-
fallsover a large geographicalarea (Figure 3). Due to the sparse data
of the synoptic network, few meaningful conclusions can be made con-
cerning the time variation of rainfall amount. . The only thing that can
be saidisthat the reported maximums of 48 mm at Eauclaire, Wisconsin,
51 mm at Erie, Pennsylvania and 40 mm_at Claude, Ontario, occurred
during the usually observed time interval of peak squall line activity
(Figure 3).

3. The Upper Air Synoptic Situation

At 700 millibars and higher levels of the atmosphere a slow
moving warm ridge lay across the Lower Great Lakes. A jet stream
separated this warm air mass from much colder air west of Lake
Superior. At 0000 GMT August 26th, the jet core of 138 km hr~
stretched from central Lake Superior to James Bay. Although it had
been moving eastwards to that position during the preceding 24 hours
the gradient of isotachs over southern Ontario showed no change. At
the time of the squall line there was no appreciable divergence due to
the jet stream at 300 millibars. '

At low levels, a tongue of moisture was channeled along the
Missgissippi Valley from the Gulf of Mexico to the Lower Great Lakes
and in Quebec. This was overlaid by much drier air at 700 millibars.

w
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The low level southwesterly winds feedmg the moisture northwards
were a little stronger than the winds on either side. Some .low level
wind convergence was apparent over southern Ontano.

The 0000 GMT upper air  sounding (F1gure 4) made at Buffalo
is believed to be representative of the undisturbed air precedmg the
line sincethe firstthunderstorms did not reach the eastern end of Lake
Erie untilabout 0200 GMT. Figure 4 shows thatthe ai* was potentially
unstable througha keep layerfrom 1 to 5 km. Lift of only 250 m would
completely saturate the air below 1.5 km and release the instability.
Allowing for entrainment of drier env1ronmenta.1 air, cumulonimbus
cloud to 10 5 to 12 km was pOSS1b1e.

The slopes rising from Lake Huron to the Dundalk Highlands
provide somewhat more than 300 m of lift (more than enough to trigger
the thunderstdrms) According to the charts of Jarvis and ‘Leonard
(1969), terrain induced vertical veloc1t1es 1n this partlcular s1tuat10n
were of the order of 6 mm sec™l,

The wind profile observed at Buffalo indicates that wind direction
remained very steady with height. The average throughout the tropo-.
sphere was 250° with maximum deviation t 20°, The speed showed
two maxima, the first of 18 m sec"_1 at 2.1 kmand the second of 17 m
sec™) at 6.7 km. . '

e, Procedure

(a) The SCEPTRE Output

Data fromthe Woodbridge radar is received byfacsimiletrans-
mission at intervals of approximately 7 minutes. Radar returns from
precipitation are indicated in4 shades of greywhich represent various
threshold values of precipitation intensity namely.25 mm hr'l, 2 mm
hr-l, 8 mm hr-! and 32 mm hr~'. The minimum spatial resolution is
a 2 km square. The data in this case is at a constant altitude of 1.5

km.

Facsimile charts ‘depicting the progress ,of the squall line are

available from the time that it moved inland from Lake Huron to the

time that it moved into the states south of the lower Great Lakes.
(b) Mapping of the SCEPTRE data
Two approaches.were tried to combine the data into one map of

rainfall ‘distribution for the period 2107 GMT to 0231 GMT. The first
was a simple manual integration of the echoes shown on each individual

JT -
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chart., Each and every echo on each and every chart was shaded in on
an overlay. Within an 18.4 km radius of the origin of thechart, echoes
are automatically blanked out to eliminate ground clutter. In the manual
integration, returns within this ring were interpolated from those out-
side but adjacent to it, Heavier shading wasused for the more intense
echoes. Figure 5 shows the outline of the composite rain areaalong
with envelopes of heavier rain caused by the more obviously intense
individual cells. A general area of heavier rain (labelled A) is also
indicated. ' |

