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ABSTRACT 
 
 

The dryline is a low-level atmospheric boundary that is characterized by a strong 

horizontal moisture gradient across a narrow zone. Numerous previous studies have 

already established the dryline’s role of producing lift and convergence necessary for the 

development of thunderstorms. One of the many forecasting challenges facing the 

operational meteorologist is determining the evolution of the high plains dryline.  

This dissertation examines a type of dryline called the “quiescent” dryline. The 

quiescent dryline exists in a synoptic environment characterized by relatively weak 

environmental wind. This dryline is observed to advance eastward during the day and 

retreat westward at night, often repeating this cycle for several days. The exact nature of 

the motion and evolution of the quiescent dryline is dependent on many factors that occur 

at different scales in the atmosphere-land/soil system.   

In order to perform the study, a field experiment was designed to investigate the 

mesoscale (~10 to 100 km) structure and evolution of the quiescent drylines. The West 

Texas Mesonet, a network of instrumented towers centered on Lubbock, Texas was 

utilized along with several additional towers deployed for the experiment.  Data was 

collected and analyzed for several drylines that occurred across the South Plains of West 

Texas during the spring of 2002.  A framework was created to identify and characterize 

advancing and retreating drylines through the objective analysis of several meteorological 
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quantities. The results showed that the dryline could be identified through strong 

gradients of moisture, along with moisture advection and convergence, in agreement with 

previous studies. Relatively high values of moisture advection and convergence were 

observed in conjunction with retreating drylines.  Mobile instrumented platforms were 

also utilized to examine a quasi-stationary dryline, obtaining detailed measurements of 

moisture gradients in the vicinity of the dryline at scales less than one kilometer. 

Additionally, the drylines were simulated by two common meteorological mesoscale 

models and their forecast skill was evaluated. The results show that simulations with 

higher horizontal resolutions are not necessarily more accurate in forecasting the dryline 

evolution.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 vii



LIST OF TABLES 
 
 

2.1  A survey of surface parameters that have been employed  
       in studies to define the location of the dryline........................................................... 18 

 
3.1  Model grid configuration (nearly identical for both models). ................................... 77 
 
3.2  Comparison between the MM5 and RAMS model specifications............................. 77 
 
4.1  Summary of the statistics obtained for grid points  
       identified as dryline (“DL”) and non-dryline (“NULL”)  
       for all dryline cases .................................................................................................... 91 
 
5.1  Summary of the statistics obtained for grid points  
       identified as dryline (“DL”) and non-dryline (“NULL”)  
       for all dryline cases .................................................................................................. 120 
 
5.1  Summary of dryline motion observed within the domain  
       and the subjectively analyzed average cross dryline moisture 
       gradient .................................................................................................................... 153 
 
7.1  Summary of dryline motion observed within the domain. ...................................... 160 
 
A.1  List of dryline days identified by the algorithm used in  
        Chapter II. ........................................................................................................ 179-182 
 
B.1  Chart of experiment data availability by day. .................................................. 183-184 
 
C.1  Chart of observation stations used in the experiment ...................................... 185-186 
 
D.1  West Texas Mesonet and portable tower specifications ......................................... 187 
 
D.2  ASOS specifications ............................................................................................... 187 
 
E.1  Listing of mobile mesonet instrumentation referenced  
        from figure E.1........................................................................................................ 189 
 
F.1  Summary of application of dryline algorithm to  
       gridded data.............................................................................................................. 197 
 
 
 
 

 viii



 
 

LIST OF FIGURES 
 
 
1.1   The geographic distribution of LLJ occurrences at 6 UTC for the  

  period January 1959 to December 1960 (from Bonner, 1968). ...................................5 
 
1.2   Terrain and atmospheric conditions conducive to thunderstorm 

  development ................................................................................................................9 
 
2.1   Characteristic temporal and spatial scales of the dryline  

  and related phenomena ..............................................................................................12 
 
2.2   Time series of surface parameters obtained from 5-minute  

  observations of the West Texas Mesonet for 15-16 April 2002 ................................20 
 
2.3  Measurements taken by two mobile mesonets as they 

 traversed across an advancing dryline ........................................................................21 
 
2.4  A conceptual model derived from observations during the afternoon  

 of a dryline in western Oklahoma on 24 May 1989....................................................23 
 
2.5  a) An approximate east-west cross section of radar reflectivity and Doppler velocity   

 from the Eldora aircraft tail radar at 2205:39 UTC 6 May 1995.   
 b) A schematic of the vertical cross section of a density current associated with a 
 thunderstorm outflow..................................................................................................24 

 
2.6  Skew-T-ln p diagrams of soundings from the Midland, TX, National Weather 

Service for  (red) 7 May 2002, 12 UTC; (blue) 7 May 2002, 18 UTC;  
(brown) 8 May 2002, 0 UTC......................................................................................26 

 
2.7  Map showing the number of discrete discontinuities of moisture sampled  

by stations of the West Texas Mesonet (WTXM) for the dryline case of  
29-30 May 2001 .........................................................................................................28 

 
2.8  An eight-hour time series of five-minute dewpoint and  
       wind direction data from the Reese Center WTXM site.............................................29 
 
2.9  An eleven-hour time series of five-minute dewpoint and 
       wind direction  data from the Reese Center WTXM site............................................30 
 
2.10  Time series graphs of five-minute dewpoint and wind direction data  

   from four WTXM stations on 29-30 May 2001........................................................31 

 ix



2.11  The grid used for the Barnes objective analysis scheme. .........................................34 
 
2.12  a)  The location of all surface stations used in this study. 

   b)  Stations with available data on 12 May 1986 at 00 GMT...................................35 
 
2.13  Average water vapor mixing ratio values for the month of  
         a) March, b) April, c) May, d) June, for the period 1975-1997 .......................... 36-38 
 
2.14  Average number of days that the mixing ratio >= 8.5 g kg-1 for  

   at least one hour for the period March-June, 1975-1997 ..........................................38 
 
2.15  Normalized standard deviation of water vapor mixing ratio values  
         for the month of a) March, b) April, c) May, d) June,  
         e) All four months, for the period 1975-1997..................................................... 40-42 
 
2.16  Daily profiles of mixing ratio for five grid points ....................................................43 
 
2.17  Average number of springtime dryline days, 1975-1997 .........................................45 
 
2.18  Monte Carlo simulation results for Virginia Beach, VA ..........................................46 
 
3.1  Map depicting the Caprock Escarpment and showing several  

relevant geographic regions/features..........................................................................49 
 
3.2  Map of the experimental domain..................... ...........................................................51 
 
3.3  The West Texas Mesonet tower at the Sundown/Mallet Ranch (MALL) site ...........53 
 
3.4  Close-up of the domain featuring the locations of the auxiliary towers .....................54 
  
3.5  One-meter resolution digital orthophoto quadrangle (DOQ) of the  

region around the White River Lake (EWRL) auxiliary tower site ...........................55 
 
3.6  The 10-meter tower at the Wilson site (EWIL). .........................................................56 
 
3.7  The three-meter tower at the Crosbyton site (ECRO). ...............................................57 
 
3.8  A mobile mesonet. ......................................................................................................58 
 
3.9  A generalized plan utilizing four mobile mesonets to sample a dryline.....................59 
 
3.10  The objective analysis grid for the mesoscale data...................................................71 
 

 x



3.11  Output from the MM5 ‘Terrain’ program showing (a) the nested  
         grid configuration, and (b) the topography of the inner grid ....................................67 
 
3.12  Output from the RAMS ‘ramsplot’ utility showing (a) the nested  
         grid configuration, and (b) the topography of the inner grid ....................................78 

4.1  Constant pressure charts for a) 1200 UTC 14 April 2002 at 500 hPa 
       and b) 1200 UTC 14 April 2002 at 850 hPa ...............................................................81 

4.2  Constant pressure charts for a) 1200 UTC 16 April 2002 at 500 hPa 
       and b) 1200 UTC 16 April 2002 at 850 hPa ...............................................................82 

4.3  Constant pressure charts for a) 1200 UTC 18 April 2002 at 500 hPa 
       and b) 1200 UTC 14 April 2002 at 850 hPa ...............................................................81 

4.4  Five-minute observation plot of dewpoint temperature and  
       wind from the Reese Center (REE) mesonet site........................................................84 

4.5  Horizontal time section of the dewpoint temperature (°C) for six WTXM 
      stations from 12 UTC 14 April 2002 to 12 UTC 18 April 2002..................................86 

4.6  Surface wind and moisture analysis at a) 1520 UTC 15 April 2002  
       and b) 2300 UTC 18 April 2002.................................................................................88 

4.7  Isocrone analysis of the 8.5 g kg-1 mixing ratio contour for the 
       oscillating dryline.................................................................................................. 89-90 

4.8  Graphs of the computed dryline statistics for the four 
       oscillating drylines of case one ...................................................................................93 

4.9  Surface wind and moisture analysis at 1600 UTC 18 April 2002 ..............................94 

4.10  Comparison of the 12 UTC 15 April 2002 surface wind and  
         mixing ratio fields ............................................................................................... 96-97 

4.11  Isochrone analysis from the MM5 model output of the  
         8.5 g kg-1 isohume.....................................................................................................98 

4.12  Isochrone analysis from the RAMS model output of the  
         8.5 g kg-1 isohume.....................................................................................................99 

4.13  RAMS and MM5 forecast time series of the mixing ratio 
         interpolated to the WTXM stations of a) Muleshoe 
         b) Plains, c) Reese, d) Post, e) Roaring Springs ............................................. 101-102 
 

 xi



4.14  Time series of the u-component of wind direction (m s-1) 
         from the a) RAMS, b) MM5...................................................................................103 

4.15  Objective analyses of potential temperature and station pressure  
         for the observed data...............................................................................................105 

4.16  MM5 model predictions of potential temperature and station  
         pressure ...................................................................................................................106 

4.17  RAMS model predictions of potential temperature and station  
         pressure ...................................................................................................................107 

4.18  A two-by-two contingency table comparing the predicted 
         and observed dryline grid points.............................................................................109 

4.19  The number of grid points with a mixing ratio between 
         7.5 and 9.5 g kg-1 for the observed data..................................................................111 

4.20  The RMSE of the mixing ratio in g kg-1 for a) non-dryline 
         grid points, and b) dryline grid points.....................................................................112 

4.21  A graph of the Kupier skill score (KSS) of the model 
         forecasts of the mixing ratio compared to the observed data..................................113 

5.1  Constant pressure charts for a) 1200 UTC 6 May 2002 at 500 hPa 
       and b) 1200 UTC 6 May 2002 at 850 hPa ................................................................115 

5.2  Constant pressure charts for a) 1200 UTC 7 May 2002 at 500 hPa 
       and b) 1200 UTC 7 May 2002 at 850 hPa ................................................................116 

5.3  Constant pressure charts for a) 1200 UTC 7 May 2002 at 500 hPa 
       and b) 1200 UTC 8 May 2002 at 850 hPa ................................................................117 

5.4  Five-minute observation plot of dewpoint temperature and  
       wind from the Reese Center (REE) mesonet site......................................................119 

5.5  Horizontal time section of the dewpoint temperature (°C) for six WTXM 
      stations from 12 UTC 5 May 2002 to 12 UTC 8 May 2002......................................120 

5.6  Surface wind and moisture analysis at a) 23 UTC 6 May 2002  
       and b) 1 UTC 7 May 2002 ........................................................................................122 

5.7  Isocrone analysis of the 8.5 g kg-1 mixing ratio contour for the 
       oscillating dryline......................................................................................................124 
 

 xii



5.8  Graphs of the computed dryline statistics for the four 
       oscillating drylines of case two.................................................................................126 

5.9  Comparison of the 12 UTC 6 May 2002 surface wind and  
        mixing ratio fields ............................................................................................ 127-128 

5.10  Isochrone analysis from the MM5 model output of the  
         8.5 g kg-1 isohume...................................................................................................131 

5.11  Isochrone analysis from the RAMS model output of the  
         8.5 g kg-1 isohume...................................................................................................132 

5.12  RAMS and MM5 forecast time series of the mixing ratio 
         interpolated to the WTXM stations of a) Muleshoe 
         b) Plains, c) Reese, d) Post, e) Roaring Springs ............................................. 133-134 

5.13  Time series of the MM5 forecast of the u-component  
         of wind direction.....................................................................................................135 

5.14  Time series of the RAMS forecast of the u-component  
         of wind direction.....................................................................................................136 

5.15  7 UTC 7 May 2002 analyses from a) observed data, and  
         b) MM5 19 hour forecast ........................................................................................137 

5.16  Objective analyses of potential temperature and station pressure  
         for the observed data...............................................................................................139 

5.17  MM5 model predictions of potential temperature and station  
         pressure ...................................................................................................................140 

5.18  RAMS model predictions of potential temperature and station  
         pressure ...................................................................................................................141 

5.19  The number of grid points with a mixing ratio between 
         7.5 and 9.5 g kg-1 for the observed data..................................................................142 

5.20  Surface analysis from a) 14 UTC 6 May 2002 and b) 
         23 UTC 7 May 2002 ...............................................................................................143 

5.21  The RMSE of the mixing ratio in g kg-1 for a) non-dryline 
         grid points, and b) dryline grid points.....................................................................145 
 

 xiii



5.22  A graph of the Kupier skill score (KSS) of the model 
         forecasts of the mixing ratio compared to the observed data..................................146 

6.1  Close-up of the region of mobile mesonet observations  
       on 6 May 2002 ..........................................................................................................148 

6.2  Time-series plots of 5-minute average dewpoint temperature 
       from stations in close proximity to the mobile mesonet 
       transects.....................................................................................................................149 

6.3  Radar reflectivity at 0.5 degree elevation for the Lubbock 
      WSR-88D on 6 May 2002 at 2102 UTC ...................................................................152 

6.4  Objective analysis of the dewpoint temperature measured by 
       the mobile mesonets in the vicinity of the dryline for the 
       period 2040 UTC to 2110 UTC ................................................................................155 

6.5  Objective analysis of the dewpoint temperature measured by 
       the mobile mesonets in the vicinity of the dryline for the 
       period 2048 UTC (bottom) to 2056 UTC (top) ........................................................157 

7.1  Radar reflectivity at 0.5 degree elevation for the Lubbock 
      WSR-88D on 6 May 2002 at 2102 UTC ...................................................................164 

E.1  Picture of the mobile mesonet instrument rack with 
       labels for individual parts..........................................................................................188 

E.2  A schematic diagram of the mobile mesonet data  
       acquisition system.....................................................................................................191 

F.1  Schematic of the algorithm to identify dryline 
       grid points from the gridded data..............................................................................193 

F.2  Portion of the grid centered on grid point (m,n).......................................................193 

F.3  Surface observations/objective analysis map for  
       15 UTC, 16 April 2002 .............................................................................................194 

F.4  The dryline algorithm applied to the 1500 UTC,  
       16 April 2002 analysis. .............................................................................................195 
 

 xiv



CHAPTER 1 

INTRODUCTION 

 

1.1 Purpose of research 

One of the most important and challenging tasks for the operational meteorologist 

is the forecast of thunderstorm activity.  Severe thunderstorms in particular provide a 

major challenge because of the threat they pose to life and property.  Two of the primary 

factors in severe thunderstorm formation are the availability of sufficient moisture and 

low-level convergence (Doswell, 1982).  The dryline, simply defined as a large gradient 

of moisture across a narrow zone near the earth’s surface, defines the geographical extent 

of the former and often provides the latter.  Additionally, the rainfall and wind 

climatology of a region is affected by the presence of the dryline.  This will be of interest 

to the agricultural and wind energy industries.  Therefore, exploring the structure and 

evolution of the dryline is an important research objective. 

 

1.2 Large-scale setting 

Although drylines occur in various parts of the world (Schaefer, 1986), this study 

is concerned with dryline occurrence across the southern Great Plains (hereafter referred 

to as the SGP) of the United States.  It is no coincidence that the SGP is renowned as one 

of the world’s most prolific breeding grounds of severe thunderstorms. These storms 

often bring the threat of high winds, hail, flooding and tornadoes.  The geography of the 

SGP plays a preeminent role in achieving this standing.  Straddling the middle latitudes 
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of the Northern Hemisphere, the region often shares the same latitude as the polar jet 

stream in the spring and early summer months.  The jet stream transports wave 

depressions into the region providing synoptic-scale upper-level divergence and lift. The 

elevation of the region increases from near sea level along the Gulf of Mexico to over 4 

kilometers along the steep slopes of the Rocky Mountain range.  These mountains stretch 

mainly longitudinally from Mexico through Colorado, and air flow impinging on the 

mountains may be altered in a manner favorable for the formation of a cyclone on their 

lee side.   Due to the elevation increase and the variable distance from the Gulf of 

Mexico, a natural gradient of moisture often exists across the SGP.  As will be shown in 

Chapter 2, this gradient varies with the season and is typically the strongest during the 

spring.  A climatological study of moisture in the United States by Dodd (1965) showed 

an average gradient of 4 ºC per 100 km across the region in May.  In contrast, many 

studies of the dryline showed dewpoint gradients of several ºC per km (e.g., NSSP Staff, 

1963; Bluestein, 1983; Hane et al., 1993).  The transition from the climatological “loose” 

moisture gradient to the steep gradient associated with the dryline is explored in the next 

section. 

 

1.3 Dryline formation 

It has been found that under certain atmospheric conditions, the horizontal 

gradient of moisture may tighten to a sharp discontinuity of variable proportions.  Two 

primary factors that produce this tightening and thus dryline formation are the lee-side 

trough and the southerly low-level jet (LLJ).  Both the lee-side trough and the LLJ are 
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themselves the subject of much current research and some debate over their origins.  The 

following discussion reviews some of the current theories. 

1.3.1 Lee-side trough 

The concept of conservation of potential vorticity is often used to explain the 

formation of lee-side lows. As westerly mid-level flow impinges on the Rocky 

Mountains, the column of air first is compressed on the westward side as the 

elevation increases (the tropopause acts as a barrier to upward motion), and then 

expands on the leeward side as the air descends the eastern slope. Because the ratio of 

absolute vorticity to the depth of the column of air must remain constant, the absolute 

vorticity of the air must first be reduced and then increased.  This relationship is 

reflected in equation 1.1 (following Holton, 1992): 

(1.1) 

 

where:   = Potential vorticity; Ρ

( ) constzfr =∆+=Ρ ζ

   rζ  = Relative vorticity; 

    = Coriolis parameter; and  f

      ∆z = depth of the air column. 

 

Thus, as ∆z decreases with an increase in elevation, ζr+f   must also decrease. 

This conversation is accomplished by an initial southward deflection of the air, which 

increases the anticyclonic vorticity (decrease in ζr) and decreases the contribution of 

the earth’s vorticity (f). To the east of the mountain crest, ∆z increases, and there is a 
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northward deflection of the air column, which increases ζr and f.  This net effect of 

this will be to increase the cyclonic curvature of the wind field downstream of the 

Rocky Mountains.  The importance of the lee-side trough in regards to dryline 

development is that it acts to increase the southerly component of the wind field over 

the SGP.  Doswell (1982) noted that the necessary precursor to the formation of a 

dryline is the development of a trough in the lee-side of the Rocky Mountains: the 

trough producing a southerly wind flow regime over the southern Plains that is 

instrumental in advecting both dry and moist air into the region.  It also leads to 

streamline confluence of the wind in the region. 

 

1.3.2 The southerly low-level jet (LLJ) 

The LLJ is a north-directed stream of relatively strong (supergeostrophic) 

wind that is often found over the SGP.  It varies diurnally, reaching a maximum 

velocity between 6 UTC and 12 UTC and a minimum between 18 UTC and 0 UTC 

(Bonner, 1968).  An observational study by Whiteman et al. (1997) showed the height 

of the LLJ to vary between 300-600 m AGL, with most occurrences between 300- 

400 m AGL.  Their study also found that the maximum wind speeds associated with 

the LLJ usually occur around 2 a.m. LST. The study by Bonner identified an axis of 

maximum LLJ frequency over the SGP (Figure 1.1).   

Two mechanisms that may be responsible for the generation of the LLJ in 

whole or in part are the development of inertial oscillations due to the evolving 
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boundary layer and the diurnal oscillation of the horizontal pressure gradient due to 

the sloping terrain across the SGP.   

