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ABSTRACT 

The dryline, or dewpoint front as it is known during 

the night, is a very important weather producer over the 

West Texas region. The location and movement of the 

dryline influence to a significant degree where rain and 

possible severe weather can occur. A technique for 

placing the dryline without plotting surface data would 

be very useful. It has been shown in a recent study that 

the infrared satellite imagery can detect the dewpoint 

front during the nighttime. Another technique similar to 

this would be advantageous during the daytime. This 

study examines the possible use of water vapor imagery as 

a device to detect the dryline. Using the 

characteristics of the water vapor imagery a 

determination of how far into the atmosphere the 

satellite can "see" was made. It was found that the 

satellite could not observe the lowest 100 mb above the 

surface needed to detect the dryline/dewpoint front 

unless a 50°C dewpoint depression, which is not reported 

under current sounding procedures, was present down to 

the lowest 100 mb. 
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1.1 Background 

CHAPTER I 

INTRODUCTION 

Over the Plains states a narrow zone of sharp 

moisture gradient can form and aid in the development of 

strong or even severe thunderstorms. The 

climatologically preferred season of occurrence is spring 

and early summer (Schaefer, 1986). The boundary is 

called the dryline (Beebe, 1958) during the daytime and 

the dewpoint front (McGuire, 1962) during nighttime 

hours. Knowing the location of this boundary could be 

very helpful when forecasting where rains may fall. 

The dryline was first identified in the 1930's when 

Byers (1937) made a distinction between maritime tropical 

air and dry continental tropical air. Since that time 

much research has been performed to determine the 

characteristics of the dryline. Carlson and Ludlam 

(1968) determined that there are three air masses 

involved in the formation of the dryline. Two of these 

air masses are at the surface and the other is an upper

air mass. At the surface to the west of the dryline a 

continental tropical air mass representative of the 

desert southwest is present. To the east a maritime 

tropical air mass, originating over the Gulf of Mexico, 
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is brought north and west by south or southeast winds. 

At upper levels an air mass originating over the tropics 

is brought in by a southwest flow. As this tropical air 

moves over the Mexican Plateau it is modified and becomes 

very similar to the surface air mass to the west of the 

dryline. For this reason Schaefer (1973) did not 

consider the upper air mass and the surface air mass to 

the west of the dryline as different. 

The presence or absence of convection and the nature 

of the movement of the dryline permit the identification 

of four classes of drylines. When convection is present 

the dryline is referred to as "active" and when there is 

no convection the dryline is referred to as "quiescent." 

The "recurring" dryline occurs when the dryline moves 

westward during the night, being referred to then as a 

dewpoint front. The "transient" dryline moves steadily 

eastward. The quiescent dryline will be investigated in 

this study. The vertical structure of the dryline has 

been widely studied. Beebe (1958) found that at 800 mb 

there can be a 12 to 15°C change in the dewpoint over a 

horizontal distance of 1.5 km. In other traverses across 

the dryline an eastward slope with increasing height was 

observed (Fujita, 1958) . McGuire (1962) also found the 

eastward slope from 850 mb up to 750 mb, while below 

850 mb the boundary was nearly vertical. 
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Schaefer (1973) developed an explanation of the 

movement of the dryline from observations that it is 

better defined during the afternoon than in the early 

morning. Since the terrain of West Texas slopes downward 

to the east, the depth of the moist surface layer will be 

much greater to the east. Thus, the farther to the west 

a station is located the faster the moisture can be 

eroded away by mixing, once the early morning surface 

inversion has been broken. This can make the dryline 

appear to "jump" eastward as it begins to move. 

During the nighttime hours a different process takes 

place and moves the dryline back to the west as the 

dewpoint front. As the air behind the dryline begins to 

cool a nocturnal inversion forms. With the mixing from 

above cut off, the drying of low-level air behind the 

dryline is stopped. With the winds to the east of the 

dryline from the southeast, the moisture east of the 

dryline can return to the area it occupied early in the 

day. Cooling progresses more rapidly in the drier air 

west of the moisture boundary. The dry air becomes more 

and more dense than the moist air east of the boundary, 

and eventually halts its westward progression. The 

dryline remains in this location until the cycle repeats 

itself with the breakup of the surface inversion the next 

morning. 
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1.2 Research Objectives 

The placement of the dryline is very important in 

determining the location of the occurrence of 

precipitation or severe weather. A technique for placing 

the dryline without plotting surface data would be very 

useful. 

The first objective of this study is to show that 

the dryline can be located from infrared satellite 

imagery. The technique employed in this portion of the 

study follows the method used by Mickelson (1984) . 

Second, since the infrared imagery is only useful in 

locating the dryline during the nighttime (Mickelson, 

1984), it would be advantageous to have another means of 

location, especially during the daytime. The recent 

availability of water vapor imagery may provide such a 

tool if the drier air west of the moisture boundary can 

be detected in the satellite images. At issue is whether 

the satellite can "see" far enough into the atmosphere to 

detect the dry air. Both surface and upper-air sounding 

data will be compared with satellite images to determine 

if water vapor imagery can be of help. 
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2.1 Surface Data 

CHAPTER II 

METHODS OF ANALYSIS 

The surface data used for this research were the 

conventional surface weather data across eastern New 

Mexico, West Texas, and western Oklahoma (Fig. 2.1). 