" The second approach was- a computer calculated integration of
the data which isalso stored on magnetic tape. In this form of storage
more threshold values of intensity are available than on the facsimile
chart. The computer program calculates a map.of dBZ for each 7 or
8 minute period of radar data. This is converted intc a rainfall rate
~map R based onthe empirical relationship between Z (mm- m'3) and R
(mm hr-1) developed by Marshal and Palmer (1948). ’

Z = ZOOR1 6

The next step isto calculate the aimpunt' of rain (in mm) that fell in that
8 minute period in each 2 km square. Finally this rainfall is - accumu-
. lated over the time period 1912GMT August 25th, to 0155 GMT August
26th, The composite map is shown as Figure 6.

In bothapproaches thereis a common source of error. In spite
of the fact that 1.5 km CAPPI (Constant Altitude Plan Position Ind1cator)
data was used, it is suspectedthat fairly strong ground returns intrude
immediately to the west of the blanked out circle around Woodbridge.
Their contributionis evident when calculated rainfalls in that area are
compared to raingauge information. Calculations of over 300 mm are
obtained whereas the largest reported amount was 40 mm at Claude.

(c) Animation of the SCEPTRE Data

A third method of ordering the SCEPTRE data was to record
each chart on 16 mm motion film. A longer time period was used than
inthe mapping, namely 1943GMT to 0307GMT. This 7 hour 24 minute
period was reduced to about 30 seconds. A projectionrate of 18frames -
per second clearly shows the temporal changes in the squall line and
the relationship of these changes to topography. The motion of indivi-
dual line components was from west to east while the line motion was
towards the southeast. The Niagara Escarpment lies squarely across
the cell trajectoriesand appears to be linked withthe most interesting
feature of thefilm. This is the fact that strong development of thunder~
storm cells as well as a more general rain area took place on its
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windward side, followedby a dramatic dissipationon its lee side. One
segment of the line whose elements formed over Georgian Bay showed
some development east of Lake Simcoebut failedto crossthe Oak Ridges
Moxfé,ine before dissipating almost entirely. The film shows quite
clearly that no cells developed in the areaimmediately adjacent to the
north shore of Lake Erie, and that no rain at all was received in
Toronto and areas eastward along the north shore of Lake Ontario. This
is also shown by Figures 5, 6 and 7. In an effort to discover why this
happened, a closer lookis now taken of the mesoscale situation and the
topography and its known effects on summer weather.

5s - - —=-The Mesoscale —Sifu»ation - [— e e

Considering the relatively shorttime periodunder consideration
(5.5 hours) in which little synoptic scale change of temperature, wind
and moisture were observed it seems reasonable to assume: '

i) that the dynamic and thermddynamic properties
of the atmosphere remained unchanged relative
to each other. : '

ii) that the changes due to diurnal- intensity-varia-
tion were minimal, This leaves topography as
the main control over the behavious of the squall
line. '

(a) Rain Gauge Information - o . . ‘ /

. The Atmospheric Environment Service and the Ontario Ministry
of Natural Resources, Conservation Authorities Branch maintain a
fairly dense network of rain gauge stations in southwestern Ontario.
The records of 60 automatic gauges were examined. Rainfall for the
appropriate period of time has been extracted and plotted. The result-
ing isohyetanalysisis shownin Figure 7. While thisfigure was model-
led to agree with Figure 5 it nonetheless shows quite clearly the area
of no precipitation in the jump zone. This stretches from about Long
Point, Lake Erie through the Niagara Peninsula and around the north
shore of Lake Ontario,

The numbered areas of heavier precipitation in Figure 5 can
clearly be seen in Figure 7. For the most part, . the gauges in these
areas recorded amounts in excess of 5 mm with maximums of 40 mm
at Claude, Ontario and 51 mm at Erie, Pennsylvania.
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(b) ‘Topography and Related Climatology