The inertial oscillation theory (Blackadar, 1957) accounts for the production 

of the supergeostrophic winds and the diurnal oscillation of the LLJ.  With the loss of 

insolation in the evening, the boundary layer decouples, and the air above is no longer 

subject to the frictional drag with the earth’s surface. The result is an acceleration of  

 

 

Figure 1.1: The geographic distribution of LLJ occurrences at 6 UTC for the 
period January 1959 to December 1960 (from Bonner, 1968). 
Elevation above 1 km is shaded.  
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the wind as it is initially slower than the geostrophic balance according to the existing 

pressure gradient due to the frictional drag. The Coriolis force then acts on the 

accelerating wind to produce the inertial oscillation (similar to the oscillation 

produced by the Coriolis force in lee-side low formation).   

The diurnal oscillation of the horizontal pressure gradient may also contribute 

to the development of the LLJ.  Holton (1967) and McNider and Pielke (1981) 

showed that this oscillation is a response to the temperature gradient produced by 

differential heating and cooling of sloping terrain – thus providing an explanation for 

the location of the climatological maximum found by Bonner.  Air cools much faster 

over the higher terrain to the west during the evening due to stronger radiational 

cooling.  Thus pressure at a constant elevation decreases from east to west.  The 

resulting pressure gradient causes air to accelerate westward. The Coriolis force then 

turns the wind to the north.  

There may also be an interaction between the lee-side trough and the LLJ.  

The lee-side trough is associated with lower pressure to the west (relative to normal 

diurnal pressure oscillations).  The pressure gradient produced by the trough will also 

accelerate wind to the west, and may augment the diurnal heating effect. However, 

this interaction may only be significant when strong cyclogenesis occurs over the 

region in conjunction with a major upper-level disturbance crossing the Rockies, a 

situation not considered in this work.  

The moisture source for the southern Great Plains is the Gulf of Mexico, 

although secondary sources of moisture are evaporation from lakes, reservoirs and 
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rivers and evapotranspiration from plants.  Vapor flux from the water to the air above 

and then subsequent advection northward and inland provide the moisture necessary 

for the moist convective process.  The LLJ is the primary mechanism by which this is 

accomplished.  

 

1.4 Summary 

Through the influence of the lee-side trough and the LLJ, there often exists a 

near-surface moisture discontinuity over the southern Great Plains where dry continental 

air from the western United States converges with the moist maritime air from the Gulf of 

Mexico.  This sharpened boundary at or near the ground between the air masses of 

different thermodynamic properties has generally become to be known as the “dryline”, 

although terms such as “Marfa front”, “dry front” and “dewpoint front” may also be 

encountered.  This boundary normally extends from the surface through the depth of the 

planetary boundary layer (PBL).   

The position of this boundary is a significant influence on the rainfall climatology 

of the region.  On the dry side, boundary-layer moisture is very limited and only isolated 

thunderstorms may develop that produce little in the way of rainfall.  The threat of severe 

thunderstorms is also minimized; however there exists the possibility of high-based 

thunderstorms that may produce damaging downbursts.  On the moist side, the deeper 

moisture leads to a greater frequency of storm formation and a significant increase in 

rainfall climatology.  
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Final considerations pertain to the relationship between the dryline and convective 

development.  For occasions of southwesterly flow over the higher terrain as previously 

established, a deep mixed layer of warm and dry continental air may be advected 

downwind of the Chihuahuan Desert (sometimes denoted the Mexican Plateau).  This air 

mass is known as the elevated mixed layer (EML) and it may override moist air situated 

in the Southern Plains creating a temperature inversion.  The resulting stratification will 

increase the potential instability of the moist air underneath such that it increases the 

magnitude of (possible) subsequent convection.  Figure 1.2 shows a typical configuration 

of these features that may lead to dryline formation and/or convective development.  In 

addition to the dryline’s significance as a limiting factor to the westward extent of 

convective development, it is also a factor in providing the means by which moist surface 

air parcels may be lifted to their level of free convection.  Strong, sustained upward 

motion is required for an air parcel to rise through the inversion created by the EML.  A 

process (outside of diabatic heating) that accomplishes this is termed a “triggering 

mechanism.”  Some triggering mechanisms according to Stull (2000) include: cold and 

warm fronts, gust fronts, differential surface heating, sea-breeze fronts, mountains, and 

drylines.  

To summarize, in the SGP, the development of drylines and severe thunderstorms 

are often linked.  When a dryline is present, its position and structure must be considered 

when attempting to forecast the timing and location of convective initiation on a case by 

case basis.  In the spring of 2002, the ERODE (Experiment to Research the Dryline 

Environment) was carried out to investigate the structure and morphology of the dryline 
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in West Texas.  A variety of meteorological sampling instruments were utilized along 

with computer simulations.  A primary objective of the experiment was to gain a better 

 

 

Figure 1.2: Terrain and atmospheric conditions conducive to thunderstorm 
development.  Important geographic regions are delineated.  The 
thick lines depict representative 500 hPa height contours.  The thin 
arrows represent the moisture advection from the Gulf of Mexico 
associated with the low-level jet and the dashed curve represents 
the typical extent of moist boundary layer air. 
 

   

understanding of the structure of the quiescent dryline and the advancing phase differs in 

structure from the retreating phase.  A secondary objective was to examine the 
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performance of numerical models (i.e., how well does the predicted dryline correspond to 

actual observations) for several cases. 

 This dissertation presents the results of this research and attempts to relate the 

findings to the scientific objective of achieving a better diagnosis and prognosis of the 

convective environment over the SGP.  Chapter Two describes historical research on the 

structure of the dryline.  Chapter Three details the design of the ERODE experiment.  

Chapters Four and Five discuss the results from two case studies.  Finescale observations 

of a quasi-stationary dryline are examined in Chapter Six. The final chapter summarizes 

this dissertation. 
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CHAPTER 2 

DRYLINE CHARACTERISTICS 

 

2.1 Classification 

 As observation and modeling systems have increased the capacity to analyze the 

characteristics of the dryline, it has become apparent that the dryline exhibits a 

complicated structure that is influenced by an assortment of atmospheric processes, land-

surface interactions and geography. This is due to the dryline’s presence over a wide 

range of temporal and spatial scales.  It may exist for a period of several hours to several 

days.  Horizontally, the along-dryline extent is readily measured and can stretch for 

hundreds of kilometers.  However, the across-dryline region of maximum moisture 

gradient (or “mixing-zone”) exists on a much smaller scale and requires observational 

data with finer resolution than the U.S. observing network currently can provide for 

analysis.  For example, Ziegler and Rasmussen (1998) found that the dryline mixing-zone 

varied from one to ten kilometers from studies they conducted.  Utilizing high-resolution 

data from instrumented vehicles, Pietrycha and Rasmussen (2001) found dewpoint 

gradients as large as 10°C per 185 m across the dryline.  Vertically, the height of the 

inversion (the interface between the EML and the top of the convective boundary layer) 

usually defines the upper boundary of the dryline.  However, under some circumstances 

an elevated moisture gradient may exist ahead (downwind) of the surface dryline 

(Doswell, 1982).  In this case, convection may occur hundreds of kilometers ahead of the 

surface dryline.  The characteristic scales of the dryline are shown in figure 2.1. 
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Figure 2.1: Characteristic temporal and spatial scales of the dryline and related 
phenomena (after Orlanski, 1975 and Stull, 1988).  The time scale 
(Ts) represents the lifetime of the feature.  The spatial scale (Ls) is 
the range of the major horizontal axis of the phenomenon.  In the 
dryline case, the major axis (length) may be greater in magnitude 
than the minor axis (width) by a factor of 20 to 1. 

 

 The dryline has also defied easy classification with regard to its motion.  The 

dryline’s velocity may be as much as twice the magnitude of the ambient surface winds 

and the direction of motion may be nearly perpendicular to the local wind field (Schaefer, 

1973).  On occasion, the advancing dryline’s eastward velocity can reach 25 m s-1 

(Marshall, 1988) when it is influenced by a synoptic-scale low pressure system.  In 

addition, sub-synoptic scale analysis reveals that individual segments of the dryline can 

move at differing speeds and even different directions (Schaefer, 1986).  Schaefer 

concluded that this characteristic revealed that dryline motion was at least partially driven 
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by local effects. This disparate motion with respect to the wind field also implies that 

significant mass convergence does not always occur in the vicinity of the dryline (Ogura 

et al., 1982).  The motion of the dryline is also affected by the topography of the region 

over which it occurs. As the dryline is most typically found to be located east of the 

Rocky Mountains and west of the Mississippi River, normally the elevation slopes 

upward to the west. The dryline is often described as the intersection of the top of the 

moist layer with the sloping terrain (or in the case of the nocturnal dryline, the 

intersection of the top of the moist layer with the shallow nocturnal boundary layer that 

forms in the dry air). This definition is incomplete as the dryline may be present when the 

terrain is virtually flat. 

Drylines may be classified as advancing, retreating/retrograding or quasi-

stationary drylines depending on the speed/direction of motion and the sign of the 

horizontal moisture gradient.  Typically, as the near-surface moisture gradient is directed 

east to west across the SGP, the terms advancing and retreating refer to the general 

eastward and westward motion of the dryline, respectively.   

 Finally, drylines differ from warm and cold fronts in that there is a distinct diurnal 

variation in the sign of the horizontal temperature gradient.  This variation is due to the 

differing evolution of the diurnal boundary layer on either side of the dryline.  The dry air 

to the west of the dryline is able to warm and cool more rapidly than the moist air to the 

east; thus, during daylight the warmer air is to the west of the dryline, while during the 

night the warmer air is to the east.  One important consequence of this structure is that 

theoretically, during the day the density contrast across the dryline will be minimized and 
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vice versa at night.  However, the majority of field studies; such as Fujita (1958), 

McGuire (1962), Ziegler and Hane (1993) and Ziegler and Rasmussen (1999) show 

evidence for at least a 1-2º C difference in virtual potential temperature across the dryline 

– primarily in the afternoon.  A study by Buban et al. (2003) documented a gradient in 

virtual potential temperature of up to 0.67º C km-1 across an afternoon dryline using 

mobile mesonets.  This discrepancy may be due in part to the limited number of 

observational studies in comparison to the wide variety of local effects on the thermal 

characteristics of the dryline environment.  In particular, terrain slope, soil moisture, 

vegetation and land use variations each may contribute to differential surface heating and 

vertical mixing.  These processes may lead to localized regions of virtual temperature 

gradients and may be the source of the temperature observations during the experiments.  

Unfortunately, no similar studies exist for the nighttime dryline (Miller et al., 2001). 

 

2.2 Literature Review 

 Documented research on the dryline is extensive.  As early as the 1930s, 

surface map analyses sometimes depicted the boundary between moist, tropical air and 

dry, continental air east of the Rocky Mountains (Byers, 1937).  Early field studies by 

Fujita (1959) and McGuire (1962) utilized aircraft to study the vertical structure of 

several drylines.  Rhea (1966) studied the relationship between moisture convergence 

along the dryline and the onset of convective development.  He concluded that the dryline 

is a preferred zone for thunderstorm development with 78% of 69 dryline cases studied 

showing initial radar echoes within plus or minus 18.5 km of the dryline.  He also noted 
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the existence of surface streamline convergence in 70% of the cases.  Matteson (1969) 

examined the separation of the moisture discontinuity at the dryline to the region of 

streamline convergence and found that often the streamline convergence is displaced 

eastward in the case of an advancing dryline.  Schaefer (1973, 1974, 1986) developed a 

theoretical basis for the development of the dryline, presented a climatology of the 

dryline and ran a model simulation.  His analysis also showed that variation of surface 

parameters in the vicinity of the dryline could be directly related to the vertical profiles of 

the parameters from radiosonde data. Thus he determined that the development and 

motion of the daytime dryline was chiefly controlled by mixing of moisture and 

momentum by turbulent eddies in the growing mixed layer. Tegtmeier (1974) 

documented mesoscale waves along the dryline.  These waves are caused by bulges in the 

dryline that are thought to be the result of higher-momentum air transported downward 

from a mid-level wind speed maximum that crosses the dryline.  These bulges typically 

have an along-dryline scale of 300-600 km and form to the south of a synoptic-scale area 

of low pressure. He also examined how the dryline wave can resemble a sub-synoptic 

surface low, the “SSL”, with important impacts on the development of convection. Koch 

and McCarthy (1982), performed a field study on a tornado outbreak case with a 

mesoscale network of surface stations in Oklahoma and found the existence of wave-like 

oscillations in the time-series of equivalent potential temperature during the passage of a 

dryline. They proposed that these dryline waves are the primary mechanism by which the 

dryline progresses eastward.  Chang (1978) used a 2-D numerical simulation to show that 

vertical mixing is responsible for the eastward movement of the dryline in the daytime 

 15



and horizontal advection and mixing is responsible for its retreat at night.  Other 

modeling studies include Sun and Wu (1992), Kovacs (1996) and Miller et al. (2001).  

Sun and Wu found that the maintenance of low-level wind shear is the most important 

factor in sustaining the moisture gradient along the dryline, while the dryline propagates 

eastward through vertical mixing.  The sloping terrain and then the soil moisture gradient 

follow this in importance.  Kovacs developed an air mass frontal model based 

observation that the dryline acted in a manner similar to a front in that the dryline 

separates air masses of differing densities.  The Miller study expanded on Kovacs’ work 

and concluded that no single physical process they modeled was capable of reproducing 

all the features of the observed dryline structure.  

Since the late 1980’s, Bluestein and collaborators (e.g., 1988, 1989, 1997) have 

performed several observational studies that examine the dryline’s role in producing 

severe convection.  These studies have utilized mesonetworks, close-proximity balloon 

soundings, aircraft and ground-based Doppler radar and observations, among other 

advanced instrumentation to sample the dryline environment.   

Benjamin and Lanicci (1985), Lanicci et al. (1987), Peckham and Wicker (2000), 

Ziegler et al. (1995) and Grasso (2000) have all utilized computer model simulations to 

explore the relationship between soil moisture content and dryline morphology.  The 

Ziegler study did not produce a dryline when the model was initialized with constant soil 

moisture while Grasso found that the modeled dryline showed little movement with the 

same specification. 
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Peckham and Wicker (2000) investigated the effects of topography and low-

tropospheric winds on the dryline using a mesoscale model. They found that changes in 

the slope produced only small changes in the virtual potential temperature across the 

dryline. However, the magnitude of the mid-level cross-dryline winds is very important 

in whether or not deep moisture convergence is maintained along the dryline. 

 Not as widespread are published studies that examine the differences between the 

advancing and retreating drylines.  There are several observational studies (Fujita, 1970; 

Bluestein et al., 1989; and Parsons et al., 2000) that examine weather conditions and 

severe weather outbreaks associated with retreating drylines.  A study by Bluestein and 

Crawford (1997) used a mesonetwork of surface stations to examine several advancing 

and retreating drylines and found it was impossible to draw any conclusions about the 

nature of the virtual temperature gradient across the dryline.  They also found that 

westward-moving drylines did not behave in a manner similar to a density current since 

there was not a noticeable change in pressure, and did not have a simultaneous backing of 

winds.  A number of the computer modeling studies (e.g., Chang, 1978; Kovacs, 1996) 

provide simulations that incorporate the diurnal advance and retreat of the dryline.  

 Throughout the body of literature there is a wide variety of methods employed to 

determine the placement and motion of the surface dryline and criteria used to describe 

the dryline.  Meteorological parameters such as dewpoint, virtual temperature, mixing 

ratio, virtual potential temperature have been widely used, as well as their flux and 

advective forms in conjunction with the wind field.  Table 2.1 presents a summary of 

some of these methods. 
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Table 2.1: A survey of surface parameters that have been employed in studies 
to identify the location of the dryline. Td = dewpoint temperature,  
r = water vapor mixing ratio, θe = equivalent potential temperature.  
Definitions of these parameters may be found in Chapter 3. 

 
Study Parameter Value(s) 

Benjamin and Lanicci (1985) r 9.0 g kg-1

Campbell (1981) 

(Defined the “leading-edge” of the 

dryline) 

Td, 

 θe,  

and r 

15° C 

345 K 

12.0 g kg-1

Chang (1978) r 8.0 and 10.0 g kg-1

Clark (1988) 

(Applicable to dry climates) 
Td 4.5° C 

Crawford and Bluestein (1997) 

Td gradient 

between surface 

stations 

∆ Td >= 3° C (advancing) 

∆ Td >= 2° C (retreating) 

and rate >= 0.5° C h-1

Grasso (2000) r 9.0 g kg-1

Hane et al. (2001) Td 15° C 

Jones (1998) 
Td, 

r 

12.8° C 

9.0 g kg-1

Koch and McCarthy (1982) θe 335 K 

Lanicci et al. (1987) r 9.0 g kg-1

Marshall (1988) Td ~ 10° C 

Matteson (1969) Td, wind Leading edge of greatest Td gradient 

Mullen (1992) 
Td, 

θe

10° C and/or 

tightest observed gradient 

Rhea (1966) Wind direction 
First organized line of veering 

winds 

Schaefer (1986) r 9.0 g kg-1

Sun and Wu (1992) r 9.0 g kg-1

Tegtmeier (1974) Wind direction Initial shift to southwesterly winds 

Waters and Peterson (1995) and 

Schaefer (1974) 
Td

> 10° F contrast between surface 

stations for at least 6 hours 

Ziegler et al. (1995) r 8.0 g kg-1
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2.3 Horizontal Structure 

A 24-hour time series (Figure 2.2) from two West Texas Mesonet (WTXM) 

stations illustrates the typical horizontal variation of typical surface variables during the 

passage of an advancing and retreating dryline. The stations are located on the Caprock, 

approximately 110 km apart (refer to Figure 3.2 for their precise locations). 

At 12 UTC, there was little dewpoint depression at either station. Following the onset of 

boundary layer heating, there was a concurrent fall in dewpoint and barometric pressure, 

an increase in surface temperature, wind speed and turbulence, and a westward veering of 

the wind. Despite experiencing an earlier sunrise, the dewpoint began to fall about two 

hours later in Floydada than in Levelland due to increasing moist layer depth to the east 

(although their elevations are roughly similar).  The winds were markedly gustier in the 

dry air behind the dryline at both sites.  Although the wind direction remained generally 

southerly, the wind direction did not veer as far to the west at Floydada.  The wind also 

backed first at the Floydada site, presumably due to its position relative to the typical 

deepening low pressure trough in the afternoon (Benjamin and Carlson, 1986). Both sites 

experienced two distinct periods of increasing moisture associated with the retreating 

dryline in the evening, occurring approximately an hour earlier in Floydada.  With the 

passage of the first retreating dryline, both stations show an increase in gustiness.  The 

diurnal trend in pressure is quite similar at both stations.  The pressure increase before 6 

UTC experienced at both sites is an interesting feature and is coincident with a 20-30º 

veering of the winds and a drop in wind speed.  It is postulated that this pattern shown by 

the retreating dryline is consistent with that of a density current. 
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Figure 2.2: Time series of surface parameters obtained from 5-minute 

observations of the WTXM for 15-16 April 2002.  Floydada is 
located 110 km east-northeast of Levelland. 
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 High-resolution mobile mesonet observations have been used to measure the 

horizontal properties of the dryline.  Detailed information on the mobile mesonet system 

is in Chapter 3 and in Straka et al. (1996).  An example of horizontal gradients of several 

parameters is shown in Figure 2.3. It shows a dewpoint gradient of approximately 1.6 

ºC/100 m and an equivalent potential temperature gradient of 2 K/100 m.  

 

Figure 2.3: Measurements taken by two mobile mesonets as they traveled 
across an advancing dryline 20 km southwest of Lubbock, TX, on 
20 April 2002. The gradients of potential temperature and virtual 
temperature were so small that the contouring routine did not 
function correctly. Each full triangle on the wind barb is 5 ms-1. 
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2.4 Vertical Structure 

 The vertical structure of the dryline is linked to the evolution of the boundary 

layer.  The established (late afternoon) dryline system is characterized by a dry, mixed 

layer to the west, a moist, mixed layer to the east, an inversion layer over the moist mixed 

layer, and a dry, residual layer at the top of the system.   In between the dry and moist 

layers there is a mixing zone of variable width.  Figure 2.4 illustrates these important 

features.  In the late afternoon, the mixing zone often “collapses” in width as shown in 

observational studies (e.g., Ziegler and Rasmusssen, 1998) and modeling studies (e.g., 

Ziegler et al., 1995).  Mobile-Doppler radar observation of a dryline by Weiss et al. 

