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DEVELOPMENT OF A DRY LINE AS SHOWN BY ATS CLOUD PHOTOGRAPHY 
AND VERIFIED BY RADAR AND CONVENTIONAL AEROLOGICAL DATX 

by 

Dorothy L. Bradbury 

The University of Chicago 

ABSTRACT 

A series of A TS- III cloud pictures taken on 19 April 1968 shows 
the formation, development, and movement of a dry line. The line 
was detected on the A TS-III pictures long before it was observed on 
the radar screen and its development and motion was observed on 
consecutive ATS-III pictures at 14 min intervals over a period of six 
and one-half hours. 

A vertical cross-section through the dry dome shows that the 
isentropic layer extended up to the 500 mb surface and that the dry line 
was nearly vertical up to this height. The vertical distribution of 
the horizontal winds in the cross-section indicate jet maxima at 
three different levels, at and above the 600 mb surface, in addition 
to the low level jet located between 800 and 900 mb. The jet maxima 
most closely associated with the intense convective activity appears 
to be centered between 600 and 500 mb. 

1. Introduction 

In the spring of 1968 a Tornado Watch Experiment was conducted with the 

cooperation of NASA and ESSA. The principal investigators were Professor V. Suomi 

of the University of Wisconsin, Professor T . T. Fujita of the University of Chicago, 

and Mr. V. Oliver of NESC. On days when tornado and/ or severe storm activity was 

expected over the midwest the ATS-III was programmed to take half-scan pictures 

from the North Pole to the equator during each cycle, thus producing a cloud picture 

about every 14 minutes . This interval between pictures is very useful for the study of 

mesoscale systems such as squall lines , thunderstorm activity, and other small scale 

meteorological phenomena. 

1
The research reported in this paper has been supported by the U.S. Weather 

Bureau, ESSA, under grants E-41-22-69-(G) and E-198-68-(G). 



One day on which tornado activity was forecast was 19 April 1968. Scattered 

tornado activity did occur over eastern Oklahoma duririg the afternoon, but the most 

intense and destructive tornado passed through Greenwood, Arkansas around 1512 CST. 

Unfortunately, it was not possible to identify any single cloud element or cloud mass 

associated with this specific system because of the solid cloud cover over the entire 

area of thunderstorm activity. 

However , one significant feature on the series of A TS -III cloud pictures was a 

distinct line of convective clouds observed over the western Texas-Oklahoma Panhandle 

region which could be followed throughout an entire series of 29 pictures . This feature 

is often observed originating along the eastern slopes of the Rocky Mountains, especially 

over eastern Colorado and New Mexico, western Kansas and Nebraska and the Texas

Oklahoma panhandle area. As the air moves over the Rocky Mountains the subsiding 

air becomes extremely dry. Under clear skies the air is rapidly warmed and dew-point 

temperatures become very low. As this mass of air moves eastward a line of convec

tion forms between the mass of dry air and the more moist air ahead of it. The intensity 

of the convection varies with individual cases; some develop into very severe thunder

storms accompanied by tornadoes while others grow into thunderstorms of moderate 

intensity and weaken during the late afternoon as the solar heating decreases. The 

development of such lines and the direction and rate of their movement is of interest 

to forecasters in the Great Plains states and to aircraft operations in the area. 

Beebe (1958) described the development of such dry lines or fronts and 

Fujita (1958) described their structure and movement. Both used data obtained from 

three aircraft flights on 11 June 1956. During the spring and summer of 1956 the 

Tornado Research Aircraft of the U.S. Weather Bureau flew over and within such dry 

lines on days when convective activity was predicted. Observers on the aircraft were 

able to detect the first convective clouds soon after they formed, long before the clouds 

reached the stage of development to produce echoes that could be detected by radar. 