Figure 8 shows the main topographical features of southern
Ontario. These constitute a sloping rise of land from Lake Huron to
a north-south oriented ridge known as the Niagara Escarpment. The
total rise is about 345 m. The highest point (603 m ASL)is 427 m above
Lake Huron. The escarpment stretches from the west end of Lake
Ontario to Georgian Bay and is part of a larger system running from
Niagara Falls to Manitoulin Island. The east facing slope falls sharply
as shown by the cross sections of Figure 18. Perpendicular to this
ridge and about halfway along it is the Oak Ridges Moraine, the height
of land which separates the Lake Simcoe basin from the Lake Ontario
basin. This narrow ridge is about 260 m above the level of Lake Ont-
ario. Together these two ridges form the west and north sides of the
protected triangle mentioned in the introduction. For the purposes of
this paper, this area will be called the Toronto rain shadow area.

While not pertinent to the Toronto rain shadow a'rea, the third
maintopographical feature showninFigure 8:isthebasin of Lake Sirhcoe
and the Kawartha Lakes complex withthe slopes of the Haliburton High-
lands to the northeast. Between Georgian Bay and Lake Simcoe, the
Ore Sand Hills make a knob of land which is 241 m above the former
and 198 m higher than the latter.

Booker (1962) has found that terrain in Pennsylvania similar in
nature to the Niagara Escarpment produces mesoscale variations in lee
summer rainfall amounts. Similarly Clodman (1966, 1967) has pres-
ented climatological evidence thatthe escarpment exerts a strong con-
trol over convective rainfalls in its lee. He found a maximum of mean
monthly precipitation directly east of the escarpment followed by a
distinct minimum between 6.4 km and 2.8 km to the east. A second
minimum lay between 32 km and 45 km to the east. He points out that

his results can be interpretedfromthe point of view that lee waves have

contributed to these variations. The fact that once formed, lee waves
are dependent on the atmospheric winds and stability rather than the
physical characteristics of the initiating ridge, is examined more closely
later inthis paper. However, waves interfering constructively with the
preferred wavelength due to terrain forcing would tend to give distinct
precipitation maxima and minima. A climatology of waves to the lee
of the escarpment might reveal that certain wavelengths are more
common than others. ' ‘

(<.:')-_ The Thunderstorm Line

Figures 9, 10, 11 and 12 show selected stages of the progress
of the line echo across southern Ontario. Its motion was from 315°

.




at 19,3 km hr-l. Its behaviour can be categorized by four different
phases as follows: ’

Phase 1 The line presented a compact, well formed appearance
' with few gaps. Little change occurred with time.

Phase 2 Elements of the ‘line in the Tor.onto‘ rain shadow area
‘dissipated while at the same time elements over the up-
slopes of the Dundalk Highlands began intensifying.

 Phase 3 The elements over the upslopes blosnsomed and took over

as the main segment of the line, Concurrently a new 11ne _
- - — -~began-to form over Liake Erie.” o

Phase 4’ The Lake Erie line became the only one as the Dundalk
Highland elements dissipated completely in the Toronto
rain shadow area.

(d) ‘Thunderstorm Cells

A detailed study of each facsimile radar chart revealed that a
number of individual thunderstorm cells in the line could be identified.
Figure 13 shows the tracks of 23 Their average motion was from
2520 ata speed of 54(+6) km hr™'. Outof 12 cells with observed origins
anywhere over land, 11 (90%) formed over an upslope area. Out of 22
cells observedto dissipate, 18 (81%) did so over downslopes or at least
over flat areas. For what constitute upslope and downslope areas see
Figures 20 to 28. Out of 15 cells with observed origins west of the
escarpment, 10 (66%) dissipated either on the lee slopes or overflat
sections of the escarpment,

(e) Thunderstorm Groups

A number of cells were observed todevelop and/or cluster to-

gether in groups. Thesegroups followed the life cycle of growth that

has already been well documented in the literature by Pedgley (1958)
and others. Figures 14, 15 and 16 show the behaviour of the groups.
In addition the vectors of cell motion are compared to the vectors of
group motion,