(2004) showed a nearly vertical structure through the lowest 1-1.5 km AGL.  This 

observation was in contrast to later observations of the dryline as it retrograded which 

revealed a large tilt to the east.  A study by Demoz et al. (2003) using multiple lidars to 

sample the vertical structure of a dryline showed that the low-level moisture may be lifted 

during mixing to high altitudes (3.5 km in their case), sometimes forming clouds. Then, a 

little before sunset, vertical mixing abruptly stops. It was at this point that the moisture 

discontinuity associated with the dryline was most apparent in the lidar data. During the 

evening the vertical structure gradually undergoes a reduction in height and a decrease in 

slope (Parsons et al., 2000).  As the dryline retrogrades westward, the depth of the moist 

air becomes very shallow as it encounters the higher elevations to the west, setting up the 

rapid mixing in the morning, as described by Schaefer (1974). 
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Figure 2.4: A conceptual model derived from observations during the 
afternoon of a dryline in western Oklahoma on 24 May 1989.  
Regions labeled I-IV represent: the deep, dry mixed layer; the 
mixing zone; the moist and cooler mixed layer; and the free 
atmosphere, respectively.  The shaded area possesses relatively 
high water vapor content.  The small arrows depict vertical motion 
and the thick arrows are streamlines. (From Ziegler and Hane, 
1983). 

 

There are several recent studies that support the retreating dryline behaving in a 

manner similar to a density current.  Parsons et al. (1991) utilized Doppler lidar 

measurements to obtain the vertical structure of a dryline as it retreated past Midland, TX 

on 21-22 April 1985.  There results indicated a gradient in virtual potential temperature 

(θv, see Appendix D for a definition) and a pressure perturbation consistent with density 

current flow.  Atkins et al. (1998) used an airborne Doppler radar to sample a retreating 

dryline in Oklahoma on 6 May 1995.  They recorded radar reflectivity and Doppler 

velocity images that are supportive of the density current notion (Figure 2.5). 
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a) 

 

 b) 
 

Figure 2.5: a) An approximate east-west cross section of radar reflectivity and 
Doppler velocity from the Eldora aircraft tail radar at 2205:39 
UTC 6 May 1995.  The white arrow points to the nose of the 
westward-moving dryline (Atkins, 1998).  
b) A schematic of the vertical cross section of a density current 
associated with a thunderstorm outflow.  Notice the similarity to 
the structure observed with a retreating dryline (After Droegemeier 
and Wilhelmson, 1987).  

 
 
2.5 Diurnal Cycle 
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Under synoptically quiescent conditions, the dryline undergoes diurnal variations 

in its movement and structure.  Schaefer (1973, 1974) observed that the eastward motion 

of the dryline is generally faster than can be accounted for by advection by the wind.  He 

proposed vertical mixing as the primary cause of the eastward motion.  Across the SGP in 

the morning, the vertical moisture profile slopes downwards to the west with respect to 

the sloping terrain and can be very shallow on the western edge.  As the sun heats the 

land surface and surface layer the upward sensible heat flux allows for mixing with the 

relatively dry air aloft.  As the convective mixed layer depth grows, it breeches the 

inversion farther east and the dryline mixes rapidly east - sometimes so quickly so that 

the dryline appears to advance or “jump” eastward in discrete displacements.  Downward 

mixing of high (westerly) momentum air may also contribute to the dryline’s advance.  

As the dryline continues to move east, it encounters an increasing moist layer depth that 

takes longer to erode.  In addition, an ageostrophic wind component caused by the 

development of low pressure in the deep dry mixed layer of the high desert causes the 

winds to back or turn from the east (the isallobaric wind).  This counteracts the eastward 

mixing and helps to maintain the moisture gradient along the dryline.  By evening, with 

the loss of convective mixing, the stable nocturnal boundary layer begins to develop, and 

the easterly winds now dominate and can advect moist air back westward.  Figure 2.6 

shows the typical thermodynamic evolution of the daytime half of the diurnal cycle.  

Finally, it should be noted that there are several theories that have been proposed to 

explain different aspects of the diurnal motion of the  
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dryline and currently there is no accepted consensus theory.  Certainly, there are 

additional factors that contribute to the diurnal evolution of the dryline including the 

inertial oscillations of the LLJ and land/surface effects mentioned previously. 

 

2.6 “Stepped” drylines and along-dryline variability  

In observational studies, the dryline often exhibits a “stepped” nature during the 

advancing phase – in that there is not one moisture discontinuity but several.  A study by 

Hane (2003) documented 2-4 distinct gradients in moisture for the case of 26-27 May 

1991. The multiple discontinuities are related to the often observed tendency for the 

dryline to “jump” eastward during the day (e.g., Schaefer, 1973). Thus a time series will 

often show several discrete decreases of moisture associated with the discontinuities. 

Although how this occurs is not completely understood, it is generally attributed to the 

heterogeneous nature of the mesoscale processes that affect vertical mixing. Hane (2003) 

indicated that differences in boundary layer heat and moisture content, brought about by 

local changes in soil composition, vegetation, antecedent precipitation  and other factors, 

are responsible for this effect. It should be noted that the stepped nature is more often 

observed with quiescent dryline events, as vertical turbulent mixing is the dominant 

process for eastward mixing. Dynamic drylines often exhibit significant downward 

transfer of momentum and dry air, which will often supersede the local effects. Conder et 

al. (2001) examined a dryline that showed evidence of at least three discrete moisture 

discontinuities. Each discontinuity was represented by a drop in dewpoint of about 5º C 

along with a wind shift that showed temporal and spatial continuity. A map showing the 
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spatial distribution of the discontinuities is shown in Figure 2.7. It is postulated that the 

eastward progression of the dryline during the morning and early afternoon accounted for 

the highest number of discontinuities found in the central counties. A time series of 

observations from Reese Center (Figure 2.8) reveals the three discontinuities at that 

station.  

 

 

Figure 2.7: Map showing the number of discrete discontinuities of moisture 
sampled by stations of the WTXM for the dryline case of 29-30 
May 2001.  See Conder et al. (2001) for a more detailed discussion 
of this case. 
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Figure 2.8: An eight-hour time series of five-minute dewpoint and wind 
direction data from the Reese Center WTXM site.  Each discrete 
dryline is subjectively analyzed and labeled.  

 

The dryline can also exhibit variability along the axis of the moisture 

discontinuity. This variability is usually expressed as waves that propagate northward 

along the dryline.  These waves are a smaller phenomenon than the dryline bulge 

mentioned previously. The mechanisms responsible for these waves are presumed to be 

the same as those that produce the multiple discontinuities. That is, the same mesoscale 

spatial heterogeneities will cause variations in the local dryline environment that are 

advected along the dryline when the mean boundary layer wind is roughly parallel to the 

dryline. In addition, previous studies have shown that horizontal convective rolls (HCRs) 

may be responsible for producing or enhancing the waves as they intersect the dryline 

(Peckham, 2000, 2004; Ziegler et al., 1997). These dryline/HCR interactions may 

ultimately be responsible for the development of convection on the quiescent dryline 

(Atkins et al., 1998; Richter and Hane, 2003). 
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Figure 2.9: An eleven-hour time series of five-minute dewpoint and wind 
direction data from the Reese Center WTXM site from 20-21 April 
2002.  Time is in UTC. The dewpoint temperature is in º C. 

 
Again, although this process is not fully understood, there is a growing body of evidence 

for the existence of the mesoscale dryline waves. Figure 2.9 shows a time series where 

fluctuations of the dewpoint were discovered along a quasi-stationary dryline. Three 

pronounced oscillations with increasing wavelength can be observed. There is a 

corresponding backing/veering of the winds with each rise/fall in the dewpoint 

temperature. It may also be observed that the dry air was becoming more “entrenched” 

with each wave until being abruptly halted with the retreat of the dryline beginning at 02 

UTC. The five-minute observations of the WTXM are sufficient to resolve even smaller-

scale waves. Figure 2.10 shows several waves of different wavelengths and amplitudes. 

The wavelength must be at least several kilometers in order to be fully resolved by the 

WTXM.  There is also evidence of waves with smaller wavelengths that are under 

sampled by the WTXM.  Hane et al. (2001) observed similar wave structures along the 

dryline using aircraft and clear air WSR-88D data.  
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Figure 2.10: Time series graphs of five-minute dewpoint and wind direction 
data from four WTXM stations on 29-30 May 2001. The black 
dashed line is wind direction. The dewpoint (blue solid line) is in  
º C. The graphs show a high degree of negative correlation 
between dewpoint and wind direction. 
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2.7 Dryline Climatology 

 Rhea’s (1966) research is perhaps the earliest published study of dryline 

climatology.  He used 3-hourly surface charts and hourly radar summaries for the spring 

months (April, May and June) of 1959-1962 to examine the relationship of new radar 

echoes to the position of the dryline.  His definition of the dryline was a “…organized 

dew-point discontinuity zone of at least 10 degrees F existing between one or more 

reporting points and the nearest neighboring reporting point(s).”  He determined that a 

dryline occurred on 45% of the days in the study period.  His results also showed that 

new radar echoes appear within 320 km of the dryline 70% of the time, and the study 

concluded that the dryline is a preferred zone for convective storm initiation. 

Schaefer (1973) studied the dryline occurrence during the months of April, May 

and June of 1966, 1967 and 1968.  He established a 15 by 15 grid over eastern New 

Mexico, Texas, Oklahoma, southern Colorado and southern Kansas with a grid spacing 

of approximately 100 km and objectively analyzed 3-hour NWS surface charts.  His 

criteria were an east-west 10° F gradient in dewpoint between reporting stations, at least 

6-hour duration of the difference, and a roughly uniform moisture field east of the dryline 

of at least 50° F.  His study revealed the presence of a dryline on 114 of the 278 days of 

the study (41%).   

Peterson (1983) utilized Schaefer’s criteria to analyze drylines during the April-

June days of 1970-1979.  His study concentrated on the West Texas region from the 

Oklahoma border to the Rio Grande and from 100°W to the New Mexico border.  He 

found that there was an annual average of 30 dryline days during the period, with a 

minimum/maximum of 26/58 days, respectively. 
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This study follows in the other’s footsteps by objectively analyzing the mixing ratio 

field for the months of March, April, May and June.  Although there is no physical reason 

why drylines cannot occur during other months of the year, their frequency becomes 

markedly less and they are rarely associated with thunderstorm development. 

 

2.7.1 Data and Methodology 

All the data for this study originates in the DATSAV2 surface archive from the 

National Climatic Data Center (NCDC).  The DATSAV2 is a quality-checked archive 

containing almost all of the records available from the United States surface weather 

observation network.  The archive was converted to a binary format compatible with the 

University Corporation for Atmospheric Research (UCAR) General Meteorological 

Plotting and Analysis Package (GEMPAK) program.  In order to study the Southern 

Plains dryline, a study area of 92° W to 107° W and 25° N to 38° N was chosen. All the 

hourly records from this region for the months of March, April, May and June during the 

23-year period of 1975 to 1997 were used (over 60,000 records per station).  Using 

GEMPAK, an objective analysis of the data was performed.  GEMPAK utilizes a Barnes 

objective analysis scheme that provides recommended values for grid spacing and radius 

of influence based on the calculated average station spacing.  In this case, the average 

station spacing was ~100 km.  A 31 by 30 grid was established with a grid spacing of 

~0.5 degrees at 33° N, 101° W (Figure 2.11).  This gives an average grid spacing of 

approximately 50 km in the study area.  Figure 2.12a shows the location of every surface 

station in the study region that data was recorded for at least once.  However, for any 

given hour during the 23-year period, there was substantial variability in the number of 
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reporting stations.  Figure 2.12b is an example of the typical availability and distribution 

of stations for a given time.  Thus the degree of validity of the employed objective 

analysis scheme varies with the number of available stations.  Also noteworthy in Figure 

2.12b is the relatively wide spacing between stations in the region of dryline occurrence 

(a band stretching from Southwest Texas to Western Oklahoma). 

 

 
Figure 2.11: The grid used for the Barnes objective analysis scheme.  The initial 

grid size is 31 by 30 and the spacing is 30 minutes.  The region 
inside the polygon depicts where dewpoint and dryline data were 
output and contoured.  The grid points designated by the “X” 
symbol with the circle in the background are used to examine a 
horizontal profile of moisture with the results shown in Figure 
2.14. 
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a) 

 
b) 
 

Figure 2.12: a)  The location of all surface stations used in this study. 
b)  Stations with available data on 12 May 1986 at 00 GMT. 

 

35 



2.7.2 Dewpoint Climatology 

  An evaluation of the contribution of the dryline to the regional moisture 

climatology may be accomplished by first considering the overall distribution of near-

surface moisture.  Dodd (1965) examined the distribution of average monthly dewpoints 

and their standard deviation in the United States for the years 1949-1960 from 

psychrometric data collected by the U.S. Air Force (data availability dependent on the 

station).  The results of his study showed a dewpoint gradient that was greatest in the 

months of March, April and May over West Texas.  He also computed standard 

deviations and found that they were largest in central and eastern Texas in March, with 

the maximum moving westward into West Texas in April, far West Texas and Eastern 

New Mexico by May, and finally into Arizona by June.   For this study the surface water 

vapor mixing ratio was chosen as the moisture parameter.  Average values were 

computed and displayed on a map (Figures 2.13a – 2.13d).  

 a) 

36 



 
b) 

 
 

 
c) 
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d) 

Figure 2.13: Average water vapor mixing ratio values for the month of a) 
March, b) April, c) May, d) June, for the period 1975-1997. 

 

 
 
Figure 2.14: Average number of days that the mixing ratio >= 8.5 g kg-1 for at 

least one hour for the period March-June, 1975-1997. 
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The surface dewpoint has been used as a key parameter for the forecasting of 

severe convection for many years.  Miller (1972) defined the minimum dewpoint for 

severe convection to be 12.8° C.  This roughly corresponds to a mixing ratio of 8.8 g kg-1 

at 1000 mb.   Figure 2.14 shows the average number of days per 4-month period (122 

total days) that meet this requirement (8.5 g kg-1 was actually used to account for 

smoothing by the objective analysis) in the study region.  Examining the variability of 

water vapor is complicated by the fact that there is a non-linear relationship between the 

temperature and the saturation vapor pressure as defined by the Clausius-Clapeyron 

equation.  Thus moisture data from stations with different average temperatures cannot 

easily be compared.  A convenient measure that partially adjusts for this non-linearity is a 

“normalized” standard deviation.  This equation is given by, 
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By dividing the standard deviation by the average, the range of the variance may 

now be compared.  There is also an inherent error in taking averages of a non-normal 

distribution as is described here, but Dodd estimated that the error in his study was within 

5% and that may be assumed to be the upper-limit in this study as well.  The results of 

applying equation 2.1 to the mixing ratio values are shown in Figures 2.15a-e.  
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a) 

 b) 
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c) 

 d) 
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e) 

Figure 2.15: Normalized standard deviation of water vapor mixing ratio values 
for the month of a) March, b) April, c) May, d) June, e) All four 
months, for the period 1975-1997. 

 

 Figures 2.15a-d depict how the variance changes from March to June.  The degree 

of variability decreases each month most likely due to the decreasing frequency of cold 

fronts moving into the region.  In addition, the maximum variability shifts westward from 

central Texas and Oklahoma into the mountains of New Mexico.  Figure 2.15e shows that 

for the entire spring, the region directly adjacent to the high terrain of the Rocky 

Mountains has the highest variability, while the variability drops gradually to the Gulf 

Coast.  

 The horizontal profile of moisture with respect to time of day was also examined.  

Five grid points were chosen in a northwest-southeast line from eastern New Mexico into 

Central Texas.  The points are depicted by an “X” with a red background in Figure 2.11.  
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For each month, the average mixing ratio was plotted as a function of time of day at each 

grid point.  The results are shown in Figure 2.16.   

 

Figure 2.16: Daily profiles of mixing ratio for five grid points.  Number one is 
the northwest grid point and number five is the southeast grid point 
referenced from Figure 2.11. 

 

Examination of this figure shows that there is a general downward trend of mixing ratio 

during the day.  The downward slope is maximized in June, possibly because the solar 

angle is the greatest and the greater insolation causes a deeper mixed layer to develop 

which in turn allows for drier air to mix downward.  There also exists in each profile a 

noticeable upward jump around 13-14 GMT (7-9 am local time).  This may be attributed 
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to the addition of boundary layer moisture from the evaporation of dew following sunrise.  

The final aspect of interest is the distinct “valley” in the mixing ratio around 0-1 GMT for 

April, May and June.  These dips may represent a greater gradient than associated with 

vertical mixing alone and may be attributed to the sharpening of the dryline during the 

later afternoon as described earlier in the chapter. 

 

2.7.3 Results of the dryline algorithm 

An algorithm was developed to compare the value of mixing ratio at a grid point 

with that of neighboring grid points to ascertain the presence of the dryline.  To meet the 

dryline criteria, the mixing ratio had to be within a range (to account for smoothing by 

the objective analysis) of 7.5 to 9.5 g kg-1.  In addition, the eight neighboring points 

surrounding the grid points were used to determine an average mixing ratio gradient.  

This gradient was required to exceed 2.2 g kg-1 per three grid points.  The algorithm also 

provided checks for time and space continuity.  The dryline criteria had to be met for at 

least three adjacent grid points and for three consecutive hours for the day to be 

designated as a dryline day.  The yearly distribution of dryline days (Figure 2.17) shows 

very little yearly trend with a mean value of 28 days per 122-day period and a standard 

deviation of 9.8 days.  The resulting percentage of 23% is significantly lower than 

Schaefer’s 41% and Peterson’s 33% and is the result of the inclusion of the month of 

March in the data set.  Elimination of the March data would increase the percentage to 

29%.  A complete listing of all the drylines that were detected by the algorithm may be 

found in Appendix A.  Plotted as contoured intervals (Figure 2.18), the distribution of 

dryline days reveals a distinct band of maximum values stretching from southwestern 
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Texas into western Oklahoma, in the same vicinity as the maximum of mixing ratio 

variability plot shown in Figure 2.15.  Station locations are also plotted on the figure to 

emphasize an interesting issue in the analysis.  Notice how the maxima line up in regions 

between observing stations.  This pattern is especially noticeable between CVS and 

AMA, AMA and CDS, LBB and CDS, ABI and MWL, and MAF and SJT.  This  

signature is a result of the distribution of the surface observing stations in the data set and 

a limitation on the resolution of the analysis. 
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Figure 2.17: The number of dryline days detected by the dryline algorithm per 
year.   
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Figure 2.18: Average number of springtime dryline days, 1975-1997. 
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CHAPTER 3 

EXPERIMENTAL DESIGN 

 

3.1 Introduction 

The aforementioned ERODE project was designed to investigate mesoscale 

characteristics of the quiescent dryline through the synthesis of data collected from a 

variety of sources.  The quiescent dryline was selected because of its characteristic of 

semi-regular oscillation and to minimize the effects of a surface cyclone on the kinematic 

and thermodynamic fields.  Specific goals of the project were: 

I. To objectively analyze the experimental data in order to accurately 

describe the dryline in terms of its evolution, range of motion and 

thermodynamic properties. 

II. To examine how the dryline properties analyzed in goal I differ between 

the advancing (general eastward motion) dryline and the retreating 

(general westward motion) dryline. 

III. To examine the capability of several mesoscale atmospheric models to 

accurately predict the motion and properties of the dryline on the same 

temporal and spatial scales of the experiment. 

The project was divided into two major components:  First, a field component that 

would utilize observational platforms to measure the kinematic and thermodynamic 

properties of the quiescent dryline inside a fixed domain.  This design required that data 

be collected at a far higher temporal and spatial resolution than the standard U.S. surface 

 47



observing network would allow.  Thus, several specialized observation systems were 

designed and built.  The second component produced objective analyses of the observed 

data and additionally compares it with results obtained by performing simulations by 

mesoscale numerical models over the same domain. 

 

3.2 Experiment Timetable 

The timetable of the experiment was primarily controlled by the climatology of 

the quiescent dryline but also influenced by the availability of equipment, personnel and 

funds. Prior to deployment, the field equipment had to be procured, calibrated and, in 

some instances, built.  Field data collection was carried out from 15 April 2002 to 17 

May 2002.  A summary of the collected data is detailed in appendix B. 