McGuire (1962) used aircraft data from two flights in 1959 and one in 1960 to determine 

the vertical structure of such fronts. He found these fronts to be nearly vertical and 

the dew point gradient across the line was nearly constant from the ground to the 700-mb 

surface. 
2 



On a TIROS IX photograph taken at 1242 CST on 11 April 1965 Fujita (1966) 

observed a cloud free dome of dry air over Oklahoma, Kansas, and Missouri. Soon af

ter the TIROS IX picture was taken the first tornado touchdown was reported over 

northeast Iowa and the convective activity spread eastward as the dry front advanced, 

with the most intense activity occurring over Indiana, southern Michigan and Ohio 

between 1600 and 1900 CST. 

It is the purpose of this paper to show that ATS-III cloud pictures can be used to 

detect dry lines soon after they develop, long before they can be picked up by radar and 

to follow their locations on consecutive frames to determine their motion and develop

ment. The ATS-III pictures were combined with conventional surface and upper-air 

data to study the three dimensional structure of the cool dry dome and to verify the 

development and movement of the dry line. 

2. Synoptic situation 

Early on 19 April 1968 the surface chart showed a weak low pressure center 

located over eastern New Mexico that was moving slowly northeastward. Very moist, 

stable, tropical Gulf air covered that part of the United States east of 100 W and south 

of 35 N. Haze and fog were reported at nearly every station in the 'area. A large 

continental anticyclone, centered over James Bay, dominated the northern part of the 

United States with a weak, diffuse warm front separating the air masses of polar and 

tropical origin. Overrunning of moist Gulf air resulted in widespread fog, drizzle and 

occasional light shower activity north of the front and in the frontal zone. 

By 1200 CST (fig. 1) the weak low pressure c·enter had become more organized, 

and a low pressure of 1001 mb was r eported over southeastern Colorado. As the center 

moved northeastward away from the Rocky Mountains the subsiding air brought in 

behind it became very dry. This is indicated by the large, nearly cloud-free tongue 

over eastern New Mexico and along the border of the Texas panhandle. 

At 1500 CST (fig. 2) the 999 mb low pressure center was located over southwes :

tern Kansas and the dry tongue had moved eastward across west Texas, spreading over 

the Texas and Oklahoma Panhandle region. Severe thunderstorm activity was reported 

3 



I -

1-

in northwest Arkansas at this time. During the afternoon there were six reported 

tornadoes over eastern Oklahoma, with the severest one touching down at 1430 CST 

near the Oklahoma-Arkansas border and passing through Greenwood, Arkansas around 

1512 CST. As can be seen from fig. 2 this activity was far in advance of the dry front. 

Figure 3 shows that by 1800 CST the low pressure center was located over south

central Kansas and had deepened to 996 mb. The dry air tongue had spread northeast

ward to Garden City and Dodge City, Kansas and as far eastward as Gage, Oklahoma 

and Childress, Texas. 

Figures 4, 5, and 6 show the isodrosotherrn patterns superimposed upon the ATS-III 

pictures for 1200, 1500, and 1800 CST, respectively. At 1200 CST a wind shift line 

separates the Moist Gulf air (dewpoints 14 to 20 C) from the modified continental air 

(dewpoints 2 to 10 C). The modified continental was transported into the region from 

an area east of the Rocky Mountains and had not undergone orographic subsidence. 

As can be seen in Fig. 1 the surface winds were blowing nearly parallel to the isodroso

therms in the modified continental air . This r esulted in the strengthening of the dewpoint 

gradient and produced the dewpoint front (A - A) or dry line along the windshift line. To 

the rear of this line the low cloud cover dissipated and only broken to scattered middle 

type clouds were observed. Farther west as the very dry air advanced a line of con

vection (B-B) formed between the very dry air and the modified continental air. The 

low-level winds in this very dry air were strong and gusty and the dry dome was advancing 

at a rate of about 30 knots. By 1800 CST the two dewpoint fronts had merged to form 

a very strong dry front over central Oklahoma. 

