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Abstract approved 

Seven cases of post -cold - frontal squall lines moving 

through the Willamette Valley of Northwest Oregon were 

investigated by the various techniques of meso- analysis. 

Time cross sections were converted to space cross 

sections by using the movement of the radar echo of the 

squall lines. The observations in time were converted to 

observations in distance by the time distance relation- 

ship of the echo velocity. A percentage technique was 

used to study the precipitation of the squall lines. Re- 

sults indicate that the post- cold - frontal squall lines 

are similar in structure to the pre- frontal squall lines, 

showing a pressure surge and temperature drop marking 

the leading edge, a high pressure area immediately behind 

the leading edge followed by a wide zone of pressure fall. 

There is evidence that the pressure field is modified 

by the production of cold air by evaporation of precip- 

itation. No definite features of dew point and relative 
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humidity fields were observed. 

The precipitation patterns associated with the squall 

line showed small centers of activity along the squall 

line with a preference for two zones, one ten miles be- 

hind the leading edge and the second from twenty to 

thirty miles behind the leading edge. An analysis of the 

radar data showed that the centers of precipitation were 

recognizable on the PPI and RHI displays. 
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A SYNOPTIC AND RADAR STUDY OF 
POST -COLD -FRONTAL SQUALL LINES 

INTRODUCTION 

Reports on post- cold -frontal squall lines have been 

noticeably missing in the literature. Much time and 

effort has been given to investigating the intense mid - 

western pre- frontal squall lines and virtually none given 

to studies of the post- cold -frontal squall lines. The 

severe storms, such as tornadoes, associated with squall 

lines seldom occur on the west coast so that any large or 

middle scale precipitation storm in western Oregon 

assumes an air of importance. 

This thesis has two objectives. The first, and most 

general, is to provide a source of information and data 

of the characteristics of post -cold -frontal squall lines 

on which further studies may be based. The second 

objective is more specific and concerns a detailed analy- 

sis of the precipitation. The precipitation associated . 

with the post -cold- frontal squall line has not been 

examined with any specific application in mind. The 

author believes that the material in this thesis is of a 

general nature and that interpretations of the results 
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can be better applied by the particular interests. 

The seven cases of post -cold - frontal squall lines 

were selected for study on the basis of adequacy of data. 

The cases occurred on: 23 October 1960, 22 November 1960, 

18 December 1960, 5 February 1961, 26 March 1961 (morn- 

ing), 26 March 1961 (afternoon), and 28 April 1962. 

A comparison of the post- cold -frontal squall lines 

investigated and several pre -frontal squall lines des- 

cribed in the literature is also made and the results of 

the comparison are discussed. 
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LITERATURE REVIEW 

Few reports on the post- cold -frontal squall line 

appear in the literature. The few papers deal primarily 

with the features observed on radar. As will be noted 

later in the discussion of results, the pre- frontal 

squall line characteristics are of importance because 

of the similarity in str cture to post -frontal squall 

lines. For this reason, a review of the literature on 

pre -frontal squall lines is used to supplement the liter- 

ature review of post- cold -frontal squall lines. 

SYNOPTIC FEATURES 

Fujita (13, p. 405), in a discussion of pre -frontal 

squall lines, has demonstrated three principal features 

of the pressure field. The leading edge of t -e squall 

line is marked by a pressure surge, a long narrow zone in 

which the pressure rises rapidly. A short distance be ind 

the pressure surge, the pressure field reaches a maximum in 

what Fujita called the "thunderstorm high ". He then noted 

that the pressure field changes slowly behind the thunder- 

storm high, which was frequently followed by a low pressure 

area called the "wake depression ". Fujita attributed the 

modified pressure field to the production of cold air by 

evaporation of raindrops falling beneath the cloud base. 

(15, p. 454) In his study, he found the temperature field 
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to be nearly uniform at 5000 feet in comparison with a 

tremendous temperature drop at the surface. (15, p. 455) 

A pressure nose appears somewhat like an additional hump 

superimposed on the thunderstorm high. "Because the 

pressure nose is directly under an active thunderstorm 

cell, the pressure rise is considered to be a result of 

the vertical motion during a thunderstorm." (15, p. 456) 

The mechanism _Fu jita describes is a result of the latent 

heat released inside the updraft. It gives rise to the 

expansion of the atmosphere above the cloud base, result- 

ing in a decrease of hydrostatic pressure over an area 

much larger than that of the meso- system. The effect 

appears on a microbarograph as a pressure drop preced- 

ing the pressure surge. The cold dome of air associated 

with the evaporative cooling has several distinct charac- 

teristics. The downdraft is not always saturated, but it 

maintains the moist adiabatic process during descent as 

long as sufficient raindrops remain inside. The total 

excess mass of the cold dome in its developing stage 

increases in proportion to the total surface rain which 

has fallen inside the system boundary. (15, p. 459) 

Williams (23, p. 243), in a discussion of pre -frontal 

squall lines, has noted that all of the squall lines had 

irregular leading He observed small sections to 

accelerate or decelerate. In some of the cases he 

- 
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examined, micro -lows developed along the squall line. A 

small perturbation developed in the leading edge at the 

center of the micro -low, and in one of the cases the 

perturbation underwent occlusion and dissipation. 
Williams indicated that the lifetime of these micro -lows 

was probably no more than thirty minutes. 

Several authors have given values for the pressure 

gradient associated with the leading edge and the excess 

of pressure in the thunderstorm high. Their findings are 

summarized in Table 1. 

Williams, in the study cited above, noted a sharp 

temperature decrease after the passage of the squall line. 

He concluded the amount of temperature fall was propor- 

tional to the rate of rainfall. (23, p. 245) As the 

intense rain associated with the squall line ended, the 

temperature rose slowly and frequently returned to about 

the original level. Several other authors have noted the 

temperature drop associated with squall lines. The 

results of the magnitude of the temperature drop are 

summarized in Table 2. 

Fujita (15, p. 460) explains the temperature drop in 

terms of the cooling from evaporation of precipitation and 

subsidence of the cold air dome. 

An increase of relative humidity proportional to the 

decrease of temperature through the squall line was noted 
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TABLE 1 

PRESSURE INCREASE IN THE THUNDERSTORM HIGH 
AND PRESSURE GRADIENT AT THE LEADING EDGE 

SOURCE PRESSURE INCREASE PRESSURE GRADIENT 

Byers and 
Braham ( 7) 2 mb./mile 

Fujita (13) > 3 mb. 

Stout et.al. (18) 2-4 mb. 1 mb./mile 

Tepper (20) 2-3 mb. 1 mb./mile 

Williams (23) 2-6 mb. 

TABLE 2 

TEMPERATURE DROP AT THE LEADING EDGE 

TEMPERATURE 
SOURCE DROP 

Fujita (13) -12 F 

Fujita (14) - 9 F 

Stout et.al. (18) -18 F 

' 

. 
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by Williams (23, p. 245) and Fujita (14, p. 16). A 

slight decrease in the mixing ratio aloft was noted by 
Sasaki. (18, p. 251) 

Several investigations of the clouds associated with 

pre -frontal squall lines have been carried out. Beebe 

(3, p. 280), Breiland (6, p. 297 -298), and Crawford 

(10, p. 352) have examined the clouds on the synoptic 

scale and have generally concluded that a band of cumulo- 

nimbus clouds delineate the pre- frontal squall line. 

Fujita (13, p. 431 -433), in a more detailed study, found 

the areal extent, height, and number of cumulonimbus 

clouds to vary with the intensity of the squall line. The 

greater values of all three above -mentioned parameters 

correspond to the more intense regions of the squall line. 

A great deal of information exists on the winds and 

wind fields associated with pre -frontal squall lines. 