 

3.3 Experimental Domain 

The region of the South Plains located across West Texas provides an excellent 

environment to conduct field research on the dryline.  The dryline is frequently present 

during the spring months.  In addition, a large mesa dubbed the Caprock (also, the Llano 

Estacado or “Staked Plains”) dominates the geography of the region. This region also 

includes an interesting geographic feature termed the “Caprock Escarpment”.  This 

escarpment separates the flat, elevated terrain of the Caprock - where the city of Lubbock 

is located - from the Rolling Plains to the East.  Along the escarpment there is typically 

an abrupt change in elevation over a relatively short distance.  This difference often 

ranges from 100 to 300 meters over a distance of several kilometers.  The Caprock  
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Figure 3.1: Map depicting the Caprock Escarpment and showing sevrelevant 

geographic regions/features.  The escarpment divides the Llano 
Estacado from the Low Rolling Plains. The Canadian River Valley 
forms a natural boundary to the north while there is a gradual 
transition to the Edwards Plateau to the south.  In the figure, the 
escarpment is depicted by the 900-meter height contour.  The box 
indicates the experimental domain depicted in Figure 3.2. 
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Escarpment can be distinguished by an examination of elevation contours in the range of 

890 to 910 meters (example of 900 meters is shown in Fig. 3-1). 

The domain was devised to take advantage of the station layout of the WTXM 

network of meteorological observation stations (See section 3.4.1 for a detailed 

description).  Conveniently, this network was centered close to Lubbock, Texas, and its 

spatial and temporal resolution was adequate for a mesoscale analysis of the dryline.  In 

addition, several auxiliary towers were positioned in the vicinity of the Caprock 

Escarpment to allow for finer resolution detail to be collected as the dryline translated up 

and down the Caprock.  In order to encompass the entire West Texas Mesonet, the 

domain stretched approximately 2.5 degrees latitude by 2.5 degrees longitude, or 

approximately 250 km by 250 km.  Within this domain, the elevation decreased from 

approximately 1350 meters in the northwest corner, to approximately 550 in the southeast 

corner.  The Caprock Escarpment may best partition land use and vegetation types across 

the domain.  On the Caprock, the natural vegetation is primarily mixed prairie grass; 

however the majority of the land is used for cropland – of which cotton is the primary 

crop.  Off the Caprock, tall grasses and sagebrush are the dominant vegetation types.  The 

majority of the land is used for grazing (Johnston, 1963).  The 30-year normal yearly 

rainfall varies from approximately 30 cm in the southwest corner of the domain to 

approximately 55 cm on the eastern boundary.  Model data of the soil moisture obtained 

from the Climate Prediction Center shows that there is a east-west gradient found during 

April and May across the domain with the western border having approximately 175-200 

mm of soil moisture (23-26% soil wetness) and the eastern border having 250-270 mm of 
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soil moisture (33-35% soil wetness), based on 30-year normals (Huang et al., 1996).  The 

domain is shown in Figure 3.2. 

 
Figure 3.2: Map of the experimental domain.  The 30 stations of the West 

Texas Mesonet are labeled with yellow dots.  The five auxiliary 
towers are labeled with red triangles. The blue squares indicate the 
National Weather Service ASOS station at Lubbock Airport and an 
experimental site near the town of Spur.  All station names are 
abbreviated.  Please refer to Table C.1 for the complete 
information on each station.  Counters are every 100 meters of 
elevation. 
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3.4 Data Platforms 

 

3.4.1 The West Texas Mesonet 

The WTXM is a network of meteorological observation towers established by 

Texas Tech University and the State of Texas.  The network extends outward from 

the city of Lubbock at a spacing of approximately one station per county, or about 30 

kilometers (please see figure 3.2 for a station map). There were 30 operational 

stations for the duration of the experiment – Appendix C contains a list of station 

information. Pertinent to this investigation, each station includes an anemometer at 10 

meters and a temperature/relative humidity probe housed inside a radiation shield at 

two meters.  Detailed specifications of the instrumentation can be found in Appendix 

D.1 and Schroeder et al (2005). An example of a site is shown in Figure 3.3.  WTXM 

meteorological data is recorded at five-minute intervals. Both the wind and 

thermodynamic data represent five-minute averages of three-second samples.  The 

instrumentation is calibrated in the laboratory prior to deployment and periodically 

checked.   

 

3.4.2 Auxiliary (portable) Towers 

The Wind Science and Engineering Research Center (WISE) at Texas Tech 

has constructed several portable instrumented towers to be used in field studies. At 

the time of this experiment, there were three 10-meter and two 3-meter towers 

available. To augment the WTXM network, the towers were to be placed as close to  
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Figure 3.3: The West Texas Mesonet tower at the Sundown/Mallet Ranch 
(MALL) site (photo by John Lipe, Lubbock NWS). 

 
the Caprock Escarpment as possible, as that was the main geographical feature in the 

domain.  However, the availability of desirable sites was often compromised by the 

inability to obtain permission for tower placement. The final locations of the towers 

were both a function of proximity to the Caprock and the availability of a willing 

host.  Figure 3.4 shows a close-up of the domain in the vicinity where the auxiliary 

towers were placed.  A site characterization of each location was performed.  This 

characterization included the use of Geographic Information System (GIS) software 

along with digital orthophoto quadrangle (DOQ) images to document the precise 

location of terrain features and possible obstructions. Figure 3.5 shows an example of 
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this analysis for the tower at White River Lake (EWRL). The towers relied on 

standard auto/marine batteries that required replacement every few days.  In addition, 

the data loggers required downloading and clearing of memory every few days to 

prevent data from being overwritten.  Portions of data were periodically lost due to 

these two factors. However, unrecoverable data made up only a small portion of the 

approximately 32 days of data. 

 
 

Figure 3.4: Close-up of the domain featuring the locations of the auxiliary 
towers. 
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Figure 3.5: One-meter resolution digital orthophoto quadrangle (DOQ) of the 
region around the White River Lake (EWRL) auxiliary tower site. 

 

3.4.2.1 10-meter towers 

These towers are roughly similar in design to the West Texas Mesonet 

towers but with less instrumentation.  Each tower has an anemometer at 10 meters 

and a temperature/relative humidity probe housed inside a radiation shield at 1.5 

meters.  Detailed specifications of the instrumentation can be found in Appendix 

D.1.  Data was sampled and recorded at two-second intervals.  The three ten-meter 

towers were deployed at the sites of Wilson, White River Lake and Macy Ranch 

(denoted as EWIL, EWRL, EMAC in Figure 3.2).  Several instrumentation 

failures/malfunctions occurred during data collection. These issues are documented 

in Appendix F.  The tower data was tested for accuracy through comparison with 
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data from the closest West Texas Mesonet sites.  An example of the towers is 

pictured in Figure 3.6. 

 
 

Figure 3.6: The 10-meter tower at the Wilson site (EWIL). 
 

3.4.2.2 Three-meter towers 

The two three-meter towers were deployed at the Town and Country Airport 

and the Crosbyton Airport (denoted as ETAC and ECRO in figure 3.2).  These 

towers were designed to be easily and quickly deployed by two people, thus their 

short stature.  Each tower has an anemometer at three meters and a 

temperature/relative humidity probe housed inside a radiation shield at 1.5 meters.  

Detailed specifications of the instrumentation can be found in Appendix D.1.  Data 

was sampled and recorded at four-second intervals.  Several instrumentation 

failures/malfunctions occurred during data collection and are also specified in 
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Appendix F.  The tower data was tested for accuracy through comparison with data 

from the closest West Texas Mesonet sites. An example of the towers is pictured in 

Figure 3.7. 

 

Figure 3.7: The three-meter tower at the Crosbyton site (ECRO). 

 

3.4.3 Mobile mesonets 

The term “mobile mesonet” was coined by researchers at the University of 

Oklahoma (OU) and the National Severe Storms Laboratory (NSSL) to refer to a 

vehicle-based mobile weather observation system they developed in the mid-1980s.  

This system has been successfully employed to study the evolution of near-surface 

meteorological variables on the fine-mesoscale and have been particularly useful in 

experiments designed to examine the thunderstorm environment.  A technical 

overview of the NSSL-OU mesonets can be found in Straka et al. (1996). 

Researchers at Texas Tech University (TTU) constructed four of these systems in 

2000-2001.  Each of the four mobile mesonets consists of instrumentation mounted 
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on an aluminum mast that can be attached to the top of a sedan or comparable 

vehicle.  Figure 3.8 shows a picture of the mobile mesonets. The goal of the TTU 

design was to replicate the NSSL-OU VORTEX mesonets and much of the 

 

 
Figure 3.8: A mobile mesonet. 

 
instrumentation is the same or has similar specifications. Pertinent instruments 

include an anemometer, temperature sensor, humidity sensor, and a barometer. 

Additional instrumentation is required to acquire accurate data on a moving platform.  

Detailed specifications of the mobile mesonet systems can be found in appendix E. 

The data was sampled at two-second intervals for the experiment. 

In order to sample applicable data, the objective of the mobile mesonets was to follow 

the movement of the dryline and conduct transects along it.  This was most readily 

accomplished by reading the dewpoint readout from the humidity instrument on a 

laptop computer in the mobile mesonet, paying attention to the trend of the dewpoint.  

In this way, each vehicle can repeatedly pass back and forth across the moisture 
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discontinuity.  When several mobile mesonets were employed, the goal was to have at 

least one vehicle simultaneously on both the moist and dry sides of the dryline.  A 

rough schematic of this sampling strategy is shown in Figure 3.9. 

 
 

 
Figure 3.9: A generalized plan utilizing four mobile mesonets to sample a 

dryline. The hypothetical dryline is moving eastward at 
approximately 5.5 m s-1.  
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3.4.4 Automated Surface Observing System (ASOS) 

The ASOS network of stations is operated by the National Weather Service 

and Federal Aviation Administration (FAA).  These stations possess a variety of 

instrumentation used to measure weather conditions in vicinity of the site.  Of interest 

to this study is wind speed and direction, temperature, dewpoint and pressure 

measurements from these stations. A list of specifications of this ASOS 

instrumentation can be found in Appendix D.2.  The only ASOS station inside the 

experiment domain is located at the Lubbock International Airport (LIA). Another 

weather station owned and operated by the NWS is located near the town of Spur 

(please refer to Figure 3.2). This station, however, is outfitted with instrumentation 

similar to the WTM stations, and bears more resemblance to those stations than to the 

ASOS.  

Normally, ASOS data is only transmitted at hourly intervals (excluding 

periodic “special observations” taken when trends of meteorological parameters 

deviate from a prescribed set of conditions).  However, data is internally stored on 

site at 1-min and 5-min intervals.  This data is automatically overwritten each day.  

By arrangement with the Lubbock NWS Office, the 5-minute data was downloaded 

via modem and archived to disk for the duration of the study.  

By incorporating ASOS wind data, an inevitable reduction in the resolution of the 

dataset and subsequent analysis was produced. For output of wind direction, ASOS 

computes the 2-minute average wind vector, adds or subtracts the magnetic 
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declination for the site, and then rounds the wind direction to the nearest 10 degrees. 

The output of wind speed is also rounded to the nearest knot.  This loss of precision 

was not deemed significant for the scale of analyses produced with the dataset. 

 

3.4.5 Other observation platforms 

A variety of supplementary weather data was collected and archived from a 

variety of Internet sources.  This includes satellite data, upper air observations, and 

radar (NWS WSR-88D) reflectivity and velocity data.  

 

3.5 Data processing 

Once the field data was collected, it had to be processed before analyses could be 

produced. This involved two primary steps: quality control and standardization. Different 

methods of each were applied for each instrumentation platform. Once the raw data was 

quality controlled, the data had to be adjusted to the same averaging times.  Wind data 

from the three-meter towers also had to be adjusted to the 10-meter height. After all the 

data adjustments have been made, additional meteorological parameters were derived 

from those directly measured.  Several different computer programs were then used to 

perform objective analyses of the data.  This section describes these processing methods.   

 

3.5.1 WTXM data 

The WTXM data required little quality control as all the instrumentation had 

been calibrated in a laboratory prior to deployment and each site is carefully 
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maintained.  The (5-minute) data from the towers was collected at TTU and stored in 

monthly files containing comma-delimited fields of meteorological parameters.  A 

computer program was written to extract the desired parameters at the appropriate 

times.  The data was then reconstructed in several different file formats for different 

analyses programs. 

 

3.5.2 Auxiliary towers 

The data from the auxiliary towers had to be extensively processed before it 

could be used for analysis.  The first step was downloading the data from the 

dataloggers.  Since this was done with three different types of dataloggers and at 

irregular intervals, the data strings collected at different times had to be carefully 

combined, and then assimilated with data from the other towers to achieve time 

continuity.  Secondly, the data was run through a set of quality control program to 

remove “data spikes” and other spurious readings. The omitted data was replaced by 

averages of adjacent data whenever possible. The two-second raw data from the 10-

meter towers was then averaged to four-seconds.  Finally, five-minute mean values 

were created for entire datasets from all five towers for use with the WTXM and 

ASOS data. An additional calculation was performed to adjust the wind speed data 

from the three-meter towers to the 10-meter height.  This correction was done through 

application of the logarithmic wind profile (Stull, 1988): 
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 where:  Uz1,2 = Wind speed at height 1 and 2; 

   z1,2 = Height 1 and 2; 

    zo = Roughness length. 

 

3.5.3 ASOS data 

The Lubbock International Airport ASOS data also required little in the way 

of quality control.  The primary problem encountered was that the 5-minute data was 

often missing for several observations prior to the top of the hour every six hours.  

The missing observations were due to a gap in data collection during modem 

communication and downloading of the data to the NWS LBB office.  The data from 

the Spur site was also collected in this manner and suffered similar data voids.  These 

missing observations were considered a significant problem since analyses of the data 

were often preferred at the top of the hour.  Where only one 5-minute observation was 

missing, the data was created by merely performing a linear interpolation between the 

nearest two points.  However, periodically 2 or more observations were missing.  In 

these cases, the affected site was omitted from the relevant analysis. 

 

3.5.4 Mobile mesonet data 

Once constructed, the instrumentation on the mobile mesonets was calibrated 

by bringing each vehicle adjacent to the WTXM site at Reese Center (REES) and 

comparing 5 minute means of data for 30 minutes.  In addition, instrumentation 
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biases were calculated by inter-comparison of each vehicle’s data.  These biases were 

then applied to all the raw data. 

The data processing method for the mobile mesonet data was unique in that 

the data was collected from a moving platform.  In general, this did not require any 

adjustments in the thermodynamic data, as the instrument systems were designed to 

account for vehicle motion.  However, one of these systems was plagued by technical 

difficulties.  Data obtained from the “fast response” temperature sensor mounted in 

the instrument enclosure (refer to Figure E.1) was contaminated with thousands of 

spikes (almost every other observation).  After removing the spikes, it was 

determined that the data could not be reconstituted. Fortunately, data from the other 

temperature sensor was reliable and was of satisfactory time resolution for this 

experiment.  The data spikes were traced to interference from the electronic 

compasses.  It was discovered that the compass wiring was not shielded sufficiently 

to prevent the interference with the fast-response temperature sensor.  

The other major instrumentation fault was inaccurate electronic compass 

readings. This jeopardized the ability to obtain correct wind speed and direction 

readings.  The function of the compasses is to give precise readings of vehicle 

heading.  In practice however, the magnetic field of the vehicle created inaccurate 

readings from the compass due to insufficient shielding that were almost impossible 

to correct.  The anemometer on the vehicle measures the vehicle-relative wind speed 

and direction. The true wind speed and direction is calculated by breaking down the 

vehicle-relative wind into its components, and then subtracting out the vehicle motion 
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vector.  The GPS receiver provided accurate readings of vehicle heading provided 

that the vehicle was moving with a speed of at least 3 m s-1.  Without accurate 

heading data from the compass, all wind data collected when the vehicle was moving 

less than 3 m s-1 had to be discarded.  Wind data was also considered unreliable and 

discarded when the vehicle was accelerating at an average rate > 2 m/s over a 4-

second period or if the vehicle was turning at a rate of > 10 degrees per 4-seconds. 

The mobile mesonet data was processed by calculating a 4-second moving 

average of the 2-second raw data.  The 4-second means and standard deviations were 

calculated.  If the standard deviations exceeded certain thresholds, the data was 

flagged for possible replacement or exclusion.  Finally, the data was formatted so that 

it could be input into the ESRI ArcGIS program for analysis. 

 

 

3.6 Derived parameters 

As mentioned in Chapter Two, there are four atmospheric variables often 

employed in dryline examinations.  These are dewpoint, mixing ratio, virtual temperature 

and equivalent potential temperature.  With the exception of the Lubbock ASOS - which 

can measure dewpoint directly via a chilled mirror hygrometer - all these variables had to 

be derived from measurements of temperature, relative humidity and barometric pressure.  

This section describes these derivations in detail.   
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3.6.1 Saturation vapor pressure 

The saturation vapor pressure, es, is a basic quantity that represents the 

amount of water vapor present in an air parcel when the pressure of the vapor is in 

equilibrium with the pressure of (in this case) liquid water (Glickman, 2000). An air 

parcel in this equilibrium is termed saturated. It is dependent upon the temperature of 

the parcel. A literature search revealed several different methods of approximating the 

non-linear variation of saturation vapor pressure with temperature. The WTXM uses 

an internal data logger instruction to calculate es using Tetens’s equation (Tetens, 

1930).  This approximation formula results in dewpoint calculation errors less than 

0.1 ºC (Campbell Scientific, 2000).  A more recent study performed by Buck (1981) 

contains another approximation that is shown to give more accurate results for the 

range of temperatures found in this experiment.  The Buck formula is also better 

suited to computer implementation, and it is used in this experiment.  The formula is 

as follows: 

 

(3.2) 

 

 where:  es = Saturation vapor pressure (hPa); and 

T = Temperature (ºC). 
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3.6.2 Dewpoint 

The dewpoint, TD, is the temperature to which a given air parcel with constant 

water vapor content must be cooled to become saturated at constant pressure 
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(Glickman, 2000).  At constant pressure, it is a conservative property of air as the 

dewpoint will not change when an air parcel undergoes isobaric heating or cooling.  

Once the saturation vapor pressure has been calculated, the dewpoint can be 

calculated in the following manner: 

First calculate the vapor pressure, e  
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where:  e = Vapor pressure (hPa); and 

   RH = Relative humidity in percent. 

 

Then the following equation is used to approximate the dewpoint (Bolton, 1980) 
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 where:   TD = Dewpoint temperature (ºC); and 

   e = Vapor pressure (hPa). 
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3.6.3 Mixing ratio 

The mixing ratio, r, is defined as the ratio of the mass of water vapor to the mass 

of dry air (Glickman, 2000).  For meteorological applications (where e << total 

pressure), r can be approximated with the following relationship (Iribarne and Godson 

(1981): 
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where:  r = Mixing ratio (g kg-1);  

ε = Ratio of molecular weight of water and dry air  

            = 0.622; 

e = Vapor pressure (hPa); and 

p = Pressure (hPa). 

 
 

3.6.4 Virtual temperature 

Virtual temperature, Tv, takes into account the lower density of moist air when 

performing calculations involving the equation of state. Tv can be approximated by 

the following formula (Glickman, 2000):  

 

(3.6) 

 

where:  Tv = Virtual temperature (ºC); 

( )rTVT 61.01+≈

 68



T =  Temperature (ºC); and 

r = Mixing ratio (g kg-1). 

3.6.5 Potential temperature 

The potential temperature, θ, is the temperature that an air parcel would have if 

brought dry adiabatically from its initial pressure to a standard pressure of 1000 hPa. 

It is used to compare the temperature of air parcels at different pressures or heights. 

Mathematically it is given by (Iribarne and Godson, 1981): 

 

(3.7) 

 

and:    

(3.8) 

 

where:   θ = Potential temperature (K); 

  T =  Temperature (K); 

  po = Standard pressure (1000 hPa); 

  χ = Potential temperature constant = 0.28571; 

  RD =  Gas constant for dry air; and 

  cp = Specific heat at constant pressure. 
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3.6.6 Equivalent potential temperature 

The equivalent potential temperature, θe, is the potential temperature of an air 

parcel if it was cooled moist adiabatically by lifting until all the moisture was 

condensed out of it.  For this study it was calculated using the following 

approximation formula (Glickman (2000): 

 

(3.9) 
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 where:  θe = Equivalent potential temperature (K); 

   θ = Potential temperature (K); 

   Lv = Latent heat of vaporization; 

   r = mixing ratio (kg kg-1); 

   cp = Specific heat at constant pressure; and 

   T = Temperature (K). 