From the surface data analyses of the dewpoint 

temperature, mixing ratio, and the adiabatic equivalent 

potential temperature were created. To get the mixing 

ratio and adiabatic equivalent potential temperature, eaef 

a computer program was created. These values from the 

program were also plotted on a surface map to find the 

location of the dryline. The 50°F dewpoint temperature 

isodrosotherm, the 9 g kg-1 mixing ratio isohume, and the 

tightest gradient of ea. were used for the placement of 

the dryline. 

2.2 Upper-Air Data 

Another source of data was radiosonde measurements 

from 0000 GMT and 1200 GMT. The stations used were the 

Texas stations of El Paso, Midland, Del Rio, Stephenville 

and Amarillo, as well as Norman, Oklahoma (Fig. 2.1). 

From these stations both individual sounding and vertical 

cross sections of moisture content were plotted to 
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Figure 2.1. Surface reporting stations along with upper
air stations which are denoted by * 
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determine the vertical location and the vertical 

thickness of the moist layer. 

2.3 Satellite Imagery 

Satellite imagery was also used for this research. 

Visible, infrared, and water vapor imagery were used to 

determine the position of the dryline/dewpoint front. 

There are restrictions placed on each type of imagery. 

The visible imagery is of great value during the daytime 

if a dryline is known to be present and is helpful for 

noting when cumulus clouds begin to form on the dryline 

(Fig. 2.2). The infrared imagery is very useful for the 

placement of the dryline during the nighttime hours. 

Since the satellite can detect the difference in the 

temperature from one side of the dryline to the other, it 

shows up on the imagery as a boundary between darker gray 

to the east and a lighter gray to the west. One drawback 

is that the imagery is useful only if there are no clouds 

present (Fig. 2.3). The water vapor imagery seems to be 

a possible way to determine the position of the dryline 

at any time of the day. 

Water vapor imagery is very useful for observing and 

locating upper air circulations along with being useful 

for finding areas of drier air (Weldon, 1991) . The 

content of a water vapor image depends on the wavelength 
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Figure 2.2. Visible satellite image at 2331 GMT on 14 
May 1991. 
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Figure 2.3. Infrared satellite image at 1131 GMT on 11 
April 1991. 
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of the radiation, the amount of water vapor within the 

path of the radiation, the vertical location of the 

moisture, and the temperature of the air column. 

The radiation reaching the satellite is sensitive to 

the wavelength. The 6.7 and 7.3 ~bands are most 

commonly used. In this research the 6.7 ~band was 

used. The 6.7 ~band radiation is more highly absorbed 

and is more sensitive to the differences in the amount of 

water vapor (Weldon, 1991). 

The brightness temperature (T8 ), which is determined 

from the satellite imagery, is also dependent on the same 

characteristics. The radiation arriving at the satellite 

can be from the surface, cloud tops, water vapor within 

the atmosphere or any combination of these three. If no 

water vapor or clouds are present, then the brightness 

temperature obtained is the temperature of the surface 

and will be black on the gray scale. When water vapor is 

present in the atmosphere, the radiation reaching the 

satellite is not from a single surface or level, but from 

a layer of the atmosphere. The brightness temperature is 

the net temperature of that layer and can be determined 

by the gray scale. The shade of gray is dependent on the 

amount of water vapor within the path of the radiation. 

The vertical location and the thickness of the layer 

of moisture are other factors that affect the gray scale. 
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Figure 2.4 shows the effect of the vertical location of 

the water vapor. The closer the vapor is located to the 

ground, the darker the gray shade will be. If the vapor 

is higher in the atmosphere then the gray scale will 

become lighter, eventually becoming white if the water 

vapor is high enough. Figure 2.5 shows the effect of the 

thickness of the layer of moisture. The thinner the 

layer of water vapor the darker the gray shade. As the 

amount of water vapor increases in thickness the 

satellite will not be able to see as far into the 

atmosphere and the gray shade will become lighter 

(Weldon, 1991) . 

The temperature of the layer can also affect the 

gray shade. The warmer the layer of water vapor that the 

satellite is seeing the darker the gray shade and the 

colder the air the lighter the shade will be. The best 

way to interpret what the satellite is seeing is through 

the analogy of looking into a fog. As the density of the 

fog increases, your visibility decreases. The satellite 

"sees" in the same way, but senses the temperature of the 

water vapor layer. With these ideas it seems possible 

that water vapor imagery could be a possible tool for the 

detection and placement of the dryline. West of the 

moisture boundary the air is very dry and the satellite 

will be able to see nearly to the earth's surface. East 
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Figure 2.4. The effect of the vertical location of the 
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representative of that level in the atmosphere (Weldon, 
1983) . 
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of the moisture boundary the satellite will not be able 

to see nearly so far into the atmosphere. The altitude 

and vertical thickness of the moist layer will determine 

if the dryline can be detected. 
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CHAPTER III 

CASE ANALYSES 

Two cases have been selected for analysis based upon 

two primary factors. One was how well the moisture 

boundary showed up in the infrared satellite imagery. 