Williams (23, p. 245) observed strong gusty winds at the 

passage of the leading edge and Tepper (20, p. 24) ob- 

served the maximum winds about two -thirds of the distance 

from the pressure jump to the pressure maximum. A wind 

shift also has been noted at the passage of the squall 
line. Tepper (20, p. 24) stated that the wind shift 

occurred at the time of passage of the pressure surge, or 

shortly after. Williams (23, p. 244) observed an instan- 

taneous shift in the winds upon the passage of the 
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leading edge. Tepper (20, p. 22) and Fujita (13, p. 410) 

have both noted the non- geostrophic flow characteristics 

of the surface winds associated with the squall line, 

Tepper going so far as to compute what the geostrophic 

wind must be to balance the pressure gradient in the 

surge. His computed value was 2500 miles per hour! 

(20, p. 22) 

Fujita (13, p. 410) computed the divergence fields 

at the surface associated with the squall lines. He found 

convergence ahead of the squall line and divergence behind 

it. Sasaki (18, p. 251) in a study of the divergence 

fields aloft found convergence behind the squall line and 

divergence above and ahead of it. Newton (17, p. 217) 

arrived at conclusions similar to Sasaki's with low level 

convergence and horizontal divergence aloft at the forward 

edge of the squall line. Breiland (6, p. 298) found a 

downward extension of a belt of strong horizontal winds, 

and in some cases a low level wind maximum. He concluded 

they were important in the formation of the squall line. 

Fujita found that the upper extent of the cold air 

dome did not reach above 700 mb., and that a sharp ridge 

existed at 400 mb. (14, p. 1) 

The slope of the squall line boundary in the study 

mentioned above (14, p. 3) was found to be nearly vertical 

dr 



9 

compared to the slope of the cold front behind it. The 

computed slope was 1:20. 

1 
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PRECIPITATION FEATURES 

Williams observed the precipitation to begin immedi- 

ately after the passage of the squall line. (23, p. 245) 

Tepper, using the same data, concluded that the precip- 

itation belt lay well behind the pressure jump. 

(20, p. 24) Apparently, Tepper is referring to the 

center of the precipitation activity. In an examination 

of the hourly precipitation amounts, Fujita found greater 

amounts of precipitation to occur in the regions of great- 

est excess pressure. (13, p. 408) Bergeron (4, p. 10 -11) 

has summarized the studies of pre -frontal squall line pre- 

cipitation. He stated that there is a maximum of intensity 

along the leading edge of the squall, decreasing to a 

minimum in the interior, followed by an increase in the 

intensity near the trailing edge. 

Mollo- Christensen (16, p. 191 -192) has proposed a 

theory to explain the distribution of intensity and rain- 

drop sizes in squalls. He argued that a raindrop falling 

in a vertical downdraft of air will not fall straight 

down, but will move toward the region of maximum downdraft 

velocity because it will experience a "lifting" force in 

the horizontal plane. He then concluded that the edge of 

a squall will be sharp with intense rainfall and down - 

drafts, followed by a decrease in rain concentrations and 

finally an increase. 
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Atlas and Plank explained the distribution of drop 

sizes by considering a sorting of the drops by gravity 

and vertical wind shear. The conclusions at which they 

arrived were similar to those of Bergeron and Mollo - 

Christensen. (1, p. 291 =295) 

RADAR FEATURES 

Most studies of the radar echoes of squall lines, 

particularly post- frontal squall lines, have concentrated 

on describing the gross features of movement, growth and 

decay, orientation, and movement of individual elements 

within the squall line. Fujita used the areal extent 

and swath of the echoes of pre -frontal squall lines to 

supplement the raingage network in describing the areal 

extent of precipitation. (13, p. 408 -409) Both pre -frontal 

and air -mass squall lines (instability lines) observed in 

the Thunderstorm Project were found to have a mean width 

of 36 miles, a mean length of 163 miles, and a mean solid 

length of 103 miles. (7, p. 125 -126) They found the pre- 

frontal squall lines to be oriented 13 degrees clockwise 

from the orientation of the cold front. The movement of 

the pre- cold -frontal squall line was found to vary 

greatly, varying between 5 and 30 miles per hour. Byers 

and Braham also noted that the movement of the individual 

elements of the squall line differed from the movement of 

the squall line by 12 degrees and 5.6 miles per hour (mean 
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values). It was also noted that elements fom d and 

dissipated on the squall line suggesting " the exist- 

ence of a preferred line formation. (7, p. 127) 

Cochran found two types of pre- frontal squall lines 

by radar analysis. The squall lines differed in the 

development of showers along them and in their width. 

22) 

Decker et, al. has noted the occurrence of lines of 

precipitation a short distance behind the front. 

(il, p. 22 -24) It might be mentioned that these lines 

were not referred to as post- frontal squall lines. 

(9, P. 
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SOURCES OF DATA 

The data for this thesis were obtained from several 

sources. The radar data were obtained from the library 

of films of the Plan Position Indicator (PPI) and Range 

Height Indicator (RHI) scopes of the AN /CPS -9 weather 

radar on McCulloch Peak five miles northwest of Corvallis. 

The radar film is chiefly of the PPI scope data while the 

RHI scope furnished supplementary data. The data were 

recorded on sixteen millimeter movie film, one frame 

being exposed for each three antenna sweeps on the PPI 

scope and each two antenna sweeps on the RHI scope. This 

technique of photography allowed time to be compressed 

when the film was viewed through a movie projector. 

(11, p. 4) 

The CPS -9 weather radar was operated on various 

ranges and degrees of antenna tilts during 1960 and 1961. 

Few RHI data were collected. During the 1962 observations 

the radar was operated on 25 statute mile range and +2.0 

degree antenna tilt. RHI observations were made every 

half hour at 10 degree azimuth intervals over the network 

of stations. 

The synoptic data for the cases during 1960, 1961 

were obtained from the aviation and synoptic teletype se- 

quences. (22) These data allowed the post -cold frontal 
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squall lines to be examined at successive one hour inter- 

vals. Figure 1 shows the 1960, 1961 network of stations. 

The data for the one case from 1962 were obtained from 

measurements made in a meso -scale network west of 

Corvallis in the Oregon Coast Range. An "L" shaped net- 

work (Figure 2) oriented roughly northwest -southeast, 

northeast -southwest was chosen so that a cross section 

along, and normal to a stcrm would be presented in the 

data at any given time. The spacing of the stations was 

chosen to be approximately two miles as recommended by 

Stout et. al. (19, p. 95) Observations were taken at 

ten minute intervals during the period of observation. 

Each observer was equipped with a Kollsman altimeter for 

pressure observations, a fan cooled psychrometer to 

measure temperature and moisture, a triangular plastic 

raingage, styrofoam blocks covered with aluminum foil to 

record hail size (12, p. 477), and Number 1 Wattman fil- 

ter paper coated with methylene blue dye (5, p. 461) to 

measure raindrop sizes. The filter paper was exposed by 

placing it on an exposing board, covering it, placing the 

apparatus normal to the falling rain, and then uncovering 

the filter paper for a short interval (1 to 10 seconds). 

Figure 3 shows the observational equipment furnished each 

observer. Appendix 1 contains a complete set of in- 

structions for the observers and the form on which the data 
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were recorded. 

The precipitation data for the cases of 1960, 1961 

were obtained from the hourly precipitation data published 

by the U. S. Weather Bureau (20) for the 55 recording 

raingages in northwestern Oregon. Figure 4 shows the 

recording raingage network. 