 

 

3.7 Objective analysis methods 

As with the climatological study, GEMPAK was employed to objectively analyze 

the mesoscale data.  The data was interpolated to a 23 by 23 grid, with 0.1º by 0.1º grid 

spacing, or approximately every ten kilometers. The grid is stored in GEMPAK on a 

cylindrical equidistant projection, however for display purposes; a Lambert conic 

conformal projection is used. The analysis grid is shown in figure 3.10. 
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Figure 3.10: The objective analysis grid for the mesoscale data. Every “+” is a 
grid point. Latitude-longitude lines are dashed and stations are 
marked with red squares.  The spacing between the West Texas 
Mesonet stations averages about 30 kilometers. 

 

The five minute data was converted to GEMPAK format. In addition to the analysis of 

the thermodynamic quantities described in 3.6, several pertinent kinematic quantities of 

the wind and moisture fields were calculated using pre-defined GEMPAK functions. 

These are mass divergence, and the moisture (mixing ratio) gradient, advection and 

divergence.  Convergence may be used interchangeably with divergence, having the 

opposite sign (positive by convention).  
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3.7.1 Mass divergence 

The horizontal divergence of the wind, V
r

•∇ , may be described physically as 

the sum of the stretching term (change in wind speed downwind) and the spreading 

term (streamline channel narrowing or broadening).  In GEMPAK, this function is 

calculated in Cartesian coordinates as: 

 

 (3.10) 

 

where mx and my are map projection/scale factors. 
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3.7.2 Moisture gradient 

The horizontal gradient of moisture is important in that it determines the 

magnitude and duration of moisture divergence across the dryline. In addition, the 

magnitude and orientation of the moisture gradient in may be conducive to 

destabilization and upward motion, as is often the case in the dryline environment 

(see Bluestein, 1993).  The gradient is calculated (using mixing ratio, r, as the scalar 

quantity) as follows: 

 

(3.11) 

 

where mx and my are map projection/scale factors. 
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Only the magnitude of the mixing ratio gradient, |GRAD(r)|, is considered in the 

following dryline analyses, while the direction property of the vector is ignored. 

 

3.7.3 Moisture advection 

The advection of moisture, rV ∇•−
v

, represents the change in the quantity of 

moisture (mixing ratio in this case) following the flow. This parameter is calculated in 

GEMPAK as: 

 

(3.12) 

 

where mx and my are map projection/scale factors. 
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3.7.4 Moisture (flux) divergence. 

This quantity combines the effect of mass divergence and moisture advection. 

Surface moisture convergence is considered a necessary condition for the 

development of moist convection in the dryline environment. For mixing ratio the 

formula is: 

 
(3.13) 

 

 

Map scale factors transform grid-point values from the Lambert Conformal 

grid to a Cartesian grid.  An important consideration is that the strengths of the above 
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functions are scale dependent. Any comparisons with numerical simulations or other 

datasets on different scales will have to take this into account. Finally, in these 

calculations, the effects on the computed rates of horizontal advection by local 

changes in moisture (due primarily to evaporation and condensation) are unaccounted 

for, but most likely remain small given the unsaturated environment.  For more 

information on the GEMPAK diagnostic equations, please see Appendix B2 of the N-

AWIPS/GEMPAK 5.6 User’s Guide, 2000. 

 

3.7.5 Defining a dryline zone 

In order to objectively compare the above quantities in a region limited to 

close proximity of the dryline or “dryline zone”, a consistent representation of the 

dryline zone must be created. With the horizontal resolution limited to approximately 

ten kilometers by the analysis grid, it follows that the dryline zone should be limited 

to one or two grid points in the direction normal to the dryline orientation, while the 

along-dryline zone may stretch across the extent of the domain.  An algorithm was 

produced that utilized the mixing ratio gradient to define the dryline zone. A detailed 

description of this algorithm is contained in Appendix F. Using the orientation of the 

mixing ratio gradient, each grid point that is defined to be in the dryline zone is also 

flagged as “advancing”, “retreating”, or “stationary.”  Only the grid point values 

identified by this algorithm are used in the statistical analysis of each dryline case in 

Chapters Four and Five.  
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3.8 Mesoscale model simulations 

In order to further investigate quiescent dryline motion, model simulations were 

run on each case. Two different mesoscale models were employed, namely the 

Pennsylvania State University-National Center for Atmospheric Research (PSU-NCAR) 

Mesoscale Model 5 (MM5) and the Colorado State University-Atmospheric, 

Meteorological and Environmental Technologies (CSU-ATMET) Regional Atmospheric 

Modeling System (RAMS).  Both these models are extensively used as research tools for 

simulations of mesoscale meteorological phenomena.  Although their operational use in 

forecasting has been limited to this point (with the MM5 being more widely used in this 

role), recent advances in computing power and data transfer capabilities will only 

increase the use of these and other mesoscale models within the operational realm.  Both 

the models are generally classified as three-dimensional, non-hydrostatic primitive 

equation models. They can be configured with a wide variety of options and resolution 

depending on the phenomena undergoing investigation. For this study, the model 

simulations were carried out with availability of the surface observation network for 

verification in mind. Their domains were configured to be similar to the field experiment 

domain.  Another major consideration was the horizontal resolution required to 

accurately model the dryline.  A 6-km grid spacing (inner grid) was chosen. Typically, 

between four and six grid points are required to resolve a meteorological feature.  Thus, a 

6-km grid can resolve features approximately 24 to 36 km or greater in horizontal 

dimension.  This range compares favorably with the average spacing of the surface 

observation network in the study area. To limit the size of the model output, the inner 
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grid was nested in a coarse (18-km) grid. In order to inter-compare the performance of 

the models, an attempt was made to configure each simulation to be as similar as 

possible.  This objective was aided by the fact that observations show that for the 

duration of both cases, little thunderstorm activity or rainfall occurred across the 

simulation domain. Thus, model differences in parameterizations of cloud physics and 

moist convection are of lesser consequence.  Table 3.1 shows the grid configuration for 

the simulations while Table 3.2 highlights some of the important configuration options of 

the models.  Figures 3.11 and 3.12 show the model domains and topography.   

Output from the inner-grids of both models was archived at one-hour intervals in 

the GRIdded Binary data format (GRIB) by post-processing programs. For comparison 

with surface observation data, the output from the lowest sigma (σ=0.995) level was 

used. This corresponds to an elevation (AGL) of about 30 to 40 meters. Additional post-

processing was employed to interpolate this data to the surface, 10 meters for wind data 

and two meters for temperature and humidity data.  Finally, the GRIB data was 

interpolated to a GEMPAK grid identical to the surface observation OA grid (see Figure 

3.10).  This necessitated a reduction in the resolution of the model output data from 6 km 

to about 12 km. 

More detailed information on the RAMS model can be found in Pielke et al. 

(1992), Pielke (2002), and Tremback and Walko (1997).  Additional information on the 

MM5 model can be obtained from Grell et al. (1994) or on the Internet at 

http://www.mmm.ucar.edu/mm5/mm5-home.html. 
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Table 3.1: Model grid configuration (nearly identical for both models). 
 

Parameter Specification 

 Number of grids 2 

Grid resolution 18 km (grid 1), 6 km (grid 2) 

Dimensions 47 by 47 (grid 1 and 2) 

Grid center point 24.0 lat, -101.7 lon 

Initialization NCEP ETA model (40 km AWIPS Grid 212)  
0 hr fcst 

Simulation duration 60 hours 

Lateral boundary 
nudging 

NCEP ETA model (40 km AWIPS Grid 212)  
0 hr fcst 

Moist physics Full bulk microphysical model with moisture, rain, 
clouds, ice and water. 

 

 

Table 3.2: Comparison between the MM5 and RAMS model specifications. 
 

Parameter MM5 RAMS 

Grid type Arakawa B Arakawa C 

Vertical coordinate Terrain-following (σ) Terrain-height (σ-z) 

Vertical levels 24 σ-levels 50-m at surface with a vertical 
stretching ratio of 1.15 

Upper boundary 
conditions 

Radiative Solid wall with absorption layer 

Lateral boundary 
conditions Relaxation Klemp-Wilhelmson 

Elevation* USGS 30-sec (~1 km) Outer grid USGS 10-min (~ 20 km) 
Inner grid USGS 30-sec (~ 1 km) 

Land use 24-category USGS (1 km) 24-category USGS (1 km) 

Vegetation Same as above 
Biosphere-Atmosphere Transfer System 

(BATS) with 18 vegetation 
classifications 

Soil model 5 layers 12-category USDA, 11-layers .01 to .5 
meters 

PBL scheme MRF (1st order closure) Mello-Yamada TKE K 

Cumulus 

parameterization 
Grell scheme Modified Kuo 

Shallow convection None None 

* Elevation data is of higher resolution than the horizontal grid spacing, therefore it is 
smoothed to the model grid to avoid strong topographic gradients.  
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a) 

 

 

b) 

Figure 3.11: Output from the MM5 ‘Terrain’ program showing (a) the nested  
grid configuration, and (b) the topography of the inner grid. 
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a) 

 

 

 

 

 

 

 

 

 

 

 

b) 

 

 

 

 

 

 

 

 

 

Figure 3.12: Output from the RAMS ‘ramsplot’ utility showing (a) the nested 
grid configuration, and (b) the topography of the inner grid. 
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CHAPTER 4 

CASE STUDY ONE: DRYLINE OF 14 – 19 APRIL 2002 

 

4.1 Synoptic overview 
 
 The evolution of synoptic-scale features associated with this dryline episode is 

typical of early-season patterns.  At 500 hPa, a fast-moving shortwave trough moved 

through the central plains on the 14 April 2002. As the trough axis passed across the 

study area, the wind was from the north-northeast on 12 UTC on the 14th (Figure 4.1a). 

The flow across the area turned to the south in response to a longwave trough moving 

into the western U.S.  By 1200 UTC on the 16th, strong southwest flow at 500 hPa was 

established (Figure 4.2a). This pattern continued for several days across the western 

United States as several shortwaves moved through the mean trough, maintaining its 

intensity and position. By 1200 UTC on the 18th (Fig 4.3a), the 500 hPa flow over the 

southern Plains had become more westerly, as the mean trough slowly moved eastward. 

At 850 hPa, low-level westerly flow at 1200 UTC on the 14th (Figure 4.1b) gave way to 

southerly flow by 1200 UTC on the 16th. This backing enabled low-level moisture to be 

drawn from the Gulf of Mexico – first into south and central Texas and then up onto the 

Caprock.  By 1200 UTC on the 18th (Figure 4.3b), the increased westerly flow caused the 

EML to spread across southern New Mexico and west Texas (as indicated by the 

decrease in moisture at El Paso) and produced a sharp gradient in 850 hPa moisture near 

the Texas and New Mexico border.  Finally on 19 April, a cold front moved into the 

region, scouring out the low-level moisture, and ending the quiescent dryline cycle. 
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 a) 

 b) 

Figure 4.1: Constant pressure charts for a) 1200 UTC 14 April 2002 at 500 
hPa, and b)  1200 UTC 14 April 2002 at 850 hPa.  Units of 
absolute vorticity shading on the 500 hPa maps are 10-5s-1. 
Dewpoints greater than 6 ºC are shaded on the 850 hPa maps. 
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 a) 

 

Figure 4.2: Constant pressure charts for a) 1200 UTC 16 April 2002 at 500 
hPa, and b)  1200 UTC 16 April 2002 at 850 hPa.  Black lines are 
contours of geopotential height in meters. Red dashed lines are 
contours of temperature in ºC. 

b) 
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 a) 

 

Figure 4.3: Constant pressure charts for a) 1200 UTC 16 April 2002 at 500 
hPa, and b)  1200 UTC 16 April 2002 at 850 hPa.  Station plot 
depicts the wind in knots, temperature and dewpoint in degrees 
Celsius, and heights in meters (+1000 for 850 hPa).  

b) 
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4.2 Mesoscale overview 
 

Throughout this period, the surface dryline oscillated across the experimental 

domain four times. In general the dryline began to move eastward in the morning, stalling 

during the late afternoon and early evening, and then reversing during the night. 

However, each oscillation of the dryline exhibited differences in speed, timing, direction, 

and distance traveled before stalling. A time series of dewpoint temperature and wind 

direction taken from the WTXM site at Reese Center (Figure 4.4) shows the four dryline 

oscillations as increases and decreases in dewpoint correlated with changes in wind 

direction. 

 

 

Figure 4.4: Five-minute observation plot of dewpoint temperature and wind 
direction from the Reese Center (REE) mesonet site. Note an 
approximate mirror-image appearance to the two graphs. 
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The motion of the dryline can also be visualized through a horizontal time section 

(Saucier, 1955). In this case, six WTXM mesonet stations along a roughly horizontal line 

were used to create the time section. Observations every hour are artificially spread out 

along the ordinate to create a continuity chart. This chart (Figure 4.5) shows the evolution 

of the moisture and wind direction at each station. Stations further to the west spend more 

time in drier air than eastern stations. The apparent trend is for the dry air to advance 

further eastward with each dryline episode with the moist air not returning as far until the 

very last episode where the retreating dryline moves to the western border by 12 UTC on 

the 18th (note that this plot does not show the final dryline oscillation on the 18th-19th).  

Standard plan-view maps are also useful in tracking the dryline. Although nearly 500 of 

these maps were produced for this case, only two of the maps are shown in Figures 4.6a-b 

as particularly impressive examples of advancing and retreating drylines.  By examining 

the evolution of the 8.5 g kg-1 mixing ratio isohume at an hourly scale, the complete 

motion of the dryline for this case can be reconstructed. Figures 4.7a-h show that the 

dryline history can be divided into four distinct advancing/retreating cycles.  Certainly, 

the dryline cycles exhibit a wide range of motion. For example, the advancing dryline on 

the 17th (Figure 4.7e) shows little eastward motion – especially across the northern 

sections of the domain. By late afternoon it had ceased any forward progress over the 

central portion of the domain. Comparison with the plot from Reese in Figure 4.4 reveals 

that the dryline was not particularly strong in terms of the dewpoint gradient at that 

station. The figures also serve to illustrate the difficulty in determining the moment the 

dryline begins to advance or retreat at this scale. Often, portions of the dryline will be 
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moving in opposite directions.  Although in some cases the dryline either moves east or 

west of the domain, in general the domain seems to capture a large proportion of the 

dryline motion – at least in an east-west sense. It is also interesting to note that the dryline 

primarily takes an approximate north-south orientation across the western portions of the 

domain, and a more east-west orientation across the eastern half of the domain.  The main 

result of this characteristic is to give the dryline a general southwest-northeast tilt. This 

orientation may be related to the position and orientation of the lee trough over the 

western portions of the domain and the greater moisture depth across the southeast 

portions due to the lower elevation off the Caprock and the closer proximity to the Gulf 

of Mexico.  
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Figure 4.5: Horizontal time section of the dewpoint temperature (ºC) for six 
WTXM stations from 12 UTC 14 April 2002 to 12 UTC 18 April 
2002.  The stations are depicted on a straight west to east line, 
although in actuality there is several kilometers of longitudinal 
variation between them. The wind barb depicts direction only.  
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 a) 

 b) 

 Figure 4.6: Surface analyses at a) 1520 UTC 15 April, and b) 2300 UTC 18 
April. Station plot depicts temperature and dewpoint in ºC, and 
mixing ratio in g kg-1.  Each full wind barb is 10 m s-1. Shaded 
regions denote moisture advection; red hues indicate negative 
values and green/blue hues indicate positive values. 
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Figure 4.7:  Isochrone analysis of the 8.5 gkg-1 mixing ratio contour for the 
 

 
 

   
 

 

 

 

 

 a) b) 

 

c) d) 

 

 

 

 

oscillating dryline. a) 16 – 19 UTC 15 April, b). 04 – 11 UTC 16
April, c) 14 – 18 UTC 16 April, and d) 11 – 16 UTC 17 April.  
Plus sign symbols indicate WTXM locations. 
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 e) f) 

 

 

 

 

 

 

 

 

 

  
g) h) 

Figure 4.7 continued: e) 19 – 23 UTC 17 April, f). 00 – 08 UTC 18 April,  
g) 13 – 20 UTC 18 April, and h) 21 UTC 18 April  – 06 
UTC, 19 April. 
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4.3 Dryline statistics 

A stated objective of this research is to investigate differences between the 

advancing and retreating drylines.  With the dryline divided into each advancing and 

retreating cycle, the gridded fields were calculated, subjected to the dryline identification 

algorithm (section 3.7.5 and Appendix F), and descriptive statistics were produced.  

Table 4.1 shows the average, standard deviation, and coefficient of variation (standard 

deviation divided by the mean) of the indicated variables for all grid points.  

 

Table 4.1: Summary of the statistics obtained for grid points identified as 
dryline (“DL”) and non-dryline (“NULL”) for all dryline cases. 

 
 

Advancing Dryline 
Variable Average Standard  

deviation 
Coefficient of 

variation 
DL NULL DL NULL DL NULL 

Mixing ratio (g kg-1) 8.74 7.59 0.65 1.99 0.07 0.26 
Moisture convergence (10-7 s-1) 1.95 0.27 5.16 3.54 2.65 13.11 

Mass divergence (10-5 s-1) -3.77 -0.67 4.82 3.47 1.28 5.18 
Moisture advection (10-2 g kg-1 hr-1) -9.23 -0.52 5.40 4.46 0.59 8.58 
Moisture gradient (10-2 g kg-1 km-1) 13.41 3.63 1.84 1.88 0.14 0.52 

 
Retreating Dryline 

Variable Average Standard  
deviation 

Coefficient of 
variation 

DL NULL DL NULL DL NULL 
Mixing ratio (g kg-1) 8.49 9.18 0.51 2.36 0.06 0.26 

Moisture convergence (10-7 s-1) 7.65 -0.18 4.26 3.87 0.50 21.5 
Mass divergence (10-5 s-1) -3.76 0.94 4.19 3.61 1.11 3.84 

Moisture advection (10-2 g kg-1 hr-1) 15.74 3.34 8.36 4.47 0.53 1.34 
Moisture gradient (10-2 g kg-1 km-1) 12.27 3.75 2.50 2.52 0.20 0.53 
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This data results from a compilation of all eight dryline cycles and is partitioned 

by whether or not the dryline is determined to be advancing or retreating and whether or 

not the grid point met the dryline criteria.  The table shows that for the null grid points, 

the standard deviations of the parameters are exceedingly high and thus no precise 

information can be obtained from them.  Likewise, mass and moisture convergence 

standard deviations are very high compared to the average values for the dryline grid 

points.  However, it may not be inappropriate to speculate that there is evidence for 

moisture and mass convergence along the dryline in comparison to the null grid points 

and that greater moisture convergence may take place along the retreating dryline than 

the advancing dryline. This is also indicated by the second case study in Chapter 5.  The 

moisture advection terms, although having high standard deviations, bear out the 

expected nature of the advection with each dryline. Stronger advection is indicated with 

the retreating dryline.  No significant difference can be seen in the moisture gradient term 

between the two drylines. It was noted that although the listed average moisture gradient 

was on the order of 1 × 10-2 g kg-1 km-1, subjective analysis showed that in the vicinity of 

the dryline the gradient was sometimes one order greater – especially when associated 

with the retreating dryline. These higher grid point values were undersampled however 

because they were usually offset from the grid point identified as a dryline.   A solution to 

this potential inaccuracy was not found. A breakdown of each of the dryline cycles is 

given in Figures 4.8.  These figures show that in two of the advancing drylines (2-A and 

4-A) there is little moisture convergence shown. This characteristic is despite an 

estimation of impressive negative moisture advection occurring with the dryline.   
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Figure 4.8: Graphs of the computed dryline statistics for the four oscillating 
drylines of case one (‘A’ – Advancing, ‘R’ – Retreating, “n” – null 
grid points). The light-colored bar represents the average value, 
while the black bar represents the standard deviation. All values 
except mixing ratio (MXR) are scaled. Units are: mixing ratio 
(MXR) - g kg-1. Moisture convergence (SIV) – 10-7 s-1, mass 
divergence (DIV) – 10-5 s-1, moisture advection (ADV) – 10-2 g kg-

1 hr-1, moisture gradient (GRA) – 10-2 g kg-1 km-1. 