(f) ' 'Discussion
- Pedgley (1958) as well as Fujita and Brown (1958) proposed a

model meso-system of suchthunderstorms as are studied in this case.
Their proposed growth stage, mature stage and decay stage for the
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thunderstorm groups was evident in the behaviour of the groups com-
prising the squall line. The groups labelled (iii) and (vii) in Figures
15 and 16 are particularly good examples, changing from a cluster of
developing cells to groups of intense echoes and finally into large amor-
phous rain area that dissipated within minutes. :

The velocity of the groups (vectors labelled G) was typically to
the right of the cell velocity (vectors labelled C). This displacement
has been described by Pedgley as well as by Newton and Katz (1958),
' Fu31ta and Brown and several others. Vector P, the difference of C
- and G, represents the propagation of new cells within the group. P
"determinesthe orientation of the groupas a whole aswell as the length

of the group (speed of P x lifetime of group). Newton and Katz have
suggested thatthe speed of Pis determined by the magnitude of vertical
wind shear. They alsosuggest thatthe movement of the groups is most
highly correlated with either the 700 millibar wind or the mean wind
directionbetween 850 and 500 millibars. In this casethe averagegroup
‘motion was from 258° while the mean wind in the 850 to 500 mb layer
was 253° and the 700 mb wind was 260°, They found very little cor-
relation between wind speeds at any part1cu1ar level and the speed of
the storm groups. :

In one respect, . the squall line exhibited a Very'sig'nifica_nt de-
parture from the orderly cases documented by Pedgley et al. This
was the "jump'' of phase 4. Their casesdid not deal with the effects of
‘topography. . In this case no other reason appears likely for the dis-
continuity in an otherwise orderly line. Similar cases however have
been.observed by Hosler, Davis and Booker (1962) in Pennsylvania
where there is a terrain feature called the Allegheny Front which in
many respects is similar to the Niagara Escarpment.

The results described under the heading 'Thunderstorm Cells!
bear the earmarks of topograph1ca11y 1nduced behaviour.  Since the
line is nothmg more than an instantaneous arrangement of groups then
its behaviour can be accounted for by the effects of topography on the
individual cells.

In 1967 Fujita dealt withthe importance of mechanical orog raphic
liftinthe release of latent heat of condensation in conditionally unstable
air, In this study seve ral thunderstorm cells were observedto or1g1nate
over the upslopes of the Dundalk Highlands after -a lift of only 170'm
from Lake Huron. (Recall that about 250 m of lift was indicated as
necessary by the Buffalo tephigram.) Generally speaking, most cells
or groups showed intensification while moving upslope.
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Although orographic lift adequately explains the stimulation of
convective cells on the windward slopes, downslope heating on the steep
lee slopes is insufficient to explain thunderstorm dissipation. This is
because only the lowestlayers of a convective cell would be subject to

"~ heating by compression (if at all), while largevupwar-d velocities would

continue unchanged elsewhere in the thunderstorm. The’ computed
terrain induced vertical velocities according to Jarvis and Leonard
(1969) are of the order of -15 mm'sec'.l, while thunderstorm vertical
velocities aretypically 20-30 m sec™! or more (Chisholm and English
1973).

Obviously some other mechansim must be soughtas the vehicle

for-transferring terrain effectsthrough a verydeeplayer-ofthe atmos-"

phere. ‘Hosler, Davis and Booker (1962), and Fujita (1967) suggest lee
waves. These researchers point out that they have no direct evidence
of lee waves at the time of thunderstorrn dissipation but Hosler et al
claim to have indirect evidence.