N 

Astor Exp Sta . 
Astoria WB AP -- n 

I -G- Seaside Goble 6 SW O t` o 

COASTAL _if_ rnonia 
Jewell Guard Sta 

0_ Timber 
Nehalem Glenwo_20 

- Warren 
Buxton Sauvies I 

Lees Campi© Button Mountaindale 

(-.) 
Portland WB City 

Tillamook Ì -Q- Cherry Grove 2 S 

Tillamook 12 E 

Forest Grove 
Dilley 1 SO Hillsboro 

FIGURE 4 
RAINGAGE NETWORK 

1960 - 1961 

e Denotes recording gage 

STATUTE MILES 

5 0 10 20 30 

Hood River Exp Star 
Vancouver Washougal 8 ENE - 

Portland)( Bonneville 
WB AP ß-, 

Troutdale Avn 

Gresham q _ t - Headwork% Ptlnd 
Portland NW N -GI t 
Oregon City ,O 

Brightwo d 

Carlton 13 W 0 G ''West Linn Govt Camp 
Haskins Dam 

Estacada 2 SE Aurora 

1 0 
Molalla 1 W .Q- ® Colton Three Lynx 

-0- ,--McMinnville -0- Á 
0 o Canby 1 S 

Cloverdale 1 NW 

Grand Ronde !Whitest. 2 NNW.. I 

I_ J -® O Willamina 2 S mILL.eMETTE ® Estacada 24 

Otis 2 NE Silverton 3 SSE 
Dallas -G - Scotts Mills 9 SE 

Salem WB AP y -A 

Falls City 1 

OfAMAINAL AN 

Valsetz , R 

Ì 
1 

-Q- -O- / ® Silver Cr Falls Detroit I 

Stayto 

MCCyk Yaquina Head LgtiSta- - ' ® Jefferson 

Summit' 

Newport Corvallis Corvallis Lacomb 1 WSW Marion Fork: 
Corvallis B E A Quartzville 13 SW Fish Hatc 

'Corvallis O \ 
4State Colt Albany 1N Detroit Dam PH 

T 

Water Bureau Philomath 2 SE o 
Tidewater 1 WSW 

O Alsea Fish Hatch 

-131- Detroit 

Waterloo 
o 

)\\ 

Holley o 
-0- Cascadia RS 

Bellfo tain 1 SW Belknap Spri 

Fern Ridge Dam 

Noti 2 ESE Q Leaburg 1 SW 
o Crow 4 NE 

O'Sántiam Jct 
t___ - 

s 8N.0- t 
Sisters-0 

Marcola McKenzie Bridge 1 

Eugene WB AP ' McKenzie Bride RS 

Florence 

VA L L E Y -o- Canar 
-¡- Saginaw 

+I 

CASCADl Cottage Grove 1 S O 
Drain 10 NNW®°fts orO- Dorena Dam 

Reedsport %Cottage Grove Dam i Westfir " 
Hatch ge 

Salmon 

Drain 1 NNE-0. 1 0 London Disston 1 NE 
0 Layng Cr 

Blackbutt 1N 
.1. nr 

Steamb Steamboat Crammed 
I 

4.Lowell 
pt 

NOR 

Elkton 3 SW 

I 

Kellogg 

Allegany 

I 

Sutherlin Cp Weyer r 

North Bend FAA AP Idleyld Park 4 NE O `` ® Steamboat RS 
_Winchester 

Roseburg WB AP O 
-0Toketee 

Falls 
Sitkum 2 SW I Little River 

-Q- 0 O Reston 
SOUTHWESTERN 

Myrtle Cr 12 ENE 
Bandon 

-0 

t 

`- 

( 

19 9 .. 

© 

Rex 1 S 
- -q 

. Q 

. 
-0- 

_ I ; ;- 
I 

: 

0_ ___ 

ems' 
I r 

. 

v . 

jI 

I 

..+ 

AREA 
A 

( 

3 NNW 
2 

Lookout Dam 
.7 

l _ _ 
- 

-0- 

- - 

A 

l / 
T 

I 

> 

O "m 

4 

I 

I 

Toketee 

-(¢ _ 

------ f_ 

/- N ® 

i 

9 
\ , 

I 

I 
'Y 

1 

I Q 
' -ß 

_ r-v--- 

-O 

V 

I 

i 

- 

I 

1 

v`^ 
I / 
I 

I Ht 
I 

` 
_ 

g 

' I 
_.. .. - 



20 

RESULTS 

The distribution of the synoptic parameters describ- 

ing pressure, temperature, moisture, clouds, and winds 

cannot be determined to the desired resolution from the 

Weather Bureau synoptic and aviation reporting network of 

stations because of the large time interval between ob- 

servations and the large distances between stations. The 

techniques of meso- analysis described by Pujita (13, 

p. 407 -408) to increase the available information form 

the basis of analysis of the synoptic data. The analyses 

of pressure, temperature, moisture, clouds, and winds were 

done with the aid of a time cross section. The time cross 

section (Figure 5) was plotted so that time runs from 

right to left. 

The winds have been entered to eight points and the 

wind speed to the nearest knot. The precipitation that 

fell between observations was entered on the bottom of 

the time cross section. The notes are self -explanatory. 

The notation used in the time cross section is R for 

rain, RB and RE for rain began and rain ended respectively, 

H for hail, S for snow, with the B and E applying to them 

also. Pressure has been entered on the cross section as 

tens, units, and tenths of a millibar, omitting the hun- 

dreds and thousands place as they can be understood to 
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be 0 and 1 respectively. Temperature and dew point 

temperature are in degrees Fahrenheit. The cloud amounts 

are plotted against their base height. A dotted line is 

used for scattered ( <5/10), a broken line for broken 

(5/10 - 9/10), and a solid line for overcast (>9/10) sky 

cover. 

Weather moves from west to east in the mid -latitudes, 

so that the time cross section is similar to a space 

cross section. The time cross section can be converted 

to a space cross section by determining the velocity of 

the phenomena past the station. If a system moves with a 

velocity of V past the station, the station can be con- 

sidered to move through the system with a velocity of -V. 

Because of this, the observations with time can be con- 

verted to observations with distance from the time - 

distance relationship of velocity. It is necessary to 

assume that all of the changes observed at a station are 

caused by the phenomena moving past the station and that 

no change occurs because of local influences. Fujita has 

indicated that for a period of one hour, the local changes 

are at least an order of magnitude smaller than the changes 

caused by advection. (13, p. 407) 

The data plotted on the time cross section for the 

cases from 1960, 1961 consisted of the regular and special 

hourly aviation reports. Temperature, dew point 

-. 
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temperature, pressure, winds, weather, clouds, and sup- 

plementary remarks were plotted. The cross sections for 

the case from 1962 are similar except that the time inter- 

val between observations is ten minutes rather than one 

hour. Whenever available, the traces from the recording 

instruments were plotted on the time cross section. After 

the time cross sections were converted to space cross 

sections, the data were plotted on meso- scale charts and 

analyzed. 

INDIVIDUAL CASE STUDIES 

The leading edge of the pressure sure was chosen to 

represent the leading edge of the post -cold -frontal squall 

line. Using the techniques described above, the pressure 

surge was followed across the Willamette Valley. For the 

purposes of this study, all the features of the post -cold 

frontal squall line are identified in time and space rel- 

ative to the leading edge of the pressure surge. 

CASE OF 28 APRIL 1962 

This case, for which a more detailed summary is pre- 

sented in this thesis, was chosen to serve as the model 

case. This case deserves more attention because of the 

greater amount and variety of data collected and the 

closer spacing of stations in the observational network. 
ti 
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The remainder of the cases are briefly summarized in the 

appendix. 

The Weather Bureau macro -analysis (22) at 1000 PST 

showed a stationary front over western Idaho and northern 

Nevada, reaching the coast near San Francisco. It was 

noted that this front had moved into that region as a 

cold front and the 1000 PST analysis was the first to show 

it as being stationary. Because of the time interval be- 

tween rawinsonde observations, nothing of the structure 

of the squall was revealed by the upper air observations 

and analysis. 

This squall line was observed in the meso- network 

set up west of Corvallis. Using the pressure surge to 

denote the leading edge of the squall line, it is readily 

determined from the time cross section that the passage at 

station 9 occurred at 1125 PST. A rapid rise in pressure 

and a rapid drop in temperature were noted. Figure 6 

shows the time cross section of station 9. The successive 

positions of the leading edge of the pressure surge and 

temperature drop are shown in Figure 7. As revealed by 

Figure 7, the temperature drop and the pressure surge did 

not occur together. A possible explanation for this is 

the effect of elevation because the temperatures were not 

reduced to a common level. Figure 8 is a composite chart 

of pressure and temperature. The leading edge has been 

. 