With it being easily detected, a comparison of the 

satellite observed boundary with the surface boundaries 

could be made. The boundaries used were the dewpoint 

temperature, mixing ratio, and adiabatic equivalent 

potential temperature. These boundaries have been shown 

to be the most reliable for the placement of the dewpoint 

front (Michelson, 1984) . The other reason was the 

availability of water vapor imagery along with data from 

most of the surface and upper-air reporting stations in 

West Texas and western Oklahoma. 

Soundings and vertical cross sections were analyzed 

to determine the upper air moisture patterns over West 

Texas and western Oklahoma. The stations used were 

Amarillo, Midland, El Paso, Del Rio, and Stephenville in 

Texas and·Norman, Oklahoma. Next, by using the satellite 

images that had been collected, brightness temperatures 

were determined for each site using the gray scale. By 

combining the brightness temperature (T8 ) with the 

sounding for each station, an equivalent pressure (PE) 
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was determined. The equivalent pressure is the pressure 

on the sounding at which the brightness temperature and 

the temperature of the environment are the same (Fig. 

3. 1) . 

The brightness temperature and the equivalent 

pressure were compared with the surface temperature and 

pressure to estimate differences from one side of the 

dryline to the other. This also determined how far into 

the atmosphere the satellite was seeing. When comparing 

the temperature and brightness temperature, if the 

station is to the west of the dryline there should be a 

smaller difference than for a station east of the 

dryline. Since the air is drier west of the dryline, the 

satellite should see closer to the surface and the 

brightness temperature will be closer to the surface 

temperature. The same comparison can be made with the 

equivalent pressure and the surface pressure. Again, the 

smaller the difference between the two, the closer to the 

surface the satellite is seeing in the drier air. 

3.1 Case 1: Synoptic 
Settina 1200 GMT on 11 
April 1991 and 0000 GMT 
on 12 April 1991 

At 1200 GMT an area of low pressure was situated 

over southeastern Colorado with a cold front extending 
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Figure 3.1. Sounding for Midland, Texas at 1200 GMT on 
11 April 1991. Using the brightness temperature (T8 ) 

determined from the water vapor imagery and indicated at 
the top, the equivalent pressure (Pt) can be determined. 
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through central New Mexico into southeastern Arizona 

{Fig. 3.2). To the north of the low pressure center a 

pressure trough stretched into central Montana. A warm 

front along the western Gulf coast changed into a 

stationary front over northern Florida and continued out 

into the Atlantic. In West Texas the dryline position 

analyzed by the National Meteorological Center (NMC) was 

over the western Panhandle south to near Hobbs, New 

Mexico {HOB) and then south to near Marfa, Texas (MRF) 

By 0000 GMT on 12 April the low pressure center was 

situated over northeast New Mexico with the cold front 

extending through central New Mexico and just reaching 

the southeast corner of Arizona {Fig. 3.2). To the north 

of the low pressure center, the pressure trough was still 

present into Montana. The warm front along the Gulf 

coast at 1200 GMT was now farther north. It extended 

from the low pressure center northward into Nebraska and 

then southward to southwest Arkansas with the stationary 

front remaining over northern Florida continuing east 

into the Atlantic. The dryline had moved east of its 

position at 1200 GMT. It now extended southward from the 

warm front in north central Kansas to the eastern 

Panhandle of Texas just west of Childress then southward 

between Sanderson (P07) and Del Rio (DRT), Texas. 
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Figure 3.2. NMC surface analysis. (a) At 1200 GMT on 11 
April 1991 and (b) 0000 GMT on 12 April 1991. 
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At upper levels a cutoff center of low pressure at 

the 500-mb level was located over the western portion of 

the United States centered over Utah (Fig. 3.3). This 

produced a strong southwest flow over West Texas. Very 

little change occurred in the upper level flow from 1200 

to 0000 GMT. 

Looking at the water vapor image on 11 April 1991 at 

1201 GMT some of the upper level features can be observed 

(Fig. 3.4). The trough over the western United States 

can be seen due to the dry air, black on the gray scale, 

at the base of the trough. Also the drying as the 

southwest flow moves over the Mexican Plateau can be 

observed. The bright white shades over the central 

United States are thunderstorms that lasted through the 

nighttime hours. 

At 0001 GMT on 12 April 1991 the same features can 

still be seen on the water vapor image (Fig. 3.5). The 

only difference is that the area of dry air is smaller. 

Again, the brighter white on the image indicate 

thunderstorms that have developed. 

3.2 Dryline Position 

Figure 3.6 shows the location of the dewpoint front 

in West Texas and the Oklahoma Panhandle at 1200 GMT. 

The three boundaries used to place the dewpoint front are 
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(b) 

Figure 3.3. NMC 500 mb analysis. (a) at 1200 GMT on 11 
April 1991 and (b) 0000 GMT on 12 April 1991. 
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Figure 3.4. Water vapor image at 1201 GMT on 11 April 1991. 
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Figure 3.5. Water vapor image at 0001 GMT on 12 April 1991. 
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Figure 3.6. Analysis of surface boundaries. (a) At 1200 
GMT on 11 April _1991 and (b) 0000 GMT on 12 April 1991. 
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the dewpoint temperature, mixing ratio, and adiabatic 

equivalent potential temperature. The NMC analysis of 

the dryline, which does not agree well with any of the 

boundaries or the infrared image, is also shown for 

comparison. At 1200 GMT the boundary seen on the 

infrared satellite image is included in the analysis. 