6. . I.ee Waves
(a) . Literature Survey

~ Ina theo'reticall treatment of airflow over ridges.AScore~r'(1953()
shows that the disturbance to a laminar flow extends upwards through

the troposphere and even intothe stratosphere underthe right circums;

stances. He shows that lee waves are possible only if a parameter {
decreases with height. ¢ is defined as follows:
/ ZW_. gf\ S

’

where = Ya~ 7Y, and is thus a stabilify coefficient,

T,
U is the undisturbed horizontal wind speed
g = acceleration of gravity,
Y, G ‘adiabatic lapse rate,
v = actual lapse rate, ,
To = absolute temperature. , L

: , A :
The secondorder term U 'makes the second ratio very small and it is
usually considered negligible. Note that this decrease is a necessary
but not sufficient condition for lee wave formation.

Given that QZ must decrease with heighf, this equation says that
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°

lee waves are most likely in an atmosphere where, (i) the wind speed
increases with height and (ii) T, increases with height (in other words,
an inversion). Under thunderstorm conditions Tg ac_tually' decreases
with height. This means thatﬁ can onlybecome smaller if the decrease

“of (v, - 7))decrease of T "~ This 1imitation. can be expressed as
g_ Ay dT dT,
, A dz dz dz
but, sinceY; = constant, then
. &
> -
dz = 7

Then for the normal case of decreasing T, with helght deéréasing
stability with height is required.

Booker (1962) has pointed out that conditions of instability and
vertical windshear prevalent in thunderstorm- situations also produce
the necessary decrease of 22 with he1ght and thus make lee waves pos-
sible. Furthermore the cold outflow from the base of a thunderstorm
cell may produce the condition where T -increases with height in a
certain layer thus creating a more favourable state for the formation
of lee waves. As a consequence the thunderstorm aids in its own dis-
sipation. As Booker sees it, the cold thunderstorm downdraft causes
a layer of relatively stable air to spread out across the terrain ahead
of the storm. This terrainconforming laminar flow is important in lee
wave formation, par'ticularly if it is normal to the ridge. In the down-
ward section of the lee wave, the environment would experience dry
adiabatic warming, while within the cloud moist adiabatic warming
would result. These two factors lead to a net buoyancy loss of the
cloud. Old cellswould dissipate more rapidly under such circumstances
and new cell formation would be inhibited. As will .be shown later,
downward vertical velocities in lee waves at least approach typical up-
ward values in thunderstorm. This, combined with the net buoyancy
loss should be su;ff1c1ent to cause even v1gorous thunderstorms to dis-
sipate. T '

The researchof the Department of Meteorology at Pennsylvania
State University (Hosler, Davis and Booker 1962) shows the ex1stence
of lee waves over the Allegheny mountains and attempts to relate 22
profiles with cases of squall line dissipation. Winds and temperatures
‘from the evening Buffalo radiosonde sounding of August 25th, gave the
2 2 profile shown in Figure 17. It is comparable to the average pro-
files found by Hosler et al for two cases where squall lines jumped
ahead, and for eight days when showers dissipatedupon moving across
the Allegheny Front.
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(b) Niagara Escarpment Lee Waves

On August 26th, the ESSA-8. weather satellite orbit number
30694 showed a train of lee wave clouds north of Lake Ontario at about
1525 GMT. At least 16 - waves can be identified stretching from the lee
of the Escarpment as far east as about Kingston. It is interesting to
note that the wave train is split into two halves, one north of the Oak
Ridges Moraine and the other south of it. Measurement shows their
wavelength averages 10.5 km.

‘'The Escarpment is an asymmetrical ridge with a steep eést—
facing slope and a more gently rising westfacing slope.. Figure 18 -
shows—cross- sections of it~-both north and south of the Oak Ridges
Moraine.. Scorer's equation for the amplitude of lee waves is

u az_r JTKO Hikx -2 |
ut oy :

u ’ . oo -
u; is a windshearterm anda’ Jge

is the term relating to the physical
characteristics of the ridge where ‘

a summit height above its surrouhdings
b effective ridge half-width '

c = wave number (27, A= wavelength).