. 

f 



C
l
o
u
d
 
H
e
i
g
h
t
s
,
 
F
e
e
t
 

Cloud Type 

Weather 
Remarks 

Pressure 

20,000 

15,00 0 

10,000 

5,000 

Sc 

FIGURE 6 

TIME CROSS- SECTION 

STATION 9 28 April 1962 

Sc Ns Ns Ns Sc SG Sc 

Surface 

Temperature 

Dew Point 

Wind Direction 

Wind Speed 

Precip. Amount 

Time (PST) 

RE R 
clOarmq 
sw 

R RB 
cleorm9 

N 
clQoonq 
NwtOvevhea4 

R 

144 141 144 144 144. 141 141 141 

45 41 40 40 40 46 45 45 

38 36 36 35 35 40 38 38 r f r -.r r -.r -8. ,A 

5 10 20 30 30 10 10 10 

0 0.01 0.01 o.oi 0 0 o T 

8 s ó s i x ó ó ~ o 0 s O `n ó 

ti 

fi 

. 

r. 

4-3 

a) 

a) 

w 

1:: LI 



Solid line: leading edge of pressure surge 
Dashed line: leading edge of temperature drop 
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COMPOSITE ANALYSIS 
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marked by a bold dashed line with solid triangles denoting 

the direction of movement. The isobars appear as solid 

lines with their value expressed in millibars. The 

light dashed lines are isotherms, expressed in degrees 

Fahrenheit. The high pressure area is readily seen in 

this analysis. The temperature field is complex with 

a strong gradient appearing near the leading edge but not 

conforming to it. The temperature decreases behind the 

leading edge. 

An analysis of dew point temperature and relative 

humidity failed to reveal a sharp gradient of either 

across the squall line, although a general increase of 

relative humidity and a general decrease of dew point 

were noted. 

The wind and cloud observations were in such general 

terms that an analysis could not be made to a fine degree, 

although almost all observers noted an increase in the 

wind speed and gustiness at the time of passage of the 

leading edge. At some stations a wind shift was also 

noted. Most of the observers recorded the cloud type as 

stratocumulus during the passage of the squall line, al- 

though a few at the stations near Philomath noted some 

cumulonimbus clouds. 

The amount of precipitation that fell each ten 

minutes was plotted and analyzed. The total amount of 
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precipitation from the squall line was easily determined 

because no precipitation fell before or after the passage 

of the squall line. Isohyetal charts were prepared with 

an interval of 0.01 inch. The percentage of the total 

rain falling each ten minutes was then determined and 

analyzed by drawing isopercentage lines. A summary of 

the percentages was then made, showing the periods of 50 

per cent or greater rainfall for each station. 

In order to analyze the drop size data from the fil- 

ter paper records, the drop sizes were determined by 

calibrated circles. (5, p. 461) From the individual 

drops, the distribution of the drops in a sample was deter- 

mined. The analysis of the distributions was performed in 

two ways. Histograms were plotted for each distribution, 

and schematic histograms were plotted on charts at suc- 

cessive five -minute intervals during the passage of the 

squall line over the network. The second form of the 

analysis was to determine the theoretical radar return 

of the summation of the number of drops times their diam- 

eter to the sixth power (rUD6) for an arbitrary sample 

size of one full filter paper exposed for one second. 

These values of reflectivity were plotted on the network 

stations at successive ten -minute intervals and a scalar 

analysis performed of the arbitrary values. 

; 
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The analysis of precipitation by the methods des- 

cribed above revealed several features not predicted from 

the survey of pre -frontal squall lines. The onset of 

precipitation was observed to precede the leading edge of 

the squall at almost all the stations. One exception 

exists at station O. This one exception can be explained 

by considering the topography surrounding the station. 

The author suspects that the downslope nature of the 

topography to the west of the station allowed the cold 

air to be accelerated by gravity, carrying it ahead of 

the precipitation. 

The analysis of the percentage of precipitation fall- 

ing in each period revealed the more intense regions of 

precipitation by reducing the effects of topography that 

would be found in the actual amounts of precipitation. 

Figure 9 shows one of the charts of the percentage analy- 

sis. Figure 9 is taken for the same time as Figure 8, 

and a comparison of the two with Figure 7 reveals a more 

intense region of precipitation in the northern portion 

of the network. The squall line was observed to be moving 

more rapidly in this region. The percentage analysis has 

been summarized in Figure 10. This summary shows the ten - 

minute interval in which at least 50 per cent of the pre- 

cipitation fell. This analysis may be interpreted in 

three ways. Either the center of activity progressed 

y 
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FIGURE 9 

PER CENT OF TOTAL STATION PRECIPITATION 
FALLING IN TEN MINUTE PERIOD 

1130 - 1140 PST 
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FIGURE 10 

ISOCHRONES OF TEN MINUTE PERIOD 

IN WHICH AT LEAST FIFTY PER CENT 

OF THE PRECIPITATION AT EACH STATION FELL 

28 April 1962 
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toward the south- southeast, a new center of activity moved 

into the network at a later time, or the center was elon- 

gated along the squall line. The latter two explanations 

are more likely because of additional information fur- 

nished by the radar. 

The principal type of precipitation observed during 

the passage of the squall line was showers, though some 

hail was observed. 

An analysis of the hail size showed the size of the 

hail to be predominantly one -sixteenth inch in diameter. 

Supplementary notes on the data sheets indicated the hail 

to be soft, leading the author to conclude the hail was 

probably graupel. The times of occurrence of the graupel 

were plotted on a chart and isochrones drawn for times of 

occurrence. Figure 11 shows this summary. The hail 

occurred behind the leading edge of the squall line and, 

as in the case of the centers of maximum precipitation 

activity, several hail producing cells or a line of hail 

producing cells can be inferred. 

The analysis of the histograms of the drop size 

distributions and radar reflectivities revealed larger 

drops to occur along the leading edge and trailing edge 

of the squall line than in the center. Because the diam- 

eters are taken to the sixth power in determining the 

reflectivity, the author has used the reflectivity to 

represent the drop size distributions. It is also 



FIGURE 11 

ISOCHRONES FOR TIME HAIL BEGAN 
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preferred because it bears a direct relationship to the' 

intensity or the radar echo. Figure 12 shows an analysis 

of the radar reflectivity. 

The radar echo associated with this squall line was 

oriented due north -south, with a width of five miles. 

The total length could not be determined as it extended 

beyond the edge of the PPI scope; however, the length 

observed on the scope was 48 miles. The shape was irreg- 

ular with extensions, areas of no precipitation within 

the echo, and large intrusions of rainless areas. A 

comparison of the radar echo with the radar reflectivity 

at any given time revealed a surprisingly similar pattern 

considering that the radar echo did not sample the same 

drops sampled at the ground on filter paper and the 

variability of the radar signal returned to the receiver. 

Figure 13 shows the radar PPI scope presentation for 

1140 P$T. The intrusion of the rainless area west of the 

radar corresponds to the intrusion of lesser radar re- 

flectivity values shown in Figure 12, and the "hole" in 

the echo to the southwest of the radar corresponds to the 

reflectivity minimum near the lower portion of the network. 

The analysis of the radar film data consisted of 

comparing the PPI and RHI film data with the precipitation 

and synoptic analyses. The shape of the echo was compared 

to the edges of the squall line, the drop size 

i- 
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distributions, the theoretical reflectivity, the precip- 

itation patterns, both the isohyetal and percentage 

analysis, and the pressure, temperature, and moisture 

patterns. This was accomplished by superimposing the 

radar data on the different analyses. 

The vertical structure of the radar echo was compared 

to the precipitation patterns to determine whether a 

relationship exists between the height of the echo and 

the precipitation, and to attempt to determine identify- 

ing characteristics of the echo that would allow 

generalizations. 