When the surface boundaries agree closely the boundary on 

the infrared imagery is well defined also, as in Figure 

2. 3. 

By 0000 GMT the dryline had moved to the east, as 

expected, to near Gage, Oklahoma west of Childress, and 

southward between Sanderson (P07) and Del Rio, Texas 

(DRT) (Fig. 3.6). Since the infrared imagery is not 

useful for dryline detection during the daytime, only the 

three surface boundaries are a source for the placement 

of the dryline. The NMC analysis of the dryline agreed 

reasonably well with the other boundary locations. 

3.3 Results 

A technique for locating the dryline after sunrise 

would be useful. An attempt to use the water vapor 

imagery is described below. 

At 1200 GMT on 11 April 1991 the dryline was located 

west of every sounding station except for El Paso, Texas 

(ELP) (Fig. 3.6). The vertical moisture profiles for 

25 



this time (Fig. 3.7) show a change in the amount of low

level moisture when moving to the south and east. (Note 

that ELP, MAF and SEP form an east-west vertical cross 

section, while AMA, MAF and DRT form north to south.) 

Above 700-mb the cross-sections show that it is much 

drier to the east. Because the moist layer is very 

shallow at AMA and MAF, the dryline would be expected to 

move eastward through those locations during the day. 

By 0000 GMT on 12 April 1991 the dryline had passed 

through AMA and MAF with ELP well west of the dryline 

(Fig. 3.6). The moisture profiles for ELP, MAF, and AMA 

(Fig. 3.8) show the continental tropical air mass at the 

surface and modified tropical air at upper levels. The 

only moisture present at AMA and ELP was near the 

550-mb level. To the south and east the amount of 

moisture at low levels increased considerably. With DRT, 

SEP, and OUN all displaying a maritime tropical air mass. 

It would be expected for thunderstorms to form between 

these stations and the dryline located to the east of AMA 

and MAF. 

Using the water vapor image and the plotted 

soundings, the brightness temperature (Ts) and equivalent 

pressure (PE) were determined. These brightness 

temperatures have a possible error of 5 to 10°C due to 

the uncertainty of the gray scale. This will also have 
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an effect on the equivalent pressures of 50 to 100 mb. 

Table 3.1 shows the surface temperature (T8 ) and the 

surface pressure (P8 ) along with the differences between 

the surface values and the derived parameters. 

The temperature difference indicates how dry the air 

is above a given region. The closer the brightness 

temperature is to the surface temperature the drier the 

air is aloft. The pressure differences indicate whether 

the dryline is actually being detected by the satellite. 

Since the dryline only extends vertically to about 1 km 

(Beebe, 1958), or approximately 100 rnb above the surface 

pressure, it could be difficult for the satellite to see 

it. Therefore, in order to see the top of the dryline 

the difference between the pressures should be less than 

100 mb. As can be seen in Table 3.1, none of the 

pressure differences are this small, indicating that the 

dryline is not being detected by the water vapor imagery. 

The only way that it could be detected would be if the 

dryline extended above 1 krn or if the atmospheric 

moisture content above the dryline layer is much less 

than normal values. 

3.4 Case 2: Synoptic 
Setting on 15 May 1991 

At 0000 GMT a stationary front extended from 

southern New York through the Great Lakes into Canada 
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Table 3.1 

Observed and Derived Parameters for Case 1 

1200 GMT on 11 April 1991 

Ts Ta .1T Ps PE M 

*ELP NA NA NA NA NA NA 
AMA 13.4 10.0 3.4 879 740 139 
MAF 16.1 10.0 6.1 907 730 177 
OUN 17.2 12.0 5.2 966 810 156 
SEP 19.2 10.0 9.2 962 730 232 
DRT 18.8 7.0 11.8 972 680 292 

0000 GMT on 12 April 1991 

Ts Ta .1T Ps PE M 

*ELP 28.0 8.0 20.0 869 700 169 
*AMA 28.8 8.0 20.8 877 690 187 
*MAF 30.8 10.0 20.8 904 715 189 

OUN 24.4 4.0 20.4 963 655 308 
SEP 22.8 -40.0 62.8 960 295 665 
DRT 30.0 -17.0 47.0 966 420 546 

* station located to west of dryline/dewpoint front 
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(Fig. 3.9). A center of low pressure was located along 

the front with a pressure trough extending southward to 

another low pressure center over South Carolina. The 

pressure trough then extended from this low pressure 

center southward into Florida. To the west, a cold front 

with a center of developing low pressure was located from 

northwest Minnesota into Wyoming. Yet one more center of 

low pressure was located over northwest Colorado with a 

cold front extending into central New Mexico. The 

dryline extended from western Nebraska south to the 

western Panhandle and into the Big Bend region of Texas. 