 93



 
Subsequent analysis showed that in each case there was a rapid veering in the 

early morning of wind direction across most of the domain, and then generally less than 

30 degrees of veering of wind direction associated with the passage of the dryline 

throughout the rest of the period.  An example of one of the periods with near uniform 

wind direction is shown in Figure 4.9. 

 

 

 
Figure 4.9: Surface wind and moisture analyses at 1600 UTC 18 April. Station 

model and moisture convergence indicated as in Figure 4.6.  Origin 
of northwesterly surface wind at KMUS is unknown. EMAC is 
located in a narrow canyon and often has a wind direction with a 
greater easterly component than surrounding sites. It is believed 
this is due to the effects of the local topography and not instrument 
error. 
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4.4 Model simulations 
 

This section compares the observed dryline characteristics to the modeled drylines 

from the MM5 and RAMS simulations.  A qualitative assessment of the predicted 

position of the dryline will be made, along with a more general evaluation of the two 

models’ performances in depicting the oscillating nature of the dryline.  The dryline 

simulations were initialized with data from the National Center for Environmental 

Prediction’s (NCEP) 40-km resolution operational ETA model. Thus, the model initial 

fields are in essence interpolated fields obtained from the ETA.  The ETA initial fields 

are calculated through a series of retrievals and processing of data by the ETA Data 

Assimilation System (EDAS) (Nelson, 1999). The EDAS produces mass and 

thermodynamic fields that have reached a degree of balance, so that the MM5 and RAMS 

initial fields do not require a period of adjustment before reaching balance. Figures 4.10a-

c show the observed and modeled wind and mixing ratio fields for the model 

initialization time of 12 UTC, 15 April 2002. Comparison between the RAMS and MM5 

simulations show that both initial fields are very similar, The MM5 and RAMS near-

surface wind and moisture fields are roughly comparable, with a general south-southwest 

wind field over the western half of the domain, and southwest across the eastern half. The 

orientation and magnitude of the moisture field and gradient also appear very similar, 

with the RAMS having slightly lower moisture values across the northwest portion of the 

domain.  In comparison with the observed fields however, several significant differences 

are observed.  In the moisture field, the observed data shows only a small gradient across 

the domain. Although the values of mixing ratio are similar across the southeast portion 
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of the domain, they are much higher than the simulated values across the northwest.  The 

observed wind field shows a lack of westerly component except for the northeast portion 

of the domain.  In the south and southeast portion, the wind is lighter than simulated and 

there is a significant easterly component at some stations that is reflected in the OA field.  

 

 
a) 

 

Figure 4.10:  Comparison of the 12 UTC 15 April 2002 surface wind and mixing 
ratio fields for a) actual observations (station model and moisture 
convergence indicated as in Figure 4.6). 

 
 
 As with the observed dryline, graphs of the change of the dryline (represented by 

the 8.5 g kg-1 isohume) were produced at hourly intervals to track the model predictions 

of the oscillating dryline.  Figures 4.11 and 4.12 show the results from the simulations.  
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b) 

 
 

 
c) 

 
Figure 4.10 Continued:  Comparison of the 12 UTC 15 April 2002 surface wind 

and mixing ratio fields for b) MM5 model initialization and, c) 
RAMS model initialization. 
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a) b)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

c) d)  
 
 
 

Figure 4.11: Isochrone analyses from the MM5 model output of the 8.5 g kg-1 
isohume for a) 16-19 UTC 15 April, b) 23-06 UTC, 15-16 April, c) 
08-13 UTC, 16 April, and d) 08-15 UTC, 17 April 2002.  
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 a) b) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
c) d) 

 
Figure 4.12: Isochrone analyses from the RAMS model output of the 8.5 g kg-1 

isohume for a) 16-20 UTC 15 April, b) 04-12 UTC, 15-16 April, c) 
14-17 UTC, 16 April, and d) 08-15 UTC, 17 April 2002.  
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These figures show that while both models depict the diurnal oscillation on the 15-16th, 

the MM5 begins with the dryline located too far east (Figure 4.11a), while the RAMS 

initial location is more accurate. The MM5 also retreats the dryline too early in the 

evening. The RAMS timing is better, however it begins to diverge from the observed 

dryline by greatly underestimating the extent of the westward retreat (Figure 4.12b).  

During the day of the 16th, both models advance the dryline too quickly eastward (Figures 

4.11c and 4.12c).  The MM5 begins the dryline’s retreat several hours too early, but is 

roughly accurate with the dryline’s position by the morning of the 17th (Figure 4.11d). 

The RAMS simulation, however, does not even retreat the dryline far enough west to 

return into the experimental domain. The 60-hour forecast length was insufficient to 

simulate the oscillating drylines of the 17th-19th of April. By the time of the fourth dryline 

cycle (the final retreat), the model simulations were into their 40-plus forecast hour, a 

possible explanation for the rapid decrease in accuracy in the RAMS model.  The effects 

of nudging of the model fields every twelve hours versus an operational forecast with no 

nudging were not studied, however it is likely that the nudging in these simulations 

would act to dampen differences between observed and predicted variables. Time series 

plots of mixing ratio at grid points located in various sections of the domain are also 

useful to compare the model difference and are shown in Figures 4.13a-d. In all five 

cases the MM5 outperforms the RAMS after 24 hours.  The RAMS forecast falters fairly 

quickly, underestimating even the first moisture return. The MM5 forecasts also show a 

marked decrease in accuracy after the first 24 hours with regards to moisture level – 

particularly for the two westernmost stations (Figures 4.12a, b). In comparison to Figure 
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4.4 and other plots of WTXM data, another noticeable discrepancy is that the change in 

mixing ratio for both the advancing and retreating drylines occurs much quicker in the 

observed data. By examining the model forecasts of the u-component of the 10 meter 

wind in Figures 4.14a-b, one reason for the RAMS failure to forecast the westward 

motion of the retreating dryline is the lack of an easterly component to the forecast wind.  

 

 

 
 

a)  
 
 

 
 b) 

 

Figure 4.13: RAMS and MM5 forecast time series of the mixing ratio (g kg-1), 
interpolated to the WTXM stations of a) Muleshoe, b) Plains.  The 
thin black line depicts the actual observations at the site. 
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c) 

 

 
d) 

 

 

e)  
 

Figure 4.13 Continued:  For WTXM stations c) Reese, d) Post, e) Roaring  
               Springs. 

 
 
 

 102



 
 

 a) 

 
 
 
 

b) 

Figure 4.14: Time series of the u-component of wind direction (m s-1) from the 
a) MM5 and b) RAMS simulations, interpolated to the WTXM 
station at Reese Center.  

 
 
Additionally, the observed and MM5 and RAMS forecast temperature and 

pressure fields for the first 36 hours were examined in order to explain the diminishing 

accuracy of the predicted dryline location (figures 4.15-417).  The observational analysis 
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showed that the potential temperature was higher in the drier air to the northwest during 

the early evening of 15 April (Figure 4.15b). This characteristic is expected due to the 

deeper mixing in the dry convective layer. The MM5 (Figure 4.16b) showed a similar yet 

somewhat weaker gradient, while the RAMS (Figure 4.17b) potential temperature field 

was relatively constant. On the next day, the analysis did not show the higher 

temperatures in the northwest, instead showing a nearly constant potential temperature of 

310 K (Figure 4.15d). The model solutions also showed this pattern, however the RAMS 

model was about 2 K warmer.  Throughout the 36-hour period, the RAMS model was 

approximately 2-4 K warmer than the observations, while the MM5 was 2-4 K cooler. 

The warmer temperatures of the RAMS may be the result of greater mixing and thus may 

in some measure account for the greater eastward displacement of the dryline. 

An examination of station pressure in Figures 4.15-4.17 reveals that the MM5 and 

RAMS forecasts consistently exhibited a stronger northwest to southeast pressure 

gradient than was observed.  This is particularly noticeable across the Caprock 

escarpment where the model results erroneously accentuated the actual gradient. As both 

models employ a form of sigma coordinates, it is possible that the abrupt change in 

elevation increases errors in the calculation of the pressure gradient force (Pielke, 2002). 

 Further investigation of the RAMS pressure fields during the four 12-hour periods 

displayed in Figure 4.17 show that the pressure field and the magnitude of the pressure 

gradient changed very little. The lack of diurnal or other pressure variations may help to 

explain the absence of an easterly wind component in the RAMS forecast as 

demonstrated in Figure 4.14 by underestimating the development of the isallobaric wind. 
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a) b) 

 

  

 c) d) 

Figure 4.15: Objective analyses of potential temperature (solid red line, in 
Kelvin) and station pressure (dashed blue line, in hPa) for  
a) 12 UTC, April 15, b) 0 UTC, April 15, c) 12 UTC, April 15, and 
d) 0 UTC, April 17. 
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a) b)  

 

  

c) d)  

 

Figure 4.16: MM5 model predictions of potential temperature (solid red line, in 
Kelvin) and station pressure (dashed blue line, in hPa) for  
a) 12 UTC, April 15, b) 0 UTC, April 15, c) 12 UTC, April 15, and 
d) 0 UTC, April 17. 
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a) b)  

 

  

 c) d) 

 

Figure 4.17: RAMS model predictions of potential temperature (solid red line, 
in Kelvin) and station pressure (dashed blue line, in millibars) for  
a) 12 UTC, April 15, b) 0 UTC, April 15, c) 12 UTC, April 15, and 
d) 0 UTC, April 17. 
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Two statistics were calculated to quantitatively compare the model predictions to 

the observed data.  The root mean square error (RMSE) was calculated for the mixing 

ratio fields according to the following formula 
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 where:  j, k = Number of grid points in the x and y  directions; 

   r = Surface mixing ratio (g kg-1); 

    x, y = Grid dimensions. 

 

Additionally, the Kuiper skill score (Wilkes, 1995) is utilized to evaluate the skill of 

binary predictions – in this case whether or not a grid point is identified as a dryline grid. 

A value of 1.0 represents a perfect forecast while a value of 0 represents no correlation 

between the observed and forecast values.  A two-by-two contingency table is produced 

(Figure 4.15) and the following equation is used to calculate the Kuiper skill score: 

 

))(( dbca
bcadKSS
++

−
= (4.2) 

 

where:  KSS = Kuiper skill score (0-1); 

a,b,c,d = see Figure 4.14;. 
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Figure 4.18: A two by two contingency table comparing the predicted and 
observed dryline grid points. The total sample size equals a+b+c+d 
(484 points in this case).  

 
 
A first attempt to produce statistics for the model data using the dryline algorithm defined 

in Appendix F produced unsatisfactory results. The stringent dryline grid point criteria 

led to minimal model grid points that met the conditions. A simpler categorization of the 

dryline was needed. Grid points with a mixing ratio greater than 7.5 g kg-1 and less than 

9.5 g kg-1 were defined as dryline grid points for purposes of the model comparisons.   

This prescription seems to provide a measure of the model predictive skill despite its 

simplicity. Figure 4.16 shows the hourly distribution of grid points from the observed 

data that were identified as dryline points using the simple formula. This figure provides 

an approximate estimation of if and where the dryline was located in the domain. Figures 

4.17a-b show the RMSE for the MM5 and RAMS predicted mixing ratio fields – 

partitioned into whether or not the grid point was a dryline grid point or not. In general 

terms, the RMSE increases with each model forecast hour. The RMSE for non-dryline 
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grid points is larger for the MM5 during the approximate first seven hours of the 

simulations – or during the first advancing dryline.  Beyond this, the RAMS model 

exhibits a higher RMSE for the remainder of the forecast period. For dryline grid points, 

there is little difference shown between the RAMS and MM5 forecast error for 

approximately the first 18 hours. After this, the MM5 forecasts generally show less error. 

Figure 4.18 shows the KSS score for the simulations. The RAMS model carries a 

perfect score for the first three hours, after which it drops to almost zero, remaining there 

except for a small period on 16 April when the dryline begins to retreat.  The MM5, 

although initially performing worse than the RAMS, definitely exceeds the RAMS 

beyond six hours and shows some skill with the retreating dryline on 17 April.   

A limitation in this verification scheme is that there is no assessment of temporal 

accuracy. While the model predictions may portray the diurnal trend of the dryline in a 

general fashion, the RMSE and KSS values will still be low if the forecast timing is off 

by one hour or more. This is particular relevant to the MM5 forecast, as it does depict the 

diurnal evolution of the dryline, but is too quick with both the advancing and retreating 

phases.  If temporal accuracy is not a criterion, then the model performance will be rated 

higher. This is also true for case two in Chapter Five. 
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 Date/time (UTC) 
 

Figure 4.19: The number of grid points with a mixing ratio between 7.5 and 9.5 
g kg-1 for the observed data.  
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 a)  
 
 

 b)  
 
 

Figure 4.20: The RMSE of the mixing ratio in g kg-1 for a) non-dryline grid 
points, and b) dryline grid points.  
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Figure 4.21: A graph of the Kuiper skill score (KSS) of the model forecasts of 
the mixing ratio compared with the observed data.    
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CHAPTER 5 

CASE STUDY TWO: DRYLINE OF 6-8 MAY 2002 

 

5.1       Synoptic Overview 

The second case consists of two diurnal dryline oscillations.  On 5 May 2002, a 

large upper-level trough over the West Coast of the U.S. brought southwesterly flow to 

the bulk of the troposphere over the southern plains. This pattern also brought deep 

moisture westward into southeast New Mexico, and northward into the Oklahoma 

Panhandle. Interestingly, a small 500 hPa shortwave moving across the Texas Panhandle 

on the 5th aided the development of moist convection including a tornadic storm near 

Happy Texas (in the southern Texas Panhandle).  The storm formed about 20 km east of 

a weak dryline. This dryline advanced east from eastern New Mexico in the late morning 

hours but only moved approximately 60 km into Texas before retreating westward in the 

late afternoon. By 6 May 2002, the shortwave had moved northeast of the region (Figure 

5.1a) and a greater westerly component to the mean wind behind the wave had shunted 

the axis of low-level moisture eastward 100-150 kilometers (Figure 5.1b).  During the 

period 7-8 May 2002, the low-level jet continued to bring deep moisture into Texas, with 

the axis of the 850 hPa moisture tongue shifting gradually eastward (Figures 5.2b and 

5.3b) as the 500 hPa longwave trough made a slow transit across the Rocky Mountains 

(Figures 5.2a and 5.3a).  By the 8th, the depth of the low-level moisture was so shallow on 

the Caprock that the dryline rapidly mixed east of the study domain in the morning with 

little retreat shown during the evening.  As in the first case study, a strong cold front, 

passing through the region on 9 May 2002, ended this quiescent dryline cycle.  
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 a) 

 

Figure 5.1: Constant pressure charts for a) 12 UTC 6 May 2002 at 500 hPa, 
and b)  12 UTC 6 May 2002 at 850 hPa.  Units of absolute 
vorticity shading on the 500 hPa maps are 10-5s-1. Dewpoints 
greater than 6 ºC are shaded on the 850 hPa maps. 

b) 
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a) 

 b) 
Figure 5.2: Constant pressure charts for a) 12 UTC 7 May 2002 at 500 hPa, 

and b)  12 UTC 7 May 2002 at 850 hPa.  Units of absolute 
vorticity shading on the 500 hPa maps are 10-5s-1. Dewpoints 
greater than 6 ºC are shaded on the 850 hPa maps. 
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a) 

 
b) 

Figure 5.3: Constant pressure charts for a) 12 UTC 8 May 2002 at 500 hPa, 
and b)  12 UTC 8 May 2002 at 850 hPa.  Units of absolute 
vorticity shading on the 500 hPa maps are 10-5s-1. Dewpoints 
greater than 6 ºC are shaded on the 850 hPa maps. 
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5.2 Mesoscale overview 

The dryline advanced and retreated diurnally across the experiment domain in a 

typical fashion for two days.  Figure 5.4 shows the movement of the dryline past the 

Reese Center WTXM site with two full cycles on 6-7 May 2002.  The prevalent wind 

direction is southwesterly with the wind assuming only a slight easterly component with 

each retreat of the dryline. Three and two steps can be seen in the dewpoint drop 

associated with the first and second advancing drylines, respectively. In contrast, the 

dewpoint temperature shows a monotonic increase during the passage of both retreating 

drylines.  The horizontal time section (Figure 5.5) through the northern portion of the 

domain for this case shows that the first dryline cycle advanced approximately two-thirds 

the way through the domain, and then retreated westward to very near the Muleshoe 

(MULE) WTXM site.  The second dryline advanced from near the western border of the 

domain to near the eastern border and retreated back west to the western third by 12 UTC 

8 May 2002.  The very dry air, represented by dewpoint temperatures less than -10 ºC in 

the figure, advanced much farther east with the second advancing dryline. The third 

advancing dryline shown beginning shortly after 12 UTC 8 May 2002 was dynamically 

forced by a pre-frontal trough. The strong westerly component to the surface wind field is 

representative of the trough. By 6 UTC 9 May 2002, the wind turned northerly nearly 

simultaneously at all the stations, as a surface cold front entered the area.  
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 Date/time (UTC) 

 

Figure 5.4: A plot of the five-minute observations of dewpoint temperature 
and wind direction from the Reese Center (REE) mesonet site. 
Some features of note include the small increase in dewpoint after 
sunrise each morning presumably due to the evaporation of dew, 
the “stepped” nature of the moisture decrease with the advancing 
dryline and the turbulent nature of the wind in the dry air as 
compared to the moist air.  
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Figure 5.5: Horizontal time section of the dewpoint temperature (ºC) for six 
WTXM stations from 12 UTC 5 May 2002 to 12 UTC 8 May 
2002.  The wind barb depicts direction only. 
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During a typical dryline oscillation, there is often a period during which the 

dryline is quasi-stationary. This usually occurs during the late afternoon when the 

horizontal pressure gradient is strongest.  This environment is usually characterized by an 

increase in convergence along the dryline while the ”mixing zone” collapses in horizontal 

extent due to the frontogenetic flow (Peckham and Wicker, 2000). Figures 5.6a-b show 

the analyses for the approximate starting and ending times of a quasi-stationary dryline. 

Within the three hours shown (17:00 to 19:00 local time) the dryline moved very little. In 

fact, even during the two hours proceeding and following this period the dryline motion 

was erratic and moved only slowly as a whole. This stagnation is important for the 

consideration of convective initiation along the dryline brought about by prolonged 

moisture convergence and upward forcing. For example, the Peckham and Wicker study 

determined that weaker reference flow (exhibited by the magnitudes of u and v wind 

components) allowed greater upward transport of moisture along the dryline. Ziegler and 

Rasmussen (1998) also showed that deep mesoscale convergence along a dryline could 

lead to isolated convective initiation even though the environment as a whole was 

unfavorable for convection (usually due to a strong EML).  It follows that for the case of 

the quiescent dryline, the likelihood of convective development is greatest within the 

region where the dryline becomes quasi-stationary.  The length of time that a dryline 

mixing zone resides over a particular region may indicate whether or not deep moist 

convection will develop.  Although in this case, deep convection did not occur, there is 

prolonged moisture advection indicated by the figures into the northeast portion of the 

domain. Storm formation might be anticipated in this location. 
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 a)  

 b)  

Figure 5.6: Surface wind and moisture analyses at a) 23 UTC 6 May, and  
b) 1 UTC 7 May. Station plot and analysis as in Figure 4.6. 
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As in the first case study, the hourly progression of the surface 8.5 g kg-1 mixing 

ratio isohume is plotted to track the dryline motion.  Figures 5.7a-d illustrate the two 

cycles of advancing and retreating drylines.  The images show that the dryline mixed east 

fairly rapidly during the late morning and early afternoon hours in both advancing cases.  