The radar echo was observed to rotate 13 degrees 

counterclockwise about the center between 1110 PST and 

1140 PST. By drawing a straight line to represent the 

leading edge of the squall line at the two times, a 15 

degree counterclockwise rotation was observed about the 

same point. 

An examination of the RHI data revealed little in- 

formation on the type of precipitation other than a 

tendency for the echoes to be higher than 15000 feet over 

the stations at the time of graupel occurrence and less 

than 15000 feet when the precipitation was in liquid 

form. This would have placed the top of the echo in a 

region of temperatures of approximately -20 C or colder 

and -20 C or warmer, respectively, as interpolated from 



39 

the Salem Rawinsonde. One of the echoes under which 

graupel was observed to occur is shown in Figure 14. The 

left side of the figure points due east and the right 

side due west. 
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COMBINED CASE ST?TDIES 

Temperature and dew point temperature could not be 

examined in the individual cases because o" the lack of 

suff?.cient data. In order to study further the changes 

in these parameters caused by the squall line, they have 

been considered as a group, The temperature and dew point 

temperature change during each hour has been plotted in 

the form of a histogram. The changes were divided into 

two groups. One group shows the change in temperature 

from hour to hour at each station when no squall line 

passed the station during the hour. The other group shows 

the changes experienced during the passage of the squall 

line. Figure 15 shows the result of this study for the 

temperature changes. The figure shows a tendency for 

the temperature to fall as the squall line passes a 

station. Figure 16 shows a similar analysis of the dew 

point temperature charge. Again there is a tendency for 

the dew point to fall as the squall line passes. The 

reader is cautioned not to assume these temperature 

changes represent gradients. The gradients of temperature 

and dew point, especially temperature, are much greater 

than indicated by this type of analysis. 

An analysis of the precipitation was made for all 

cases by determining the number of centers and their 

distance to the leading edge where the precipitation 
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exceeded 0 %, 50 %, and 80 %. The 0 percent level includes 

all centers and shows only that most of the centers occur 

near the leading edge. The analysis of the 50 percent 

level led to a similar. conclusion. The 80 percent level. 

produced interesting results. The centers of 80 percent 

or greater occurred in a band close to the squall line 

leading edge and in a band 20 to 30 miles behind, with a 

zone of minimum occurrence between. The results are 

shown in Figure 17 in the form of a histogram where the 

abscissa is the distance from the leading edge and the 

ordinate is the number of centers at that distance. 

The features of the post -cold -frontal squall line 

observed on radar have also been summarized. Table 3 

shows a summary of the dimensions of the radar echoes. 

The data for 28 April 1962 have question marks because 

the echo extended beyond the limit of the PPI scope. 

(Figure 13, p. 37) p. 37) Table 4 shows the rotation of the 

radar echo and leading edge of the post -cold- frontal 

squall line. A clockwise rotation is considered positive 

and a counterclockwise rotation negative. In all but two 

cases, the values are in close agreement. 

The comparison of the precipitation's percentage 

center and the radar echo was made by plotting the 

direction and distance from the radar echo to the percent- 

age center. The center of the radar echo was chosen in a 
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TABLE 3 

DIMENSIONS OF RADAR ECHO 

DATE 
ECHO 
WIDTH 

TOTAL 
LENGTH 

SOLID 
LENGTH 

23 Oct. 1960 25 160 75 

22 Nov. 1960 25 155 75 

18 Dec. 1960 30 120 80 

5 Feb. 1961 20 100 35 

26 Mar. 1961 (Morn.) 15 150 90 

26 Mar. 1961 (Aft.) 15 80 10 

28 Apr. 1962 5 48? 32? 

all distances are in statute miles 

TABLE 4 

ROTATION OF ECHO AND LEADING EDGE 

DATE 
ECHO 

ROTATION 
LEADING EDGE 

ROTATION 

23 Oct. 1960 -+1.5 +16 

22 Nov. 1960 -5 -3 

18 Dec. 1960 0 +22 

Feb. 1961 +11 42 

26 Mar. 1961 (Morn.) + 6 -f 7 

26 Mar. 1961 (Aft.) 0 - 1 

28 Apr. 1962 -13 -15 

all values are in degrees c +4 denotes clock- 
wise rotation (- )denotes counterclockwise 
rotation 
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semi -objective manner. The irregularity in space of the 

echo made possible segmenting the echo and the centers of 

the segments were chosen as the points to compare with 

the precipitation centers. Figures 19a and 19b show the 

summary of this analysis. Figure 19a shows the position 

of the precipitation center with respect to the radar 

center and Figure 18b the number of occurrences with 

respect to distance. 

The analysis of the post -cold frontal squall lines 

has demonstrated a remarkable similarity between them and 

the pre -frontal squall lines described in the literature. 

All of the squall lines observed and analyzed in this 

thesis are much weaker than the pre- frontal squall lines 

described in the literature. 

Summarizing the salient features of the case studies, 

one notices in all the cases: 

a) a narrow zone with a steep pressure gradient 

denoting the leading edge of the squall line. 

b) a wide zone of higher pressure behind the lead- 

ing edge corresponding to the "thunderstorm" 

high. 

c) a region of low pressure preceding the leading 

edge which is probably the result of the 

pressure increase superimposed on a falling 

barometer and not necessarily caused by the 

squall line. 
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a temperature drop after the passage of the lead- 

ing edge some indication, that the temperature 

drop occurs in a narrow zone. 

e) a decrease of dew point at the passage of the 

leading edge, apparently occurring over a wide 

zone. 

f) a tendency for the wind to increase in speed and 

gustiness and occasionally show a shift at the 

passage of the leading edge. The winds asso- 

ciated with the squall lines were observed to 

have a strong component across the isobars. It 

should be noted, however, that such a condition 

often occurs in the Willamette Valley in the 

absence of squall lines. It was assumed that 

the zone of rapid pressure change denoted the 

leading edge, so the accelerations experienced 

because of the pressure field, even though geo- 

strophic balance is not obtained, can be 

accounted for. 

the amount and height of the low clouds was 

greatly affected by the passage of the squall 

line, though in some cases little change was 

detected. Evaporation under the cloud base could 

cause the lowering of the clouds by creating new 

clouds of the fracto= cumulus and fracto- stratus 

g) 

d) 

with 
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variety. The increase in the amount of cloudi- 

ness was caused by the mechanism producing the 

squall line. The cause of the clouds is asso- 

ciated with the formation of the squall line and 

cannot be answered by the analysis in this thesis. 

h) that the precipitation type is predominantly 

liquid with a slight preference for showers. 

Graupel was observed occasionally. 

i) the analysis of precipitation by the percentage 

techniques showed centers of precipitation 

activity along the squall line. Further analy- 

sis showed the centers to prefer a region within 

ten miles of the squall line and 20 to 30 miles 

behind the squall line. The large number of 

occurrences ahead of the squall line might be a 

combination of the effect of the mountains and 

the limitations of the technique. 

j) the radar echoes associated with the post -cold- 

frontal squall line are similar to those for the 

pre -frontal squall lines. The radar echoes 

showed several features at various times that 

related directly to the precipitation and meso- 

scale features. In the cases where the squall 

line appeared as a segmented line, the radar 

echo appeared as a segmented line. In one case, 



51 

22 November 1960, the individual echoes on radar 

moved nearly the same as the centers of precipi- 

tation activity. In several cases the leading 

edge of the squall line appeared to rotate, and 

at the same time a rotation was observed in the 

PPI echo. However, a rotation did not always 

appear in the echo whenever the leading edge 

showed a rotation. 
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DISCUSSION 

In the cases where the squall line echo and leading 

edge rotate, the cause of the rotation may be attributed 

to the cause of the squall line. In the case where only 

the leading edge was observed to rotate, the cold air dome 

may have accelerated and moved ahead of the radar echo 

because of local topographic influences. In each of the 

regions where this was observed (Portland, 18 December 

1960 and station 0, 28 April 1962), the topography is of 

a slight downslope nature with no major barriers. It was 

noted that rotation of the echo was observed in only one 

case where the leading edge did not rotate. 