Two areas of high pressure were over the United States, 

one being located over Indiana and the other over the 

coastal regions of Oregon and Washington. 

By 1200 GMT the stationary front was over New Jersey 

and extended across the eastern Great lakes into Canada 

(Fig. 3.9). A center of low pressure was located off the 

coast of Virginia with a trough extending southwestward 

into Mississippi. The center of low pressure over 

Minnesota was associated with a front which extended from 

the low pressure center into northern Colorado. The area 

of low pressure in Colorado had shifted eastward with the 

cold front extending along the Texas and New Mexico 

border with a developing center of low pressure over the 

Panhandle of Texas. The National Meteorological Center 
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(a) 

(b) 

Figure 3.9. NMC surface analysis on 15 May 1991. (a) At 
0000 GMT and (b) 1200 GMT. 
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(NMC) analysis had a small section of the dryline in the 

Big Bend region of Texas. A detailed hand analysis of 

the temperature field indicated that the cold front had 

been placed too far to the east in the NMC analysis. 

Instead, the cold front was located in eastern New Mexico 

and the dryline extended through the Texas Panhandle. 

At upper levels a deep pressure trough was located 

over the western United States (Fig. 3.10). At 0000 GMT 

an area of low pressure was present over Utah at 500-mb. 

By 1200 GMT this area of low pressure had become cut off 

and had moved eastward to the border of Utah and 

Colorado. The upper level flow changed very little from 

0000 to 1200 GMT. 

The water vapor imagery at 0001 GMT on the 15 May 

1991 is useful for seeing where the area of low pressure 

is located (Fig. 3.11). The dark area looping through 

Arizona and New Mexico is the dry air that is wrapping 

around the low pressure center in Utah and helps 

determine the upper level southwesterly flow over the 

southwest United States. The bright white areas over 

Oklahoma an eastern Texas are thunderstorms that have 

developed. 

At 1201 GMT on the 15 May 1991 the same features can 

be seen (Fig. 3.12). The only difference now is that the 

numerous thunderstorms have now dissipatted and less 
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(b) 

Figure 3.10. NMC 500 mb analysis on 15 May 1991. (a) At 
0000 GMT and (b). 1200 GMT on 15 May 1991. 
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Figure 3.11. Water vapor image at 0001 GMT on 15 May 1991. 
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Figure 3.12. Water vapor image at 1201 GMT on 15 May 1991. 
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coverage of the bright white areas are observed on the 

imagery. 

3.5 Dryline Position 

Figure 3.13 shows the location of the dryline at 

0000 GMT. It can be seen that the boundaries are not 

very close together, which often is the case during the 

daytime hours. All boundaries have the same general 

shape with the significant difference being their east to 

west location. The NMC analysis seems to be very close 

to what is seen on the visible satellite imagery (see 

Fig. 2.2). 

Figure 3.13 also shows the location of the dewpoint 

front at 1200 GMT. The boundaries are all very close at 

this time. This verifies the Mickelson (1986) statement 

that the boundaries are close together when the dewpoint 

front is sharply defined on the infrared satellite image. 

Figure 3.14 shows the satellite boundary at 1131 GMT. 

The NMC analysis agrees only in part. As stated above, 

the cold front should be located in eastern New Mexico 

and a dewpoint front analyzed just ahead of it extending 

through the Texas Panhandle. 
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Figure 3.13. Analysis of surface boundaries on 15 May 1991. 
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Figure 3.14. Infrared satellite image at 1131 GMT on 15 May 

1991. 
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3.6 Results 

At 0000 GMT the dryline was located east of MAF and 

ELP. The moisture profiles for these two stations showed 

the significant drying at the surface (Fig. 3.15). Both 

of these stations showed an area of higher moisture 

content near 500-mb. The other stations to the east and 

southeast of the dryline were moist at all levels, the 

farther east the station the more moisture that was 

present. This shows the two different surface air masses 

but not the upper level air mass that Carlson and Ludlam 

(1968) said were involved in the formation of the 

dryline. 

By 1200 GMT the dryline had moved back to the west 

of MAF as a dewpoint front (Fig. 3.16). The only station 

to the west of the dryline was ELP. All locations, 

except ELP, showed a moist layer at the surface with some 

drying aloft. 

Table 3.2 shows the results of using the gray shades 

from the water vapor image to get a brightness 

temperature and comparing to the soundings. As stated 

above, temperature differences are expected to be large 

where there is moisture present and much smaller when the 

location is drier. This is found to be the case in Table 

3.2. If the satellite is to be able to detect the 

moisture boundary, pressure differences should be no 
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Table 3.2 

Observed and Derived Parameters for Case 2 

0000 GMT on 15 May 1991 

Ts TB .6T Ps PE .6P 

*ELP 32.2 -2.0 34.2 873 580 293 
AMA 27.8 7.0 20.8 882 660 222 

*MAF 33.6 8.0 25.6 905 660 265 
OUN 24.8 -30.0 54.8 966 340 626 
SEP 19.4 -20.0 39.4 962 415 547 
DRT 32.2 6.0 26.2 968 650 318 