The second dryline began the eastward motion approximately two hours later than the 

first one. However, it moved eastward at a faster pace, and by 21 UTC they both had 

similar locations. The east-west oscillation of the first dryline cycle was almost entirely 

confined to the experiment domain (Figures 4.7 a-b). During the second cycle, the dryline 

moved east of the domain for approximately two hours (23 UTC to 1 UTC). The moisture 

returned with a recognizable shift of the dryline orientation, changing from north-south to 

an almost west-east orientation initially, becoming more southwest-northeast as the 

dryline retreats. In each cycle, the retreating dryline ceased any west-northwest motion by 

approximately 10 UTC, regardless of position. 
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 a) b) 

 

  c) d) 
 

Figure 5.7: Isochrone analysis of the 8.5 gkg-1 mixing ratio contour for the 
oscillating dryline. a) 15 – 21 UTC 6 May, b). 23 – 10 UTC 6-7 
May, c) 17 – 23 UTC 7 May, and d) 1 – 10 UTC 8 May.  Plus sign 
symbols indicate WTXM locations. 
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5.3 Dryline statistics 

Following the procedure outlined in Chapter 4, statistics were produced for each 

of the four dryline segments. Table 5.1 shows the combined average, standard deviation, 

and coefficient of variation of several variables from the analysis for case two. Although 

the standard deviations of the variables are similar between the dryline and non-dryline 

cases, the average values are quite different. A comparison of the values shows 

similarities with those found in Table 4.8.  It becomes apparent from examining both case 

studies that the dryline grid points do exhibit greater magnitudes of moisture and mass 

convergence, moisture advection, and a stronger moisture gradient than non-dryline grid 

points. Greater moisture convergence and advection is again indicated along the 

retreating dryline. 

Table 5.1: Summary of the statistics obtained for grid points identified as 
dryline (“DL”) and non-dryline (“NULL”) for all dryline cases. 

 
Advancing Dryline 

Variable Average Standard  
deviation 

Coefficient of 
variation 

DL NULL DL NULL DL NULL 
Mixing ratio (g kg-1) 8.39 5.47 0.61 3.06 0.07 0.56 

Moisture convergence (10-7 s-1) 3.60 -0.06 5.36 5.48 1.49 91.33 
Mass divergence (10-5 s-1) -5.84 -1.64 5.16 4.82 0.88 2.94 

Moisture advection (10-2 g kg-1 hr-1) -9.08 -2.85 8.24 5.91 0.91 2.07 
Moisture gradient (10-2 g kg-1 km-1) 11.98 4.02 3.24 3.33 0.27 0.83 

 
Retreating Dryline 

Variable Average Standard  
deviation 

Coefficient of 
variation 

DL NULL DL NULL DL NULL 
Mixing ratio (g kg-1) 8.45 7.14 0.62 4.32 0.06 0.61 

Moisture convergence (10-7 s-1) 7.21 0.35 5.45 5.37 0.50 15.34 
Mass divergence (10-5 s-1) -4.03 -0.44 5.19 5.29 1.11 12.02 

Moisture advection (10-2 g kg-1 hr-1) 13.25 2.60 9.72 6.11 0.53 2.35 
Moisture gradient (10-2 g kg-1 km-1) 13.97 4.48 4.49 4.63 0.20 1.03 
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Figure 5.8 shows the variables further broken down for each advancing and 

retreating dryline segment.  In general, these two oscillations show less variation than the 

four oscillations of case one. The advancing and retreating dryline appear relatively 

similar according to the analyzed variables. 

 

 

 

Figure 5.8: Graphs of the computed dryline statistics for the two oscillating 
drylines of case two (‘A’ – Advancing, ‘R’ – Retreating, “n” – null 
grid points). The light-colored bar represents the average value, 
while the black bar represents the standard deviation. All values 
except mixing ratio (MXR) are scaled. Units are: mixing ratio 
(MXR) - g kg-1. Moisture convergence (SIV) – 10-7 s-1, mass 
divergence (DIV) – 10-5 s-1, moisture advection (ADV) – 10-2  
g kg-1 hr-1, moisture gradient (GRA) – 10-2 g kg-1 km-1. 
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5.4 Model results 

Repeating the methodology from Chapter 4, RAMS and MM5 model simulations 

were performed for the second case. Each simulation was initialized from the NCEP ETA 

re-analysis data for 12 UTC 6 May 2002 and ran for 60 hours to 00 UTC 9 May 2002.  

Figures 5.9a-c show the observed and modeled wind and mixing ratio fields for the 

model initialization time. 

 

 
a) 

 
 

Figure 5.9: Comparison of the 12 UTC 6 May 2002 surface wind and mixing 
ratio fields for a) actual observations (station model and moisture 
convergence indicated as in Figure 4.6). 
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 b) 

 
c) 

Figure 5.9 Continued:  Comparison of the 12 UTC 6 May 2002 surface wind and 
mixing ratio fields for b) MM5 model initialization and, c) RAMS 
model initialization. 
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Both model initializations of surface moisture agree generally well with the 

observed conditions. While the observed and model moisture gradients are very weak 

across most of the domain, both model initial conditions depict a stronger gradient in the 

northwest corner than actually exists.  The modeled wind field accurately represented the 

stronger westerly component to the surface wind observed in the northwestern domain, 

such that another mechanism must be responsible for the moisture gradient depicted by 

the models in this area.  As in the first case study, neither model accurately portrays the 

southerly and southeasterly observed winds in the southern portion of the domain, with 

both initial mass fields dominated by a noticeably uniform southwest wind. The MM5 

does show a more southerly component to the wind across the most eastern columns of 

the domain, something not apparent in the RAMS wind field.  

Isochrone analyses of the model forecast 8.5 g kg-1 isohume were produced to 

track the progress of the drylines of 6-8 May 2002.  With the first advancing dryline 

(Figures 5.10a and 5.11a), both models portray the eastward push of the dryline with 

some accuracy.  The RAMS model takes the dryline further east than was observed.  As 

the first dryline retreats during the night of the 6-7 May 2002 (Figures 5.10b and 5.11b), 

the RAMS model does not bring the moisture back far enough west – repeating the trend 

from the first case. The MM5 model retreats the dryline farther west than the observed 

dryline. As the dryline mixes east on the 7th (Figures 5.10c and 5.11c), both models depict 

the advance in a similar fashion, despite being initially located too far west (MM5) and 

too far east (RAMS). Their forecast dryline positions at 18-19 UTC are very similar. The 

observed evolutions of the advancing drylines on the 6th and 7th show a slowing trend in 
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the center portion of the domain off the Caprock (in the vicinity of the Roaring Springs 

and Spur stations). Neither model displays this trend.  Regarding the evening and 

nocturnal dryline retreat of 7-8 May 2002 (Figures 5.10d and 5.11d), again the RAMS 

significantly underestimated the westward motion of the dryline. The MM5 again 

overestimated the westward motion, depicting the moisture return all the way to the very 

northwest corner of the domain. Another interesting feature of note is the relative speed 

of the dryline motion between the MM5 and RAMS forecasts. In Figures 5.10 and 5.11, 

both model forecasts show similar timing for the start and stops times of dryline motion, 

generally within an hour of each other. However, the RAMS model shows a distinct slow 

bias for the retreating phase of the dryline.  Further detailed studies might have to be 

performed to reveal the cause of this characteristic. It is probable that the primary cause is 

the relatively poor forecast of the direction of the surface wind. However, other factors 

such as the forecast of the depth of the moisture versus the terrain may also contribute to 

this effect.   
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a)  

 
b)  

  
c)  d)  

 

Figure 5.10: Isochrone analyses from the MM5 model output of the 8.5 g kg-1 
isohume for a) 15-22 UTC 6 May, b) 23-8 UTC 6-7 May,  
c) 10-19 UTC 7 May, and d) 21-7 UTC 7-8 May 2002.  
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a)  b)  

 

  
c)  d)  

 

Figure 5.11: Isochrone analyses from the RAMS model output of the 8.5 g kg-1 
isohume for a) 15-20 UTC 6 May, b) 23-9 UTC 6-7 May,  
c) 13-18 UTC 7 May, and d) 22-8 UTC 7-8 May 2002.  
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 Time series plots of the model mixing ratio forecasts interpolated to five WTXM 

stations are shown in Figures 5.12a-e.  As in the first case study, the RAMS forecasts 

significantly underestimate the moisture levels during and following the first retreating 

dryline cycle. However, unlike the first case study, the RAMS did a considerably better  

 

 
a)  

 

 
b)  

Figure 5.12: MM5 and RAMS forecast time series of the mixing ratio (g kg-1), 
interpolated to the WTXM stations at a) Muleshoe, b) Plains.  
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 c)  

 
d)  

 
e)  

Figure 5.12 Continued: For WTXM stations c) Reese, d) Post, e) Roaring Springs.  
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job predicting the moisture levels off the Caprock. In fact, the MM5 and RAMS moisture 

curves for Post and Roaring Springs appear very similar. The RAMS shows a greater 

moisture decrease with the first advancing dryline, and then a slower increase with the 

retreating dryline, introducing a large gap in moisture levels. The slope of the moisture 

decrease is roughly similar with the second advancing dryline, however the RAMS is 

slower with the final moisture return. The RAMS underestimate of moisture return is 

once again attributable at least in part to an inferior forecast of the easterly component of 

the low-level wind field. Figures 5.13 and 5.14 show the MM5 and RAMS model 

forecasts of the u-component of the 10-meter winds for Reese Center.  

 

 

 

Figure 5.13: Time series of the MM5 forecast of the u-component of wind 
direction (m s-1) interpolated to the Reese Center WTXM station.  
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Figure 5.14: Time series of the RAMS forecast of the u-component of wind 
direction (m s-1) interpolated to the Reese Center WTXM station.  

 

Once again, the RAMS model shows no easterly component, except during the 

first retreating dryline around 07 UTC 7 May 2002. However, unlike in the first case 

study, the MM5 model depicts a strong easterly component for both retreating dryline 

phases. A comparison with Figure 5.4 shows that the MM5 forecast is likely overdone.  

To verify this, a comparison was done with the gridded analysis of the observational data. 

Figures 5.15a-b show the observed and modeled analyses from 7 UTC 7 May 2002, when 

the easterly component of the MM5 forecast winds were maximized at Reese Center 

during the first retreating dryline.  From these figures it is apparent that the MM5 forecast 

vastly overestimates the easterly component of the wind field and the northwest extent of 

the moisture. The origin of this effect and the similar one that occurred with MM5 

forecast of the second dryline retreat on the evening of 8 May 2002 is unknown. 
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 a)  

 
b)  

Figure 5.15: 7 UTC 7 May 2002 analyses from a) observed data, and b) MM5 
19 hour forecast. Contours of mixing ratio appear on both plots.   
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Figures 5.16-5.18 show the comparison between the observed temperature and 

pressure fields and the MM5 and RAMS predictions.   The observed potential 

temperature field (Figures 5.16a-d), displays little gradient at 12 UTC, and a northwest to 

southeast gradient at 0Z. This is due to the dryline position near the western boundary in 

the early morning and near the eastern boundary during the evening. The northwestern 

portions of the domain undergo greater sensible heating due to the lack of moisture 

behind the dryline. The MM5 forecast (Figures 5.17a-d) portrays this diurnal gradient, 

but underestimates it.  As in case one, the RAMS forecast (Figures 5.18a-d) shows little 

variation in potential temperature at 0Z, however the temperature forecast is more 

accurate. The MM5 is once again somewhat cooler than the observations at 0Z (Figures 

5.17b and 5.17d), and this may contribute to the modeled dryline retreating farther 

westward than was observed. 

Regarding the pressure gradient, the same terrain-related pattern that appeared in 

the first case was present. Although the modeled gradient was consistent with the 

observations with regard to the northwest to southeast orientation, the gradient was 

enhanced along the Caprock to a degree not supported by the observations.  While the 

observed gradient showed a distinct diurnal trend; weakening at night and increasing 

during the day, both modeled gradients did not appear to exhibit this trait. Overall, the 

modeled gradient was generally slightly greater than the observed gradient. The RAMS 

forecast pressure was consistently six-eight hPa too low in the northwest corner of the 

domain while the MM5 showed a positive four-eight hPa bias near the southeast corner.  
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a) b)  
 

  
 
 c) d) 
 
 
Figure 5.16: Objective analyses of potential temperature (solid red line, in 

Kelvin) and station pressure (dashed blue line, in hPa) for  
a) 12 UTC, 6 May, b) 0 UTC, 7 May, c) 12 UTC, 7 May, and d) 0 
UTC, 8 May. 
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 a) b) 
 
 

  
 c) d) 
 

Figure 5.17: MM5 model predictions of potential temperature (solid red line, in 
Kelvin) and station pressure (dashed blue line, in hPa) for  
a) 12 UTC, 6 May, b) 0 UTC, 7 May, c) 12 UTC, 7 May, and d) 0 
UTC, 8 May. 
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 a) b)  
 

  
 c) d) 
 
 

Figure 5.18: RAMS model predictions of potential temperature (solid red line, 
in Kelvin) and station pressure (dashed blue line, in hPa) for  
a) 12 UTC, 6 May, b) 0 UTC, 7 May, c) 12 UTC, 7 May, and d) 0 
UTC, 8 May. 
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5.5 Comparison of the model forecasts with observations 

The model dryline forecasts were assessed by a qualitative comparison of the 

mixing ratio for both dryline and non-dryline grid points following the procedure outlined 

in Chapter 4.  The total number of grid points with an observed mixing ratio between 7.5 

and 9.5 g kg-1 were calculated and given in Figure 5.19. The increases in the late 

morning/early afternoon are associated with the dryline advancing/retreating across the 

area.  The graph shows two periods when the dryline was not detected in the domain. 

Analyses from these two periods are shown in Figures 5.20a-b.  On 14 UTC 6 May 2002 

no dryline grid points were detected as the dryline had retreated west of the domain and 

the mixing ratio field varied from approximately 11 to 15 g kg-1. No dryline grid points 

were detected either from 21-23 UTC 7 May 2002 when the dryline had advanced east of 

the domain. Figure 5.20b shows that at 23 UTC the mixing ratio ranged from 

approximately 2 to 4 g kg-1 to the west of the dryline. 

 

Figure 5.19: The number of grid points with a mixing ratio between 7.5 g kg-1 
and 9.5 g kg-1.   
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 a)  

 b)  

Figure 5.20: Surface analysis from a) 14 UTC 6 May 2002 and,  
b) 23 UTC 7 May 2002.   
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The RMSE of the model forecasts are displayed in Figures 5.21a-b. As in case 

study one, a general trend toward increasing error with model iteration can be seen.  For 

non-dryline grid points, the RAMS and MM5 forecasts show roughly similar errors and 

error trends through the first 12 hours, with the RAMS error dramatically increasing for 

the period 0-6 UTC on the 7th. Model performance is then similar until approximately 20 

UTC on the 7th, when the MM5 error increased markedly. For dryline grid points, the 

MM5 outperformed the RAMS through about 8 UTC on the 7th, after which there is no 

clear trend through 23 UTC May 7th.  After The MM5 forecast error peaks around 12 

UTC on the 7th, it then shows a slight decreasing trend for the remainder of the period. 

For the final retreat phase (0 UTC – 12 UTC May 8th), the RAMS error for all grid points 

rapidly increased as the dryline continued to retreat west in contrast to the RAMS 

forecast.  

 Assessment of the Kuiper skill score (Figure 5.22) shows that both models display 

some skill at forecasting the first advancing dryline until approximately 20 UTC on the 

6th. After this, the RAMS model performs very poorly until the final retreating phase 

beginning around 0 UTC on the 8th, when it captures the initial dryline retreat across the 

southeastern portion of the domain before stopping prematurely (refer to Figures 5.7d and 

5.11d).  The MM5 in general performs well for the first 18 hours, including the first 

retreating phase, before having little in the way of positive results for the remainder of the 

forecast period. A comparison with the Kuiper skill score from case study one (refer to 

Figure 4.21) shows that the simulations generally fail within 24 hours in their dryline 

position forecast, and the results beyond that point are unreliable.   
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a)  

 
b)  

Figure 5.21: RMSE of model forecast mixing ratio (g kg-1) for a) non-dryline 
grid points, b) dryline grid points.   
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Figure 5.22: A graph of the Kuiper skill score (KSS) of the model forecasts of 
the mixing ratio compared with the observed data.   
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CHAPTER 6 

FINE-SCALE OBSERVATIONS OF 6 MAY 2002 

 
 
6.1       Overview 

Two mobile mesonets were deployed on 6 May 2002 to sample the dryline as it 

advanced eastward off the Caprock before becoming quasi-stationary during the late 

afternoon (refer to Figures 5.6 and 5.7a).  The mesonets conducted transects of the 

dryline in a manner similar to that given by Figure 3.9 roughly between the hours of 19 

UTC and 23 UTC.  Data from several of the instrumented towers positioned in the 

vicinity of the mobile mesonets’ paths provided additional information on dryline 

structure and evolution.  Taken together, these observations demonstrate some dryline 

characteristics on horizontal scales of tens to hundreds of meters.  A map given in Figure 

6.1 shows the path of the mobile mesonet transects and the location of two WTXM 

towers (“RALL” and “WHIT”) and two auxiliary towers (“ECRO” and “EWRL”).  

Additionally, the tower at Spur (“KSPR”) was located approximately 20 km east of 

White River Lake. The main area of data collection and analysis occurred along Texas 

farm-to-market (FM) road 2794, in between the area labeled with vertical bars on the 

map. In this location the mobile mesonets made several passes through the dryline, 

generally traveling due east and west (although not necessarily entirely perpendicular to 

the dryline orientation). The data from the mesonets were collected and used to examine 

the structure and motion of the dryline during this period.   
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Figure 6.1: Close-up of the region of mobile mesonet observations on 6 May 
2002.  The solid blue line represents the path of the mobile 
mesonets. The vertical black lines represents the approximate 
boundaries in between which the dryline transects were performed. 
The yellow dots are WTXM stations and the red triangles are 
auxiliary stations (Refer to Table C.1). 
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6.2       Tower observations 

A time-series plot of the dewpoint temperature from the towers is shown in Figure 

6.2.  From this figure it can be seen that the approximate east to west range of dryline 

motion occurred between these stations from 1700 UTC to 2300 UTC.  The dewpoint 

trace at Ralls (RALL) displayed a very consistent decrease except for the period 2000 

UTC to 2100 UTC when the moisture remained steady – another indication of the 

stepped nature of the advancing dryline.  Fourteen kilometers to the southeast, the 

dewpoint at Crosbyton Airport (ECRO) showed an abrupt drop from 1850 UTC to 1855 

UTC. It is thus presumed that the sharp dryline gradient formed somewhere between 

Ralls and Crosbyton, and topography did not play a significant role in the process since  

 

Figure 6.2: Time-series plots of 5-minute average dewpoint temperature from 
stations in close proximity to the mobile mesonet transects given in 
Figure 6.1.  
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both stations are located on the Caprock.  Subsequent to the passage of the dryline, there 

was an oscillation back through ECRO between 20 UTC and 21 UTC, taking 

approximately 10 minutes for each rise and fall in the dewpoint.  The dryline then 

retreated westward through ECRO around 22 UTC.  At the White River Lake (WHIT) 

WTXM station, the dewpoint showed an initial descent around 1910 UTC that appeared 

to coincide with that seen at ECRO.  However, the dewpoint quickly rose again after only 

20 minutes and then showed only a slow decrease with a slope similar to that exhibited 

by the station at Ralls. Then, at 2135 UTC, there was a sharp drop nearly simultaneously 

to the one at ECRO associated with a dryline advance. The dryline retreated back though 

WHIT around 2130 UTC.  The dewpoint trace from the White River Lake auxiliary 

tower (EWRL) shows a fairly constant moisture level except for several fluctuations of 5º 

C magnitude or less from 2025 UTC to 2135 UTC.  These fluctuations show a high 

degree of correlation with changes in wind direction at the site (not shown), but no 

evidence of similar direction changes were seen in nearby stations. These small waves are 

postulated to be generated by either local topographic effects, as small undulations in 

elevation dominate the landscape around and upstream of the station, or by horizontal 

convective rolls that intersect the dryline and whose descending branches transport 

momentum and shifts in wind direction to the surface that in turn may cause waves or 

even vortices.  In either case, the limitations of this dataset prevent a precise 

determination of the wave origin. At the Spur station (KSPR), there is no indication of a 

dryline passage and only a small downward trend in the dewpoint temperature over the 

five-hour period.   
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6.3       Radar finelines 

Radar data from the Lubbock WSR-88D was also used to track the dryline during 

this period.  The Lubbock radar was operating in volume coverage pattern 32 or “clear-

air” mode.  In this mode the radar completes five elevation scans (0.5°, 1.5°, 2.5°, 3.5°, 

and 4.5°) every 10 minutes.  As the antenna rotates relatively slowly in this mode, it is 

more sensitive to lower power returns. Previous studies (e.g., Hane et al., 2001) have 

shown that this mode is capable of detecting strong mesoscale gradients of moisture such 

as may be present along the dryline. These gradients are recognized by finelines in the 

reflectivity data.  A computer program was used to convert the binary radar data to the 

ESRI shapefile format (Shipley, 2003) and then display the data in ESRI ArcView GIS.  