Figure 7 shows a time-section of pressure, temperature, dewpoint, cloud cover, 

and wind direction and speed between 0600 and 1800 CST for two reporting stations 

over which both dry lines passed during this time. The two stations are approximately 

120 n mi apart and a line joining the two would lie almost parallel to the dry lines. 

Dry line A-A passed over station CDS between 1200 and 1300 CST accompanied by a 

drop in dewpoint of SC and a shift in wind from south to southwesterly. The second line, 

B-B passed over the station after 1400 CST, with a rapid decrease in dewpoint tempera

ture and an increase in wind speed, becoming gusty, and accompanied by blowing dust. 
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The lower part of fig. 7 shows that line A-A passed over station GAG between 1300 

and 1400 CST accompanied by a dewpoint drop of 8. 3 C and was followed by line B-B 

! _ between 1500 and 1600 CST with a further drop of the dewpoint by another 9C. In both 

cases there was little change in the air temperature with the passage of the dry lines . 

I · The development and structure of the dry line B-B will be discussed in detail. 

3. Development and Movement of the Dry Line 

The development and movement of the dry line B-B was observed on the series of 

twenty-Tine.consecutive frames (nos . 6-34) of the ATS-III cloud pictures. The period 

covered was from 1135 through 1804 CST or a period of 6 hours 29 minutes. Figure 8 

shows the consecutive positions of the line of convection initiated by the dry line during 

the six and one half hour period. 

At 1200 CST (Fig. 4) the dry line B-B was indicated by two areas of convection 

separated by a faint line of scattered cumulus about 90 n mi in length. One area of 

1. convection was located in the Texas panhandle area just. southeast of Clovis, New 
I 

i Mexico and the other was just west of Amarillo, Texas. This latter cloud mass extended 

i0 

in a line northward through the Oklahoma panhandle to the Colorado border. No radar 

echoes were reported at the time of this picture. As the dry dome spread eastward 

r 
I 
I-

and northeastward the line of convection intensified and by 1300 CST a distinct solid 

line of clouds could be observed on the ATS-III picture. As the line moved through 

Amarillo (AMA) the dew point temperatures dropped from 8. 3 C at 1100 CST to 2. 8 C 

at 1200 CST, and to -4. 4 C at 1300 CST (see fig. 9). During the same period the cloud 

cover changed from scattered cumulus at 1100 feet to broken at 5000 feet to clear. The 

air temperature rose about 3. 3 C between 1100 and 1200 CST and remained nearly 

constant until after 1800 CST. The dewpoint temperature continued to lower and reached 

its minimum of -17. 2 C at 1400 CST and then began a gradual rise. 

The dry line B-B advanced at a nearly steady rate and the band of convective clouds 

grew broader during its intensification. The distance between the two dewpoint fronts 

narrowed since line B-B was moving at a slightly faster rate than A-A. By 1800 CST the 

two lines had nearly merged, especially at the northern end and convective activity 
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had greatly intensified. 

The first radar echo associated with dry line A-A was detected by the Oklahoma 

City radar about 1500 CST (fig. 5) and the Radar Summary issued by the Kansas City 

Severe Storms unit at 1445 CST indicated a thin line of light thundershower activity 

about 80 n mi west-northwest of OKC moving northeastward at 30 knots. One hour later, 

at 1545 CST, the radar summary indicated a wider band of echoes increasing in intensity 

with tops at 28, 000 feet. By 1800 CST this dry line B-B had merged with dry-line A-A 

to form a very strong front. The radar echoes associated with this front are shown in 

fig. 6 and are indentified by the dark shaded area through central Oklahoma. 

4. Vertical structure of the dry line 

Using aircraft data from the 1956 flights Fujita (1958) determined that dry 

fronts or lines were nearly vertical or tilted slightly toward the east. McGuire (1962) 

arrived at the same conclusion when he used aircraft data obtained in flight operation in 

1959 and 1960. Fujita (1966) constructed a chart showing the topography of the top of 

the dry dome by using conventional surface and upper air data combined with TIROS IX 

cloud pictures for the 11 April 1965 tornado case. He found that the dome extended up 

to above the 600-mb surface and that the isentropes at the leading edge formed a nearly 

vertical wall. 