The graupel was observed well behind the leading 

edge, as was noted above, and in the radar echoes' centers 

of activity. The echoes associated with the graupel were 

larger or in wider regions of the squall line. The dis- 

tance behind the leading edge at which the echoes are 

found would place them in the second maximum of occurrence 

of precipitation, e.g. Figure 13. 

Features a) through f), pages 47, 49, 50, and 51, are 

similar to the features of pre -frontal squall lines des- 

cribed by Fujita. (13, p. 410 -436) The lower pressure 

preceding the pressure surge in these cases is apparently 

more a result of the existing undisturbed pressure field 

than the mechanism described by Fujita. (15, p. 459) 

.w_ 
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The temperature drop, the pressure increase, and the in- 

crease of speed and gustiness of the winds all tend to 

support the idea that the surface features are caused by 

the production of cold air by evaporation of precipitation 

described by Fujita. (15) Though no observations aloft 

were taken, there is partial support from the radar data 

for the cold -air producing mechanism. The leading edge 

tended to correspond to the radar echo; and, as described 

in j), page 50, the rotation of the echo and leading edge 

have an apparent relationship. The one anomalous case 

(5 February 1961) may be a result of inaccurate measure- 

ments because of excessive ground clutter on the radar 

PPI scope. 

The features of the post- cold -frontal squall line 

which are similar to those of the pre -frontal squall line 

support the idea that differences between the two squall 

lines are of lesser magnitude than might be indicated by 

their positions with respect to fronts. The air mass be- 

hind the cold front is stable because the air is subsiding 

and tends to suppress convective activity, while the air 

mass ahead of the cold front tends to enhance convective 

activity because of the general upgliding motion over the 

front. For this reason it would be expected that post - 

cold- frontal squall lines would be weaker than pre -frontal 

squall lines. 

>' 
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CONCLUSIONS 

The post -cold- frontal squall lines in this study 

appeared at varying distances behind the cold front, 

ranging from a few tens of miles to several hundred miles. 

In one case study, 26 March 1961, two post -cold- frontal 

squall lines were observed behind a cold front. 

Several features appeared regularly in the observa- 

tions of the post- cold -frontal squall line and have been 

discussed above. The pressure surge, the temperature and 

dew point temperature drop, the increase of relative 

humidity, and the action of the winds appeared to be 

caused by evaporation of precipitation cooling the air. 

The precipitation and cloud characteristics apparently' are 

the result of an outside influence, probably the mechanism 

causing the squall line. The radar echo of the precipi- 

tation pattern showed a close correspondence to the rela- 

tive precipitation in the squall line and outlined the 

actions of the leading edge of the squall line. 

One of the most important conclusions drawn from the 

analyses presented in this thesis is the similarity be- 

tween the post -cold -frontal squall line and the pre -frontal 

squall line. The features observed in the post -cold- 

frontal squall line are of weaker intensity than in the 

pre -frontal squall line because the convective activity in 

the more stable air behind the cold front is of lesser 
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intensity. If the features are closely related to the 

convective activity, then it would be expected that the 

post -cold -frontal squall line would be weaker. 

The time cross sections and their conversion to space 

cross sections, along with the other techniques of meso- 

analysis used in this study, have been important tools 

in the analysis of the post- cold -frontal squall line. The 

conversion of time cross sections to space cross sections 

has increased the data available for analysis at any given 

time two to fourfold. The methods used to measure and 

evaluate the raindrop and hailstone sizes have increased 

greatly the information describing the precipitation. The 

technique of converting the precipitation to percentage of 

the total precipitation has allowed the centers of precip- 

itation to be separated and studied, although it has 

prevented a study of the orographic effects on the precip- 

itation. 
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APPENDIX 1 

INSTRUCTIONS FOR OBSERVERS 

Each observer was furnished with a set of instruc- 

tions and data sheets for the field operations in 1962. 

The instructions and data sheet reproduced in this 

appendix are the same except that they have been retyped 

to conform to the thesis page requirements. 

GENERAL 

The observational procedure in these instructions 

will be followed with no deviations - consistency between 

observers and observations is essential. 

All columns must be filled in for each observation 

except for the notes and remarks column. The times of 

observations are dictated by the variables themselves. If 

no change in any of the variables occurs, an observation 

will be taken every ten minutes. 

PRECIPITATION 

Observations will be taken for the following reasons: 

1. start or stop of precipitation 

2. change in type of precipitation 

3. noticeable change in the drop size distribution 

4. noticeable change in rate of fall 
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Each precipitation observation should include: 

recording the time of observation, the type of pre- 

cipitation, the amount of precipitation in the gauge; 

taking drop size sample, and hail sample if falling. 

For each drop size sample and each hail record, record 

the sample number on the data form, and record the station 

number and time on the filter paper or foil paper. Pick 

up hail samples and put in dry ice container. 

TEMPERATURE 

Record the wet and dry bulb temperature for each 

observation. 

CLOUDS 

Record the type, amount, height and direction of 

movement for the low, middle, and high clouds. 

SURFACE WINDS 

Record the direction and speed of the wind for each 

observation. 

FOR THE DIRECTION OF THE WIND AND CLOUDS, RECORD THE 

DIRECTION RELATIVE TO THE ROAD YOU ARE ON, ASSUMING THE 

ROUTE BACK TO CORVALLIS IS NORTH. 

VISIBILITY 

Record the prevailing visibility in miles and frac- 

tions of miles. If the visibility is reduced in any 

ti 

, 

I. 
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quadrant to an extent that the prevailing visibility is 

inadequate, record it as an addition in the notes and 

remarks column. Each observer will have to become 

familiar with the surrounding topography. 

OBSTRUCTION TO VISIBILITY 

Record the cause of the reduced visibility. 

STATION PRESSURE 

Record the altimeter height for the altimeter set 

to 29.92 inches for each observation. 

THUNDER AND LIGHTNING 

Record all occurrences of thunder and lightning as 

number of strokes per minute, direction and distance, 

using the five second rule. 

NOTES AND REMARKS 

Record all unusual and significant observations not 

covered by the data sheet and instructions. 
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CASE OF 23 OCTOBER 1960 

The Weather Bureau analysis (22) showed a cold front 

along the ridge of the Cascade mountains at 1600 PST. The 

flow aloft to 600 mb. was southwesterly with a low level 

wind maximum near 700 mb. The macro -surface analysis 

indicated that the isobars behind the front were oriented 

almost east -west, but the surface flow was predominantly 

southerly in the Willamette Valley. 

It is difficult to determine the exact time the post - 

cold- frontal squall line passed each station in the net- 

work because of the one hour interval between observations. 

An analysis of the time cross sections indicated the 

period in which the squall line passed each station. 

After converting the time cross sections to space cross 

sections, a scalar analysis indicated the position of the 

squall line at one hour intervals. Figure 19 and 20 show 

a summary of the pressure analysis. Figure 19 shows the 

successive positions of the leading edge of the squall 

line. As can be seen, the northern portion of the squall 

line moved faster than the southern portion. This figure 

also shows the leading edge as an irregular line rather 

than a straight one. The gentle curvature indicated by 

this analysis is probably a smoothing of a much greater 

irregularity because of the large distances between 

stations. Figure 20 shows the successive positions of two 
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isobars through the squall line. As can be seen from 

this summary, there is a general weakening of the pressure 

pattern as the squall moved across the Willamette Valley. 

A lack of detailed temperature and moisture data 

prevented a thorough examination of these two features. 

The lack of sufficient detail in the wind observa- 

tions prevented all but the most general analysis to be 

made. An increase in the wind speed and gustiness was 

noted in the region of the leading edge, and almost all 

winds associated with the squall line had strong cross - 

isobar flow components. 