1200 GMT on 15 May 1991 

Ts TB .6T Ps PE .6P 

*ELP 17.8 6.0 11.8 877 730 147 
AMA 17.4 0.0 17.4 882 610 272 
MAF 18.2 0.0 18.2 907 600 307 
OUN 19.0 -20.0 39.0 965 415 550 
SEP 19.4 -2.0 21.4 961 590 371 
DRT 22.8 7.0 15.8 969 660 309 

* station located to west of dryline/dewpoint front 
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greater than 100 mb. None of the differences achieve 

this value. Perhaps at ELP at 1200 GMT the very top of 

the dewpoint front is being detected. 
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CHAPTER IV 

ATMOSPHERIC STRUCTURE FOR DRYLINE DETECTION 

In the two cases analyzed in Chapter III it was 

found that the water vapor imagery could not detect the 

dryline. This was most likely due to the atmospheric 

moisture present above the dryline. The vertical 

structure of the atmosphere required for the dryline to 

be detected by the water vapor imagery will be 

investigated in this chapter. This will also serve as a 

interpretation of the brightness temperatures extracted 

from the water vapor imagery. 

The required atmospheric structure can be determined 

from a knowledge of the moisture profile along with the 

transmission function with height. The transmission 

function varies between 0 and 1 and describes the rate of 

absorption of radiation at a given wavelength as it 

passes upward through the atmosphere. At a given level 

the transmittance is the ratio of all radiation arriving 

from below that level to the amount which penetrates to 

the satellite. Using the Goody Model for infrared water 

bands the transmittance (~~d) is given by 

A =exp[- su (l+ su ) -i] . 
t'band ~ 7tCX 

L 

(1) 
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In Eq. (1) S is the mean line intensity, 0 is the 

absorption line spacing, ~ is the Lorentz half width, 

and u is the path length at a given pressure and 

temperature. Using the constants for the water vapor 

band for the interval from 1450 to 1550 cm-1 (Liou, 1980), 

Eq. ( 1) becomes 

~band=exp[-632. 9u• (1+1977. 8125u•) -.sJ (2) 

The value of the path length, * u , is calculated using the 

equation 

(3) 

where PS and TS are standard pressure and temperature. 

The equivalent pressure (PE) is calculated using 

lL p.q. PE=- __2_2Ap. , 
u .i•l g ~ 

(4) 

where P~ is the average pressure of the layer, ~ is the 

average mixing ratio, ~~ is the difference in pressure 

between the layers, and g is gravity (Liou, 1980) . With 

this value of PE a temperature TE can be determined from 

sounding data. By knowing the transmittance for a 

certain moisture profile a weighting function can be 

obtained. The weighting function (WF) given by 
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WF= apband , 
olnP 

is the derivative with height of the transmittance and 

represents the vertical contribution of radiation from 

the moisture in the atmosphere. The peak value of the 

weighting function occurs at the level from which the 

most radiation was contributed. The pressure at this 

level should be very close to the equivalent pressure 

(Weldon, 1991). 

Since temperature has an effect on brightness 

(5) 

temperatures, the emission (B(T)) values throughout the 

atmosphere were also determined using 

B ( T) = 2hc2 [exp ( he ) -1]-l 
A_S A.kT 1 (6) 

where h is the Plank constant, c is the speed of light, A 

is the wavelength, k is the Boltzmann constant, and T is 

the temperature in degrees Kelvin. Taking the emission 

and weighting function at each level and multiplying the 

peak value can be determined. The peak value will be the 

level of maximum contribution and can be compared to the 

equivalent pressures from Chapter III. Also the 

temperature at the LMC can be determined to check the 

brightness temperatures obtained from the water vapor 

imagery. 
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Figure 4.1 shows the transmittance function and the 

weighting function corresponding to the temperature and 

moisture profiles depicted. It can be seen that the peak 

value of the weighting function, or the level of maximum 

contribution (LMC) and the equivalent pressure (EQP) are 

very similar. By using the LMC and the environmental 

temperature sounding a brightness temperature can be 

determined and compared to the value extracted from the 

water vapor imagery. 

4.1 Case 1: Calculation 
of Emission and Weighting 
Function at 1200 GMT on 
11 April 1991 

Looking at the soundings at 0000 GMT on 12 April 

1991, the mixing ratios were determined at 25 mb 

intervals from the surface to 200-rnb. Next, the 

calculation of the transmittance, weighting function, and 

emissions were done using the above procedure. Figure 

4.2 shows the emission, weighting function, and the 

product of the emission and weighting function for each 

location. The product of the emission and weighting 

function will be used to determine the LMC. This is done 

because of the dependence of temperature on the 

brightness temperature. The weighting function shows 

where the biggest changes in the transmittance occurs, 
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Figure 4 .1. The determination of the transmittance and 
weighting function with the use of a sounding and the 
mixing ratio. The LMC and EQP are very similar. 
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while the peak emission will always be at or near the 

surface. When the two are combined the emission tends to 

move the LMC to a lower level than the peak of the 

weighting function. 