Dry front B-B observed in this case of 19 April 1968 differed from the formerly 

described cases in that it formed between the very dry air and the modified continental 

polar air thB;t had not undergone orographic subsidence rather than between the very dry 

subsiding air and moist tropical air. 

The upper part of fig. 9 shows the vertical temperature and dewpoint distributions 

at Amarillo, Texas (AMA) at 0600, 1200, and 1800 CST on April 19. The upper winds 

are indicated in the left margin with the numbers representing the speed in kts .- At 0600 

CST the sounding shows a strong inversion just above the ground about 3000 ft in thickness 

with relatively moist air above to about the 500-mb surface. With the rapid heating 

and vertical mixing during the late morning hours the low level inversion was replaced 

by an adiabatic layer about 5600 ft deep with 8 = 298 K at 1200 CST. The 0600 CST 
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sounding shows advection of very moist air below the inversion and nearly zero wind 

speed shear in the unstable layer between 800 and 700 mb. The light drizzle and fog 

reported on the surface observations (lower chart) between the hours of 0600 and 0900 

CST agrees with the upper air conditions indicated by the 0600 CST sounding. With 

the passage of the dry line B-B over AMA around 1200 CST dry air was advected at 

all levels below 500 mb and the cloud cover dissipated. The surface air temperature 

had reached its maximum ( 8 =300 K) by noonday and changed very little during the 

afternoon, even under clear skies. However, the dewpoint temperature continued to 

decrease, reaching a minimum of -17. 2 C at 1400 CST. The 1800 CST sounding 

shows that as the result of vertical mixing in the lower levels and advection of cool 

dry air between 700 and 500 mb the air is nearly isentropic from the ground to about 

18, 000 ft . Within the dome the winds are nearly constant with height, indicating very 

little vertical wind shear. The is entropic layer is topped by a strong inversion of 5 C 

about 1500 ft in thickness and through this layer the winds increased from 48 knots to 

84 knots . 

A vertical cross -section between Little Rock, Arkansas (LIT) and Albuquerque, 

New Mexico (ABQ) at 1200 CST intercepts the dry line B-B near AMA. Shown in fig. 10 

is the vertical temperature distribution and the isentropic analysis . Since ABQ was not 

scheduled for a special radiosonde at this hour, the vertical pressure-temperature 

distribution was interpolated from its 0600 and 1800 CST soundings. As can be seen, 

in the moist tropical air the isentropes below the 850-mb surface are parallel to the 

slope of the topography eastward from Amarillo. To the west of AMA the 298 K isentrope 

is near the 630 mb surface, the highest point of the dry dome at this time, and just 

to the east of Amarillo it drops down to near the 900-mb surface in the moist tropical 

air. The steepest slope appears to be over or slightly to the east of AMA. 

Figure 11 shows the wind analysis for this same cross-section with isovels drawn 

in intervals of 10 knots. It shows three distinct jet maxima intersecting the vertical 

plane. The subtropical jet stream is near the height of the 150 mb surface, the polar 

front jet is near the height of the 250 mb surface , and a third maxima is located in the 

vicinity of the 500 mb surface in a region of maximum slope of the isotherms and 
7 



isentropes. This maxima extends eastward over the area between TIK and FSM which 

show moderately strong convection from surface reports. 

The vertical cross-section through the same area at 1800 CST is shown in figs. 