A
It can be seen that the maximum effect of the ridge on wave amplitude
occurs when b = k-1, In the case of the Escarpment, by north of the
Moraine is 16 km and bg south of the Moraine is 20 km. Thus the
. maximum effect of the ridge is for wavelengths of 27b, orA;= 100 km,
As = 125 km. A ' '

Queney, Corby et al (1960) point out that the largest amplitude
waves are not necessarily over the highest ridges since the term %
is involved. In fact, once wavesare formed theyare U dependent only,

For waves downstream from a ridge Corby has found that
- Mkm) = .0,585U (m s.ec—;) -2.8

For August 25th, this gives the resﬁlt)\': 8.0 km. A better resultfor
"N is obtained from Casswell's graph (1966). This gives A= 10.9 km.

(c)’ Relationship Between L.ee Waves and Thunderstorm Dissipation

According to Casswell, when marked waves occur, large ver-
tical velocities extend over only short distances perpendicular to the
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ridge. His method of calculating maximum vertical velocity gives a
value of 18 m sec'l, which at least is comparable to thunderstorm
vertical velocities. Queney, Corby et al say that the first lee wave
crest is displaced approximately. 3/4 )\ downstream from the ridge.
Flgure 19 combines these two factors. The relationship of the first
three wave crests to the ridge is shown according to their -distance
downstream. (Note that the amplitude of the waves is not to scale.)
This is then compared to the distance fromthe ridge that thunderstorm

cells were observed to dissipate. 'It can be seen that dissipation took.

place at discrete distances from the ridge, and that the location of dis-
sipation isin reasonable agreement withthe areas of downward vertical
velocities in the lee wave train, Firstly‘ the number of cases is small
and secondly the location of cell dissipation can only be found within
+6 km due to the 8 minute gapin informationbetween each radar chart.

7. - . Conclusions

These are presented as a set of hypothéses as obviously more
cases should be studied and supported by field evidence before meaning-
ful conclusions are possible. It is not intended that these hypotheses
should apply to caseswhereallthe factors conducive to severe thunder-
- storms are present. If the various dynamic.and thermodynamic para-
meters that contribute to 1ift in the atmosphere are present only to a
limited degree, suchthat theforcesdue toterrainare comparable, then
the following are proposed when squall lines or summer cold fronts
cross southern Ontario.

a) It is the influence of terrain on individual thunderstorm cells.
rather than on cell groups whichis the predominant reason for
the behaviour of the line. '

b) The mechanisms transi’nitting terraininfluences to the cells in
the case of formation are: :

1) the upward flux of moisture from Lake Huron
which increases the potential instability of the air
passing over it and offsetsthe cooling effects of the
lake surface, '

ii) orographic warming in which locally warmer
areas heat the adjacent air, .

iii) orographic lift by the slopes of the Dundalk
Highlands which provides the trigger to set warm
and moist air parcels into motion. This includes
the upstream forcing of lift over Lake Huron due
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to the Highlands.

¢) In the case of cell dissipation the chief mechanisms is that of

- . lee wave downward velocities when the main component of the
upper winds is within 130°F of normal to the Niagara Escarp-
ment.,

d) If the 700'mb wind, or the mean wind in the layer from 850 to
500 mb is within the range 2400 to 300° then significant dissi-
pation of line echoes can be expected to the lee of the Niagara
Escarpment regardless of the or1entat10n of the 11ne.