The hourly observations of the Weather Bureau and 

Federal Aviation Agency do not include cloud type as a 

general ruler but much information is available on the 

height and amount of clouds. An analysis of the time 

cross sections shows a general lowering of clouds and an 

increase in amount, especially of the lowest layers, 

during the passage of a squall line. Rapid clearing of 

the low clouds is indicated after the squall line passes. 

The precipitation type observed to be associated 

with the squall line was entirely rain showers. The 

percentage analysis of precipitation showed centers of 

greater activity along the squall line. The centers ex- 

tended across the squall line and moved towards the 

north -northeast. One of the percentage analyses is 

+ 
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presented in Figure 21. The arrows in each center show 

the direction of movement. 

The radar echo on the PPI scope was 25 miles wide 

and 160 miles long. The echo was irregular in shape, 

varying from 10 miles to 30 miles in width. As it moved 

across the Willamette Valley, it was observed to break 

up into individual cells. The individual echoes moved 

towards the north -northeast and were associated with the 

centers of maximum precipitation activity. As the squall 

line moved across the Willamette Valley, it was observed 

to move faster on the northern end than on the southern 

end. The rotation of the echoes was 15 degrees clock- 

wise at the same time the leading edge rotated 16 degrees 

clockwise. 
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CASE OF 22 NOVEMBER 1960 

The Weather Bureau synoptic analysis (22) indicated 

the cold front off the Oregon coast at 1600 PST. However, 

by re- analyzing both the data available at the time of 

the Weather Bureau analysis and later data, the cold front 

was found in Eastern Oregon. The discrepancy between the 

Weather Bureau analysis and the author's analysis was 

probably caused by a weak front, followed by a squall 

line. The front was oriented nearly due north -south. 

As the front crossed the Willamette Valley, it began to 

occlude. The winds above Salem were southwesterly, nearly 

uniform in height, with no definite wind maximum existing 

at any level up to 400 mb. 

The meso- analysis of the squall line at hourly 

intervals showed a nearly uniform progression across the 

Willamette Valley. Figure 22 shows the successive posi- 

tions of the leading edge of the squall line. This figure 

shows the leading edge moving rapidly in its northern 

extent between 1500 PST and 1600 PST and rapidly in its 

southern extent between 1600 PST and 1700 PST. As can be 

seen in the figure, the leading edge is irregular, 

although there is probably much smoothing in the analysis 

because of the spacing of stations as was noted above. 

Figure 23 shows a summary of the isobaric pattern across 

the squall line. Two isobars were chosen as 
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representative and their hourly positions traced onto the 

summary. As can be seen from the summary, the squall line 

pressure gradient intensified as it moved across the 

Willamette Valley. A lack of sufficient dew point temper- 

ature data prevented an analysis. 

The winds associated with the passage of the squall 

increased in the region of the leading edge, and the 

entire wind system was not geostrophically balanced. 

The amount of the low clouds increased, with no 

change in level, as the squall line passed. Shortly after 

the precipitation zone associated with the squall line 

passed, the low clouds began to rise and thin. The near- 

ness of the cold front to the squall undoubtedly had an 

affect on the height of the clouds in this case. 

The precipitation type observed was continuous or 

intermittent rain. An analysis of the percent of pre- 

cipitation falling in each hour in which the squall line 

was observed, showed several centers of activity along the 

squall line. These centers of maximum activity moved 

toward the northeast. An example of these is shown in 

Figure 24. 

The radar display showed the squall line a short 

distance behind the cold front, and oriented in the same 

direction. The squall line appears as a line of indivi- 

dual echoes with a width of 30 miles and a length of 155 
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miles. The echoes moved from the southwest. The 

rotation of the echoes was five degrees counterclockwise. 

At the same time, the rotation of the leading edge was 

three degrees counterclockwise. A large amount of ground 

clutter prevented a comparison of the cells with the 

precipitation centers. 
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CASE OF 18 DECEMBER 1960 

The Weather Bureau analysis (22) showed a cold 

front oriented north -south between the ridge of the 

Cascade mountains and Redmond at 1500 PST. The winds 

aloft were from 230 degrees, increasing steadily with 

elevation. The freezing level was located at about 6000 

feet above sea level. 

The surface meso- analysis indicated that the squall 

line was dissipating on its southern end. The summary of 

the successive positions of the leading edge (Figure 25) 

shows the rapid dissipation between 1330 PST and 1430 PST. 

The summary shows a rapid movement on the southern end 

between 1300 PST and 1330 PST. In the following half hour, 

the northern end underwent rapid movement. The last 

three positions show a uniform movement and orientation. 

The leading edge shows irregularity, again smoothed for 

the reasons cited above. The summary of the pressure 

field (Figure 26) shows a general weakening of the pres- 

sure gradient and high pressure area behind the leading 

edge. 

The precipitation during the passage of this squall 

line was continuous and intermittent rain and rain 

showers. The percentage analysis again showed centers of 

activity along the squall line. In this case one center 
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was completely ahead of the leading edge. Figure 27 shows 

one of the percentage analyses, with arrows to denote the 

direction of movement. The patterns show an eastward 

movement. 

The radar echoes on the PPI scope appeared as a line 

of echoes oriented northeast -southwest. The line began 

dissipating dissipating on its southern edge shortly before the 

surface features began to disappear. No net charge in the 

orientation of the echo was observed during the period of 

investigation, although there appeared to be a rotation 

in it as it passed over the coast range. This apparent 

rotation may have been caused by orógra phis increases of 

precipitation. A rotation of 22 degrees clockwise was 

noted in the leading edge of the squall line. The 

dimensions of the squall line echo were 120 miles by 30 

miles at the beginning of the observation period and 60 

miles by 25 miles at the end of the observation period. 

An analysis of temperature and dew point temperature 

was not made because of a lack of a sufficiently dense 

network of stations. 

The surface winds showed an increase in the wind 

speed and gustiness behind the leading edge of the squall. 

As has been noted in the other cases, the wind had a 

strong component across the isobars. 

The cloud analysis from the time cross sections 
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showed a lowering and an increase in amount of low clouds 

during the passage of the squall and rapid clearing of the 

low clouds after passage. 
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CASE OF 5 FEBRUARY 1961 

The large scale weather pattern for this case was 

a north -south oriented cold front along the ridge line 

of the Cascade mountains. (22) The winds aloft, from the 

south -southwest, were nearly constant in height. The 

freezing level in this case was near 12000 feet and 8000 

feet. The dual position of the freezing level was 

caused by the frontal boundary overhead separating cold 

and warm air masses. The reader is reminded that the 

freezing level is lower in a cold air mass than in a 

warm air mass, and that cold frontal boundaries slope off 

behind the surface position. (8, p. 344 -345) 

The meso- analysis of this case showed the squall 

line as two segments, one in the central Willamette 

Valley, and one in southern Washington. The southern 

segment moved through the Willamette Valley with uniform 

speed. Figure 38 shows the successive positions of the 

leading edge. 

The analysis of the pressure field showed a weaken- 

ing of the sharp gradient at the leading edge as the 

squall line moved across the Willamette Valley. The 

northern segment in southern Washington showed little 

change in the pressure field as the squall progressed 

eastward. A summary of the pressure analysis is 

presented in Figure 29. 

, 

, 



0 
Q300 *pO t 89 

0400 

FIGURE 28 

SUCCESSIVE POSITIONS 

OF THE LEADING EDGE 

5 FEBRUARY 1961 

ozoo 

,Salem 
0400 

% Corvallis 

Eugene 

Hoqu 0 ymp, a 

Oleo 
, 

Astori 

0400 

Oleo 

C3oo 

i 
Portland 

- 

l 



 

FIGURE 29 

SUMMARY CF THE PRESSURE FIELD 

5 FEBRUARY 1961 

90 

o24.° 

i o23.G 

02 

/024,0 *Salem 

Corvallis 

Eugene 

I 



91 

The winds associated with this squall line showed 

little change as the leading edge moved by. Little or 

no wind shift was observed, although the change in the 

pressure field produced a greater non- geostrophic compo- 

nent in the wind patterns. 