Table 3.1 showed the brightness temperatures and 

equivalent pressures obtained from the water vapor 

imagery. By using the peak weighting function the level 

of maximum contribution can be determined and compared to 

the equivalent pressure. The peak values for this case 

ranged from 425-mb at DRT to 575-mb at MAF. The peak 

values of the equivalent pressure and the LMC do not 

match as well as anticipated. Even though there is a 

difference between what was determined from the imagery 

and the computations, the peak values of the LMC showed 

the same stations going from driest to moist. The only 

slight difference in this trend was that the peak value 

is closer to the surface for MAF from the calculated 

output and at AMA from the imagery. From the third 

position down the same trend holds true with OUN,SEP, and 

DRT. 
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4.2 Case 2: Calculation 
of Emission and Weighting 

0000 GMT on Function at 
15 May 1991 

The same procedure above was used for the 15 May 

1991. The equivalent pressures in Table 3.2 were 

compared to the level of maximum contribution. 

Figure 4.3 shows the emission, weighting function, and 

the product for each location. 

In this case much more moisture was present at upper 

levels. As a result, the weighting function and the 

level of maximum contribution are located higher in the 

atmosphere than in the previous case. The equivalent 

pressures in Table 3.2 also occur higher in the 

atmosphere than in the previous case. However, the 

values obtained from the imagery and those obtained from 

the calculations do not correspond very well. 

4.3 Results 

Using the cases from 11 April 1991 at 1200 GMT, 12 

April 1991 0000 GMT, and 15 May 1991 at both 0000 GMT and 

1200 GMT an average value of the surface and brightness 

temperatures along with the surface and equivalent 

pressures were determined for each site. Three different 

approaches were used in determining the averages. Table 

4.1 shows the averages from what was observed from the 
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ELP 
AMA 
MAF 
OUN 
SEP 
DRT 

Table 4.1 

Averages of Observed and Derived Parameters 
from the Water Vapor Image 

Ts Ts aT Ps PE 

26.0 4.0 22.0 873 670 
21.8 6.2 15.6 880 675 
24.7 11.5 13.1 906 676 
21.4 -8.5 29.8 965 555 
20.2 -13.0 33.2 961 507 
25.9 0.8 25.2 969 602 

Average 0.17 23.2 614 

ELP 
AMA 
MAF 
OUN 
SEP 
DRT 

Table 4.2 

Averages of Observed and Derived Parameters 
from the Calculated Values 

Ts TLMC aT Ps PLMC 

26.0 -12.8 38.8 873 467 
21.8 -23.8 45.6 880 425 
24.7 -18.3 42.9 906 456 
21.4 -24.0 45.4 965 412 
20.2 -17.3 37.5 961 456 
25.9 -17.7 43.6 969 437 

Average -18.98 42.3 442 
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203 
205 
230 
410 
454 
367 
311 

aP 

406 
455 
450 
553 
505 
532 
483 



imagery, Table 4.2 shows the averages of the calculated 

values, and Table 4.3 shows the averages with some 

stations removed. These stations were removed because 

there was not a steady decline of moisture to near 0 g/kg 

which was caused by the lack of dewpoint data above 300-

mb. Since the mixing ratios did not approach 0 g/kg this 

caused a peak in the weighting function where the mixing 

ratio went from no moisture to a rather abundant layer. 

Looking at the TB column of each table shows that 

the brightness temperatures did not correspond at all. 

The overall difference between the average value of 

O.l7°C obtained from the imagery and the average computed 

value of -18.98°C was 19.2°C. The overall difference was 

much less, 11.1°C, when comparing the imagery to the 

adjusted calculated values. 

The average equivalent pressures and the differences 

in pressure were also determined. The overall average of 

the equivalent pressures show that the imagery could see 

as deep as 614 mb, while the calculated and adjusted 

values were 442 mb and 520 mb, respectively. None of 

these values are low enough in the atmosphere for the 

dryline to be detected. The differences in the surface 

pressure and the equivalent pressure should be less than 

100 mb for the dryline to be observed. None of these 

values were close to this 100 mb difference. Therefore, 
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Table 4.3 

Corrected Averages of Observed and Derived Parameters 
from the Calculated Values 

Ts TLMC L\T Ps PLMc .1P 

ELP 26.0 -8.5 34.5 873 537 336 
AMA 21.8 -12.5 34.3 880 525 355 
MAF 24.7 -6.5 31.2 906 562 344 
OUN 21.4 -13.5 34.9 965 512 453 
SEP 20.2 -11.3 31.5 961 508 453 
DRT 25.9 -13.0 38.9 969 475 494 
Average -10.88 34.2 520 406 
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as has been stated in Chapter III, the imagery does not 

detect the dryline. 

4.4 Structure of Atmosphere 
needed for Dryline/Dewpoint 
Front Detection 

Using the same technique and working backwards, a 

moisture profile can be found that will allow the 6.7 ~ 

water vapor image to see far enough into the atmosphere 

to detect the dryline. That is accomplished by starting 

with the LMC low enough into the atmosphere so that it is 

below the top of the dryline. From this a transmittance 

function can be determined by integrating the weighting 

function and coming up with a moisture profile. This 

gives a moisture profile like Figure 4.4a. This moisture 

profile is very unlikely, but if it does occur the 

dryline should be detected by the water vapor imagery. 