-t e)-In cases-where cell ‘motion is within the 240° to 300° range,

‘'some groups of cells that survive the crossing of the Escarp-
ment north of the Oak Ridge Moraine may intensify over the
Ore Sand Hills, or Lake Simcoe and its eastern slopes.

f) The south slopes of the Dundalk Highlands present very little
slope to cells moving from the directions between 2400 and 300°
and less. precipitation may be expected there than elsewhere
west of the Escarpment, ‘
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9. , A‘ppend.ix ‘

The following diagrams (Figures 20 to 28) show the upslope and
downslope areas of southern Ontariofor wind directions every 20 deg -
rees from true north. KEach diagram is labelled with an appropriate
direction fromwhich the windisblowing. Upslope and downslope areas
for winds of opposite direction can be determined by reversing . the

shading scheme as indicated in the key to use.
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Figure 1

Average monthly precipitation in the lee of the Niagara
Escarpment for May to October from 1955 to 1963
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Sequence of Surface Weather Maps showing the advancing squall line



Figure 3

Isohyets and the time intervals in which rainfall occurred
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Figure 4
Buffalo tephigram at 0000 GMT August 26, 1975
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Figure 5

Rainfall map derived by manual integration of all SCEPTRE echoes in

the time period 2107 GMT August 25 to 0231 GMT August 26
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Figure 6
Computer derived rainfall map for the period 1912 GMT August 25
to 0155 GMT August 26
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Isohyet analysis of reported rainfall during the passage of the

‘squall line
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Figure 9

Facsimile SCEPTRE chart showing the squall line at 2129 GMT
August 25. Phase 1
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Figure 10

Facsimile SCEPTRE chart showing the squall line at 2338 GMT
~ August 25. Phase 2 o - ‘
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Facsimile SCEPTRE chart showing.the squall line at 0058 GMT
August 26, Phase 3
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Facsimile SCEPTRE chart showing the squall line at 0203 GMT
August 26. Phase 4




S1[22 wWIojlsiapunyj [enpialpul Jo syosearq,
¢1 @andig

GEQRGIAN  B4Y

1948 W\SS v213o

1948 2046% /2338 ) o
LAKE  HURON Q y 9324 2302
% 2219 %0007
/ A ho210 22&
023
19782 5o (7

1948 224
= % 36 / /',[9 £ as

_82_

LAKE ONTARKO

a3

<y

LAKE
ST CLAIR

TOPOGRAPHIC MAP OF
SOUTHERN ONTARIO

y LAKEN _ERIE
qQ 2 60 MILES 21
e
O 0 30 60 90 KILOMETRES

a3 a2 8l 80 79 78 77 76 3
n L 1 1 1 i - h A




uotjow dnoa 3
pue [[9° jo sweilelp 103094 pue sdnoxd wiojsiapunyj jo sydeL]

¥1 2andr g

|-42

LAKE  HURON

/

LAKE
J ST cLam

2\

B

LAK

. GEQAGIAN  BAY

LAKE ONTARK

TOPOGRAPHIC MAP OF
SOUTHERN ONTARIO

qQ a0 g0 MILES
o i
0 30 60 90 KILOMETRES

80 79 ki3 7 76
n i — A

s

431

-

)

_62-



Gl @andig

uoijow dnox g
pu® [{oo jo sweiSelp 103294 pue sdnoxd WIojlsIapuUNY3} JO SyOeIT

LAKE

\

LAXE
ST CcLAIR

—Og_

TOPOGRAPHIC MAP OF
SOUTHERN ONTARIO




uoijows dnoid
pu® {2d Jo sweidelp 103094 pue sdnoif UWLI03SISPUNY) JO SYOBIT

91 @andi g

el

-2

4

LAKE  HURON

y

ST CLAR

Y

GEQRGIAN  BAY.

20032 20392

TOPOGRAPHIC MAP OF
SOUTHERN ONTARIO

Q B §0 MILES
0 1!‘0 61 90 KILOMETRES

el 80 79 78 ” 76
i i . L 1

43

-‘[E—



2

ALTITUDE

22 x 10° FT 2 .

Figure 17

profiles when squall lines were observed to jump ahead ‘ ‘
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Cross-sections of the Niagara Escarpment
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Relationship between thunderstorm cell dissipation and
lee waves
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One major difference, as observed by
radar, was the rain shadow produced
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effects of topography were diagnosed to
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sipation, were the major responsible
processes causing the observed pattern.
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