12 and 13. The dry dome has now expanded in height to where the highest point of the 

dome is near the 500 mb surface. At this time the isentrope 8 =302 K is near the 

500 mb surface over AMA and drops to near the 850 mb surface over TIK and remains 

at this height eastward to LIT. The wind analysis for 1800 CST shown in fig. 13 

also indicates multiple jet maxima intersecting the vertical plan; the subtropical jet 

near the 225 mb surface, the polar front jet near the 300 mb surface, and a third jet 

near the 400 mb surface above the line of convective activity east of TIK. One other 

feature shown in the wind analysis is that just above the dry dome over AMA the wind 

increases from 48 to 84 knots through the temperature inversion about 2000 feet in 

thickness. 

5. Summary and Conclusions 

This study has shown that mesoscale phenomena such as dry fronts can be observed 

on ATS pictures soon after they form and their development and motion can be determined 

from consecutive pictures. Although this specific dry front did not initiate very severe 

thunderstorm and/ or tornado activity, there are numerous cases when such activity did 

occur. Therefore it is important for such lines to be detected as early as possible 

from the forecaster's point of view. However, the three dimensional structure of such 

systems can best be determined by combining conventional upper air data and radar 

pictures with the A TS pictures. 
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Fig. 1. Surface chart for 1200 CST on 19 April 1968 with isobars (solid lines) and 

air temperatures (dashed lines ). Stippled areas represent composite radar 

echoes detected a t this time. Surface data plotting s ymbols: Q =amt. of low 

cloud with base < 8000 fl ., G) = amt. of middle and high cloud with base 

> 8000 rt., L--:25 knots, \...--: 5 knots. 

Fig. 2. Surface chart for 1500 CST on 19 April 1968 with isobars (solid lines) and 

air temperatures (das hed lines). Stippled areas represent composite radar 

echoes detected at this time. Surface data plotting symbols: s ame as for 

F ig. 1. 
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Fig. 3. Surface chart for 1800 CST on 19 April 1968 with isobar s (solid lines) and air 

temperatures (dashed lines). Stippled areas represent composite radar 

echoes. Surface data plotting symbols: Same as for fig. 1. 

Fig. 4. A portion of ATS III cloud picture taken at 1203 CST on 19 April 1968 with 

composite radar echoes indicated by stippled areas. Surface isodrosotherms 

are d rawn for 2C interval s and the two dry line zones are indicated by A-A 

and B-B. The large radar echo over north central Arkansas (shown in Fig. 1) 

was omitted from this figure since it does not relate to any severe convective 

activity. 
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Fig. 5. A portion of ATS llI cloud picture taken at 1503 CST on 19 April 1968 with 

composite radar echoes indicated by stippled areas. Surface isodrosotherms 

are drawn for 2C intervals and the two dry line zones are indicated by A-A 

and B-B. 

Fig. 6. A portion of A TS III cloud picture taken at 1805 CST on 19 April 1968 with 

composite radar echoes indicated by s tippled areas. Surface isodrosotherms 

are drawn for 2C Intervals. The two dry lines are nearly merged into one 

wide zone just west of OKC. 
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in the left margin of the graph. 

Lower par t : Time section of pressure, air temperature and dew-point 

temperature reported at Am arillo between 0600 and 1800 CST. Cloud cover 

and s ur face winds are a lso indicated. The numbers opposite the wind s hafts 

are reported wind speeds In knots. 

14 

I 

::::> 
4 gi 

w 
3 !!: 
2 

I 

000 



...... 
(./1 . 

• 

19 APRIL 1968 1200 CST 

- ·-«>.! fl8t-653 
~ Ml·-· ·------- •-e&..•--

-----4'° ------
~------4($fK 

1:50 

200 

400 

eoo 

is.z:u.z 

~ ...:;of)li,6 ~j. :r,'r o~o·-. ~'~ 22 . .. 13 ~ ..... ,.. T• to• ... ¥ ......... 4 
ABQ TCC AMA HBR TIK ••FSM LIT 

MLC 

Fig. 10. Vertical cross-section between Littl e Rock, Arkansas (LIT) and Albuquerque, 
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Heavy line indicates tropopause. lsovels are drawn for ever y 10 knots. 
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