The rest of Figure 4.4 and Figure 4.5 show what the 

sounding would need to be for the imagery to detect the 

dryline. 

4.5 Calculation of Emission 
and Weighting Function with 
Dewpoint Depressions Greater 
than 30°C 

In the last section moisture was removed to a low 

enough level so as to observe the lowest 100 mb. A 50°C 
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Figure 4.4. Sounding at 1200 GMT on 11 April 1991 showing 
the moisture profile needed to observe the lowest 100 mb. 
Solid line to right is the temperature, dashed line is the 
original dew point temperature, and the other solid line is 
the dew point temperature needed to observe the lowest 100 
mb. (a) At AMA. 
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Figure 4.4 continued. (b) At MAF . 
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Figure 4.4 continued. (c) At OUN. 
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Figure 4.4 continued. (d) At SEP. 
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Figure 4.4 continued. (e) At DRT. 
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Figure 4.5a. Sounding at 0000 GMT on 15 May 1991 showing 
the moisture profile needed to observe the lowest 100 rnb . 
Solid line to right is the temperature, dashed line is the 
original dew point temperature, and the other solid line is 
the dew point temperature needed to observe the lowest 100 
rnb. (a) At ELP. 
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Figure 4.5 continued. (b) At AMA. 
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Figure 4.5 continued. (c) At MAF. 
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Figure 4.5 continued. (d) At OUN. 
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lOOr-----------------------------------------

Figure 4.5 continued. (e) At SEP. 
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dewpoint depression was found to work well just above the 

level that is to be observed. Since it is not possible 

to observe a dewpoint depression greater than 30°C with 

the current cutoff used for soundings (Schwartz and 

Doswell, 1991) a 50°C dewpoint depression can't be 

observed even if it does occur. In this section an 

increase of the dewpoint depression from 30° to 50°C was 

used to see what kind of an effect it had on the level of 

maximum contribution. Replacing all 30°C dewpoint 

depressions with 50°C depressions the values of the LMC 

were recalculated. The stations which were very dry to 

begin with showed the biggest change in the LMC, while 

the moist soundings changed the LMC very little. The 

stations of MAF, which was moist, and OUN, which was very 

dry, show the difference that the 50°C dewpoint 

depression causes. Figure 4.6 and 4.7 show the emission, 

weighting function, and the product of the emission and 

weighting function. Comparing Figures 4.2b and 4.2c with 

Figures 4.6 and 4.7 any differences can be observed. 

There was not a noticeable difference at MAF since only 

one level had an observed dewpoint of 30°C changed to 

50°C. However, the results at OUN were much different. 

With the 30°C dewpoint depression the LMC was at 525 mb 

while with the 50°C dewpoint depression it became 725 mb. 

This is a difference of 200 mb and puts it much closer to 
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Figure 4. 6. Normalized values of emission, weighting 
function, and the product for MAF at 1200 GMT on 11 April 
1991. Calculation was done by replacing 30°C dewpoint 
depression with 50°C. Solid line is the emission, dotted 
line the weighting function, and dashed line the product. 
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the value obtained from the imagery which was 810 mb. 

This means that if a 50°C dewpoint depression really does 

occur and is not being detected then the calculated 

values will be very similar to the observed values if the 

sounding is very dry originally. Very little change in 

the LMC is observed when any high level moisture is 

present. 
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CHAPTER V 

SUMMARY AND CONCLUSION 

This thesis set out to determine if the 

dryline/dewpoint front could be detected by the water 

vapor imagery. It has been shown it cannot be detected 

under typical dryline situations. 

However, this study did verify the work of Mickelson 

(1986) . The dryline did show up well on the infrared 

satellite image, especially when the surface boundaries 

of dewpoint temperature, mixing ratio, and adiabatic 

equivalent potential temperature agreed closely as in 

Case 1 at 1200 GMT. Also, the visible satellite image 

can be very useful for seeing convection begin along the 

dryline. 

The large difference between the equivalent 

pressures and the level of maximum contribution can be 

attributed to two factors. First was the difficulty ~n 

obtaining the brightness temperatures from the water 

vapor images. Trying to read the gray scale turned out 

being more difficult than anticipated. This could 

account for as much as 5 to 10 degrees error on the 

brightness temperatures and would also affect the 

equivalent pressures. Another source of the difference 

is the way that atmospheric moisture is reported. At 
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this time a sounding will not show a dewpoint depression 

of more than 30°C (Schwartz and Doswell, 1991). If the 

dewpoint depression is actually greater it would have a 

great impact on the calculation of the level of maximum 

contribution (LMC) . It would cause the LMC to be lower 

and therefore much closer to the values that were 

observed. 

It was found that a dewpoint depression of 50°C 

would be required to detect the dryline with water vapor 

imagery. Not until measurements of atmospheric moisture 

are reported with greater than 30°C dewpoint depressions 

will it be possible to apply water vapor imagery to this 

problem. 

Even though this technique did not work as was 

originally thought it can be used to determine the level 

of maximum contribution to determining the brightness 

temperatures from satellite imagery. As long as there is 

a moisture profile available it can be a good check when 

viewing a satellite image. 
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