An analysis of temperature and dew point temperature 

was not attempted for the reasons cited above. 

A pronounced lowering and increase in mount of the 

lowest layers of clouds was noted as the squall line 

passed all the stations. The cloud type indicated by the 

three hourly synoptic observations was stratocumulus and 

cumulus occurring together. 

The precipitation type observed during the passage 

of the squall line was continuous and intermittent rain. 

No hail was observed associated with the squall line. 

An analysis of the precipitation by the percentage 

techniques described above showed small isolated centers 

of activity along the squall line. A summary of the 

precipitation is presented in Figure 30. This figure 

shows one of the percentage analyses with arrows denoting 

the direction of movement of the centers. 

The radar echoes on the PPI scope showed the same 

segmentation observed in the meso- analysis of the squall 

line. One echo moved across the central Willamette 

Valley and another across southern Washington. The echo 
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was 20 miles wide and 100 miles long. Though the leading 

edge showed little rotation (two degrees clockwise), a 

rotation of 11 degrees clockwise was observed in the 

radar echo. 
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CASE OF 26 MARCH 1961 (MORNING) 

Two post- cold -frontal squall lines passed through 

the Willamette Valley on this date. The first case 

occurred during mid -morning and the second case during 

the early afternoon. Both squall lines occurred in the 

wake of the same front. The synoptic situation for 26 

March showed a cold occlusion in a large arc through the 

northwest. The reader is reminded that a cold occlusion 

is a cold front at the surface that has overtaken a warm 

front and lifted it aloft. (8, p. 314) The slope of the 

cold front portion of the occluded front is that of the 

cold front. In this case, the front was recently 

occluded so that only the cold front portion was located 

above the Willamette Valley as the squall lines passed 

through. The position of the front at 0400 PST was from 

Tatoosh Island to Redmond to Medford to Cape Mendocino. 

The freezing level as determined from a time cross section 

analysis of the Salem rawinsonde was 5000 feet. 

The meso- analysis of the squall line showed a much 

weaker storm, in terms of the pressure gradients asso- 

ciated with it, than those previously described. The 

leading edge of the squall line showed a greater movement 

during the first hour of observation than during the 

second. The squall line moved a greater distance on the 

northern end during the first hour, but during the second 
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hour, the movement was uniform along its length. Figure 31 

shows a summary of the movement of the leading edge of the 

squall line. The pressure field showed an increase of 

pressure behind the squall line, but of much weaker 

gradients than found in the other cases investigated. The 

increase in pressure appears as a ridge and is shown in 

Figure 32. The pressure field showed a weakening as the 

squall moved across the Willamette Valley. The winds 

show little change in direction as the squall moved by, 

but the speed increased and gustiness was observed on both 

ends though not in the center. The winds again showed a 

strong cross -isobar component as the squall line passed. 

A lowering of the clouds and an increase in amount was 

observed at all stations as the squall passed. 

The precipitation type associated with this squall 

line was primarily rain showers, though some graupel was 

observed on the northern end. The graupel occurred well 

behind the leading edge and almost one hour after the 

leading edge passed. The occurrence of the graupel this 

far behind the squall line may question whether the graupel 

occurrence is associated with the squall line. 

An analysis of the percentage representation of the 

precipitation showed several centers along the squall 

line. A summary of the precipitation analysis is pre- 

sented in Figure 33. The arrows denote the direction of 

movement of the center. 
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The radar PPI echo of the squall line was irregular 

and oriented in the same direction as the leading edge. 

The northern end of the echo was observed to move faster 

than the southern end, corresponding to the movement of 

the pressure surge. The echo rotated six degrees clock- 

wise while the leading edge rotated seven degrees clock- 

wise. Several apparent centers of greater precipitation 

were found along the squall line echo, generally conform- 

ing to the hourly precipitation analysis. The echo was 

150 miles long and 15 miles wide. 
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CASE OF 26 MARCH 1961 (AFTERNOON) 

The synoptic situation is much the same as described 

above for the squall that passed through the Willamette 

Valley during the morning except that the front had 

progressed further east. 

The meso- analysis of this squall line showed the 

line to be in two segments. The southern segment, loving 

between Salem and Roseburg, moved much faster than the 

northern segment which appeared to stall on the coast off 

Astoria. The progression of the leading edge is shown in 

Figure 34. Very little ridging of the pressure field 

appeared behind the squall line as it moved through the 

Willamette Valley though a slight pressure increase was 

noted behind the squall line. Figure 35 shows a summary 

of the pressure field. 

Again, as in the previous five cases, temperature 

and dew point temperature were not analyzed because of 

the lack of sufficient data. 

The analysis of the wind field indicated little 

change in the winds as the squall line passed, except on 

the southern end between Eugene and Roseburg. On this 

southern end, an increase in speed and gustiness was 

noted as the squall passed. The clouds, as in the pre- 

vious cases, showed lowering and an increase in amount at 

each station during the passage of the squall line. 
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FIGURE 35 

SUMMARY OF THE PRESSURE FIELD 
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The precipitation type associated with this squall 

was rain showers occurring in a narrow zone along the 

squall line. An analysis of the per cent of precipita- 

tion falling each hour showed an unconnected pattern of 

maximums and minimums moving along the squall line toward 

the north -northeast. Figure 36 shows a summary of the 

precipitation fields. 

The radar PPI echo from this squall line appeared 

as several lines. The northern line was displaced behind 

the southern line. The segmented lines were oriented 

along the direction of the upper winds and might be 

considered as elongated echoes across the squall line. 

The echo was q0 miles long and 15 miles wide. A counter- 

clockwise rotation of one degree was observed in the 

leading edge though no rotation of the radar echo was 

observed. 
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WINDS IN THE THUNDERSTORM HIGH 

The horizontal divergence observed in the surface 

winds of the meso -high (feature f, p. 49) is not entirely 

unexplainable. Two explanations for the outflow are 

offered in this appendix. 

The first explanation can be obtained by considering 

the equation of continuity. The equation: 
avy cx?e 

ax 

(8, p. 250) expresses the change in density (right side) 

as a function of the divergence. If Fujita's model (13) 

of the meso -high is correct, then , the vertical 

motion term, is downward or negative because w decreases 

with height (becomes more negative). The results of the 

study indicate that the pressure field changes little in 

8) the mature stage so that --pc .o. Ti This implies that 

+ must be positive and is interpreted as ax 

horizontal divergence. 

In the above explanation the coriolis and friction 

terms were assumed negligible because of the small scale 

involved. They may, however, be considered with the same 

resulting divergence. This second explanation is obtained 

through the equation of motion. Differentiating the 

equation of motion with respect Lo time, 
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(6, p. 212, the only variables in this equation, p 

and V, become functions of time. If the pressure is 

allowed to increase inside the peso -high, the two terms 

on the right must respond. The only variable is V, so an 

acceleration is experienced. By now considering the 

equation of geostrophic motion, 

Z 1T. v sir` 4 _ as n 

the observed ageostrophic flow can be explained. There 

is no acceleration term in the equation, thus implying 

that the pressure field does not change with time and 

that the isobars are parallel. The curvature term has 

also been neglected in this equation, thus implying 

straight parallel isobars. The conditions satisfying 

geostrophic motion are not met in the -high of the 

squall lire, so the flow is ageostrophic. 

One may further argue now that the acceleration is 

a result of the increasing pressure, so that the accelera- 

tion is normal to the isobars and directed outward. Be- 

cause the flow is everywhere directed outward from the 

center of the peso the flow is divergent, 

While the above arguments are valid, terrain and 

friction also are influencing factors. Friction has been 

covered in the literature (8, p. 215 showing that 

the friction term gives outward flow from a high pressure 

area. 
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The effects of terrain are much more complex, and 

cannot be treated with mathematics to a satisfying decree. 
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