The resulting map is shown in Figure 6.3. This figure shows two distinct fine-lines that 

both represent moisture gradients.  The western dryline separates air with a dewpoint 

temperature difference of roughly 6 °C (-1 to 5 °C) and the eastern fine-line also shows 

about a 6 °C difference (6 to 12 °C). Toward the southern extent of the domain, the fine-

lines appear to converge north of the POST and MACY stations. The data from these 

stations support the presence of only one boundary. It should be noted that with the 

combined effect of the 0.5° tilt of the radar beam and decreasing elevation, the height 

above ground level of the radar beam increases to the east. Due east from the radar site, 

the western fine-line is roughly 800 m AGL while the eastern fine-line is roughly 1900 m 

AGL.  The mobile mesonet path overlaid on the radar data shows that the data collected 

from the vehicles was representative of the boundary between the moist air to the east of 

the eastern dryline, and the mixing zone between the eastern and western drylines. 
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Figure 6.3: Radar reflectivity at 0.5 degree elevation for Lubbock, TX, on 6 
May 2002 at 2102 UTC.  The solid blue line represents the path of 
the mobile mesonets. The yellow circles are WTXM stations and 
the red triangles are auxiliary stations (Refer to Table C.1). Some 
stations have the dewpoint observation displayed in °C at 21 UTC. 

 The eastern and western finelines are highlighted. 
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6.4       Mobile mesonet observations 

It is difficult to display the mobile mesonet data in a useful form since the 

vehicles travel back and forth across roughly the same path for a significant time. One 

solution to this problem is to apply a time-to-space conversion to the data. This 

conversion translates the high temporal resolution observations (two seconds in this case) 

into the spatial domain, introducing time as a coordinate.  This method has been widely 

applied in studies of mesoscale phenomena (e.g. Markowski, 2002; Skwira, 2003).  

Typically, Taylor’s hypothesis (Stull, 1988) is invoked to estimate the horizontal scale of 

a particular phenomenon based on the assumption that it remained in a quasi-steady state 

throughout its passage across a site or network. Since mesoscale phenomena frequently 

evolve quickly with time, an error of unknown magnitude will be introduced. It follows 

that smaller time windows will have less error in the time-to-space conversion (but also 

less usefulness). Additionally, in this case no specific phenomena were detected within 

the data that would provide an estimate of motion. Thus, the assumption was made that 

any features that did exist would merely be advected along the dryline by the mean 

boundary layer wind vector. An estimation of the mean boundary layer wind was made 

through an examination of surface observations and the 12 and 18 UTC Midland 

soundings. However, even this estimation introduced uncertainty as the mean wind vector 

must vary considerably from west to east through the dryline mixing zone. The vector 

chosen was 180º at 5 ms-1. With these limitations in mind, the time-to-space conversion 

analysis follows. 
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6.5    Thirty-minute time-to-space conversion 

From 2040 UTC to 2110 UTC the mobile mesonets conducted transects along 

FM2794, passing through the dryline 11 times.  Figure 6.3 shows the time-to-space 

conversion for this period.  One of the interesting aspects of this analysis is that it shows 

the dryline mixing zone collapsing as measure by the distance of the cross-dryline 

moisture gradient.  This can be seen in approximately the first half of the displayed 

segment and is concurrent with the dryline exhibiting only a small (approximately 1 km) 

mean eastward translation.  The change in moisture across the dryline remains roughly 

constant at 4 ºC (~7-11 ºC range) but the distance of the large gradient shrinks from 

approximately two kilometers to less than half a kilometer.  A similar collapse in scale 

was observed with mobile mesonet data taken from a dryline by Pietrycha and 

Rasmussen (2004).  The cross-dryline moisture gradient remained compact for about 10 

minutes before the gradient widened considerably as the dryline translated eastward 

about two kilometers.  Wave-like oscillations in the dewpoint can also be seen along the 

dryline.  However artifacts in the analysis may have been introduced by both the lag time 

of the relative humidity sensor (factory response time of the sensor is 90 percent in 15 

seconds) and the contouring routine (Kriging interpolation scheme). Future studies 

should be undertaken to verify the existence and properties of theses waves. 

An analysis of the wind direction shows that a relatively strong easterly component to the 

wind is indicated to the east of the dryline during the period of the tightest gradient. 

Along and west of the dryline, only a small westerly component is observed.   
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Figure 6.4: Objective analysis of the dewpoint temperature (ºC) measured by 
the mobile mesonets in the vicinity of the dryline for the period 
2040 UTC to 2110 UTC on 6 May 2002. Isodrosotherms are 
shaded every 0.5 ºC in the vicinity of the dryline. Observations are 
plotted every 10 seconds. 
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6.6    Eight-minute time-to-space conversion 

A closer examination of the period when the dryline mixing zone collapses is 

shown  in Figure 6.5.  During this eight-minute period, the east-west extent of the 

moisture gradient can be seen to collapse, slightly expand, and then collapse again. 

The strongest moisture gradient observed is approximately 8° C over 200 meters around 

2153 UTC.  Coincident with the increased easterly winds, the dryline appears to translate 

west about 500 meters.  

Operator annotations from this period show no visible evidence of dust devils nor 

cumulus clouds, in contrast to that observed earlier in the day to the west of the Caprock 

Escarpment.  It is theorized that the denser vegetation prevented dust particles from being 

lofted into the air in any circulations. The irregular terrain may also have inhibited the 

development of coherent vortices. Also of note is several instances where “pockets” of 

higher (lower) dewpoints are observed west (east) of the tightest gradient. These are not 

as pronounced as those found in Pietrycha and Rasmussen and do not seem to be 

correlated with marked changes in wind direction.  
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Figure 6.5: Objective analysis of the dewpoint temperature (°C) measured by 
the mobile mesonets in the vicinity of the dryline for the period 
2048 UTC (bottom) to 2056 UTC (top) on 6 May 2002. 
Isodrosotherms are shaded every 0.5 ºC in the vicinity of the 
dryline.  Observations are plotted every 4 seconds, with the 
dewpoint labeled in ºC. 
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CHAPTER 7 

SUMMARY AND CONCLUSIONS 

 

7.1 Summary 

An experiment was designed whereby many meteorological properties of the high 

plains dryline were observed.  Instrumented 10-meter towers of the WTXM, as well as 

several portable towers and two NWS towers were utilized to establish a high resolution 

field network of observing stations.  Data was collected from these stations during April 

and May 2002.  A catalogue of the observations (shown in Appendix B) shows that 

several drylines translated through the experimental domain during this period.  A 

detailed analysis was performed on the data to produce objective fields of parameters 

such as mixing ratio, divergence, advection and others.  The analysis was then divided 

into two major case studies, each consisting of a period of several days where there was a 

nearly continuous oscillation of the dryline within the domain.  Mean and variances were 

computed to explore differences in the parameters between the dryline and the 

surrounding environment, and between advancing and retreating segments of the dryline.  

In some instances, observations of the dryline were also conducted by mobile 

mesonets.  These data provided information at resolutions on the order of 100-1000 

meters.  Cross-dryline profiles of dewpoint, virtual and potential temperature and wind 

were shown from these transects and the results were in general agreement to those found 

by similar mobile mesonet studies (e.g., Pietrycha and Rasmussen, 2004). 
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Three-dimensional mesoscale model simulations were performed on each case. 

Two models were employed, the PSU/NCAR MM5 and the CSU/ATMET RAMS.  Each 

model run was set up in a similar fashion, using a nested grid centered over the field 

experiment domain, initialized from the NECP ETA analysis fields, and used the same 

horizontal and vertical resolution. The forecast model fields were interpolated to the 

gridded observational fields, and compared using statistics such as root mean square error 

and the Kuiper skill score.  

 

7.2 Conclusions 

An analysis of the data shows that six complete dryline cycles (including 

advancing, retreating and stationary segments) were sampled in this experiment. Table 

7.1 presents a summary of these drylines partitioned by segment type.  This compilation 

of dryline data provides insights into the structure and evolution of the quiescent dryline 

that are only available through the utilization of a mesoscale observation network for 

dryline investigations.  The approximately 30 kilometer spacing of the mesonetwork is 

less than half of the median 78 kilometer spacing of the NWS surface observing network 

(Morris and Janish, 1996).  This spacing allowed for the identification of dryline 

properties such as orientation, translation speed, acceleration/ deceleration, and quasi-

stationary oscillations that would likely not be apparent in coarser resolution data.   

Perhaps most importantly, the results demonstrate that the quiescent dryline can be 

accurately and objectively identified and tracked by the algorithm described in Appendix 

F. The following sections highlight the significant findings from the analysis. 

 159



Table 7.1:  Summary of dryline motion observed within the domain and the 
subjectively analyzed average cross-dryline moisture gradient (QS 
– quasi-stationary). Some segments do not incorporate the entire 
range of dryline motion because the dryline passed outside of the 
domain. 

 

Dryline 
 Segment  

Motion  
type 

Starting  
time 

Ending  
time 

# of 
hours 

Mixing ratio 
gradient  

 (g kg-1  100 km-1) 
1 Advancing 16 UTC / 11 CDT 19 UTC / 14 CDT 3 4 

2 Retreating 04 UTC / 23 CDT 10 UTC / 05 CDT 6 5 

3 QS 10 UTC / 05 CDT 14 UTC / 09 CDT 4 9 

4 Advancing 14 UTC / 09 CDT 18 UTC / 13 CDT 4 4 

5 Retreating 11 UTC / 06 CDT 16 UTC / 11 CDT 5 8 

6 QS 16 UTC / 11 CDT 19 UTC / 14 CDT 3 9 

7 Advancing 19 UTC / 14 CDT 22 UTC / 17 CDT 3 7 

8 QS 22 UTC / 17 CDT 01 UTC / 20 CDT 3 8 

9 Retreating 01 UTC / 20 CDT 08 UTC / 03 CDT 3 8 

10 QS 08 UTC / 03 CDT 14 UTC / 09 CDT 6 9 

11 Advancing 14 UTC / 09 CDT 19 UTC / 14 CDT 5 9 

12 QS 19 UTC / 14 CDT 21 UTC / 16 CDT 2 8 

13 Retreating 21 UTC / 16 CDT 06 UTC / 01 CDT 9 8 

14 Advancing 15 UTC / 10 CDT 21 UTC / 16 CDT 6 10 

15 QS 21 UTC / 16 CDT 23 UTC / 18 CDT 2 10 

16 Retreating 23 UTC / 18 CDT 09 UTC / 04 CDT 10 9 

17 QS 09 UTC / 04 CDT 17 UTC / 12 CDT 8 11 

18 Advancing 17 UTC / 12 CDT 23 UTC / 18 CDT 5 10 

19 Retreating 01 UTC / 20 CDT 10 UTC /  05 CDT 9 11 
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7.2.1 Case study results 

Some results of the analyses that lend potentially greater understanding of the 

structure of the quiescent dryline include: 

1. The dryline can be accurately and objectively identified by a combination of a 

range of values of the mixing ratio along with a diagnosis of the moisture 

gradient and advection. This dryline zone is by definition two to three grid 

points (20-30 km) in the east-west (or northwest to southeast in the case of the 

retreating dryline) direction; 

2. The region associated with the identified dryline zone exhibits significantly 

greater mean values of moisture and mass convergence, moisture advection, and 

moisture gradient than the surrounding environment. The coefficients of 

variation of the variables also support the distinction of the dryline zone as they 

are significantly lower than those of the surrounding environment; 

3. Several properties of the retreating dryline differ consistently and significantly 

from the advancing dryline segments. Moisture convergence was two to three 

times greater and moisture advection was approximately 1.6 times greater when 

associated with the retreating dryline. As repeatedly seen in the five-minute 

time series plots of dewpoint temperature and winds, the retreating dryline is 

characterized by more rapid moisture and wind direction changes at the surface 

than the advancing dryline.  The values of mass convergence and the moisture 

gradient were roughly similar.  Thunderstorm climatology shows that the larger 

values of moisture convergence and advection in association with the retreating 
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dryline do not relate to relatively more convective development than with the 

advancing dryline. Two reasons are postulated for this characteristic. First, as 

noted in Parsons et al (2000), the vertical slope of the retreating dryline is 

smaller than that of the advancing dryline. Thus it has smaller vertical motions 

at the dryline interface. Deep lifting of moist air is considered a necessary 

condition for convective development in the dryline environment. Secondly, the 

development of the nocturnal inversion can produce a stronger “cap” to 

potential convective development than was present during the day. Together, 

these two effects are usually sufficient to prevent lifted air parcels from 

reaching the LFC; 

4. The data documents the distinct differences in the air mass properties on each 

side of the dryline, particularly in terms of moisture. The difference in 

dewpoint/mixing ratio was often 15 to 20 ºC /4 to 9g kg-1 and sometimes as 

large as 28 ºC /13 g kg-1; 

5. In the two cases examined, the quiescent drylines were determined to have 

similar values of the properties listed in #2.  Minor differences in the observed 

fields and differences in dryline evolution are postulated to occur through 

interaction with the synoptic-scale mass and moisture fields;  

6. The evolution of the drylines occurred in a similar fashion in all cycles/cases.  

The dryline generally moved eastward during the late morning, sometimes in 

discrete steps. Convergence along the advancing dryline was not large, due in 

part to a lack of wind confluence along the dryline. As the dryline moved into 
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the eastern half of the domain, it usually decelerated and often became quasi-

stationary during the late afternoon.  This deceleration is attributed to the 

cumulative effect of the deeper moisture profile to the east and the isallobaric 

response of the wind field to the diurnal trend of lowering surface pressure over 

the higher terrain to the west. Moisture convergence along the dryline typically 

increases during this period.  Near (but always before) the time of local sunset, 

the dryline retreats westward.  The retreat shows a more consistent nature with 

respect to speed and moisture gradient than is shown with the advancing 

dryline. Table 7.1 highlights the temporal details of the observed dryline motion 

and examination reveals  significant variety in the individual segments; 

7. A graph of each dryline segment summarized in Table 7.1 reveals several 

important characteristics of each segment (Figure 7.1).  The graph shows that 

the advancing segments are generally of shorter duration than retreating 

segments (6.8 hours versus 8.67 hours on average). Quasi-stationary segments 

show the most variation in duration. Quasi-stationary segments in the morning 

are generally longer than those in the afternoon. The fact that the first two 

advancing drylines in Case One went farther east than the others may be related 

to a greater westerly wind component at 850 hPa as evidenced by the 12 UTC 

Midland soundings (refer to Figures 4.1b and 4.2b). It is noted that the precise 

evolution of several advancing cases are incomplete due to the diurnal 

oscillation carrying the dryline beyond the study area (specifically, segments 

“A1”, “A4”, and “A18”), thus their total duration was estimated. 
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Figure 7.1: Graph of the duration of dryline segments in relation to local time 
of day (CDT equals UTC minus five hours). The shaded region 
represents the nighttime hours. Approximate average sunrise and 
sunset times for both cases are 7:00 a.m. CDT and 8:30 p.m. CDT 
respectively.  The advancing dryline segment is indicated by the 
red line with crosses. The retreating segment is indicated by a blue 
line with circles. The quasi-stationary segment is indicated by a 
plain black line.  The “A”, “R”, and “S” refer to advancing, 
retreating, and quasi-stationary segments respectively. Please refer 
to Table 7.1 for more information on each segment. 

 

 164



8. The mesoscale analysis highlights the existence of discontinuous, multiple steps 

of moisture decrease in conjunction with the advancing dryline. This 

corroborates previous research such as Hane (2003) and Weiss et al. (2004);  

9. In general terms this work lent a degree of validation of current conceptual 

models of the dryline.  The mechanisms for dryline propagation, widely 

attributed to vertical turbulent mixing for the advancing dryline and a 

combination of rapid stabilization of the boundary layer west of the dryline after 

the loss of insolation and the westward component of wind along and east of the 

dryline associated with the low-level jet, are both at least partially corroborated 

by the behavior shown by drylines in this experiment; 

10. Mobile mesonet observations documented cross-dryline gradients of moisture 

on the order of 8 ºC/200 meters.  The results compare favorably with the 

maximum gradient observed by Pietrycha and Rasmussen (2004) of 10 ºC/185 

meters. Little evidence of a virtual temperature gradient was found.  High 

frequency (5- to 10-minute) oscillations were evident in the data, however no 

attempt was made to discover the qualities or mechanisms for these oscillations. 

 

7.2.2 Model results 

1. Initial model fields, created by interpolating the ETA model analysis, accurately 

reflected the state of the atmosphere at the beginning of the simulations; 

2. The accuracy of both the MM5 and RAMS forecast positions of the dryline 

decreased considerably after the first 12-18 hours; 

 165



3. The MM5 model, while failing to predict the precise temporal evolution of the 

dryline, was successful in predicting the trend of the dryline oscillation through 

the domain more accurately than the RAMS model. In both cases, the MM5 

mixed the second dryline cycle eastward too quickly during the late morning 

hours.  The MM5 also stopped the eastward advance and started the westward 

retreat in the evening too quickly.  In case study one, the MM5 did not 

accurately portray the extent of the westward retreat of the dryline while in case 

two, the MM5 brought the retreating dryline back too far west; 

4. In case one, the MM5 underforecast the magnitude of the moisture return 

associated with the retreating dryline by 2-5 g kg-1.  In case two, the difference 

between the model forecast and observations where negligible; 

5. In both case studies, the RAMS model significantly overforecast the eastward 

displacement of the advancing dryline and underforecast the strength and 

duration of the moisture return associated with the retreating dryline;   

6. Comparisons of potential temperature showed that the RAMS did not predict 

the evening northwest to southeast temperature gradient manifested in the 

observations.  Since the uneven heating reflected by this gradient causes an 

isallobaric wind that plays an important role in retarding the eastward 

progression of the dryline, this deficiency partially explains why the RAMS 

poorly simulated the dryline’s retreat. The MM5 more accurately depicts the 

temperature gradient but in case two is too cool at 0 UTC. This inaccuracy 

 166



coincided with an overestimate of the amount of surface moisture across the 

domain.  

7. Model predictions of station pressure were compared with the observations and 

showed a distinct tendency to exaggerate the pressure gradient along the 

Caprock Escarpment. This is most likely due to the utilization of terrain-

following vertical coordinates in the simulations that introduce inaccuracies in 

the vicinity of large elevation gradients. Increasing the vertical resolution in the 

lowest model levels may help to mitigate this error; 

8. In case study two, in which the environment was characterized by having 

greater low-level moisture, both models showed slightly more skill with the 

dryline forecast than with the first case.  Atmospheric wind profile differences 

obviously existed in each case, which are hypothesized to have a large influence 

on the forecasted dryline motion; 

9. Some of the procedures used in this study to compare mesoscale model 

forecasts with real world observations may prove useful in future studies.  In 

particular, the establishment of a matching observation and model objective 

analysis field allows for direct comparison of a wide variety of meteorological 

parameters and derived fields.  

 

7.3 Recommendations 

This work has resulted in the establishment of some benchmark values for certain 

meteorological parameters associated with drylines at this scale. Since the WTXM is 
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almost certainly to be utilized for future dryline studies, comparisons with these results 

may be of benefit. Future studies may also benefit from the following specific 

recommendations: 

1. A primary deficiency of this dataset is the lack of data above the 10-meter AGL 

level outside of model output and the upper-air observations at Amarillo and 

Midland.  This deficiency effectively limited the analysis of the dryline to within 

(or close to) the surface layer, without examining potentially important variations 

in dryline structure that occur as the boundary layer evolves between the stable 

nocturnal boundary layer and the daytime convectively mixed layer.  A sequence 

of meteorological soundings as well as Doppler radar, lidar and other remote 

sensing technologies may be utilized during dryline passage to investigate the 

differences in vertical structure between the advancing and retreating drylines; 

2. A mesoscale climatology of the dryline, partitioned into active and quiescent 

events, using the five minute observations from the West Texas Mesonet should 

be undertaken; 

3. Many of the results obtained for the quiescent dryline are not expected to hold 

true for the synoptically-active dryline. A companion study to investigate  

comparative statistics for the active dryline is suggested; 

4. An examination of the relative vorticity field would be useful to investigate areas 

of upward motion along the dryline and the link to convective development; 

5. A dense network of observing stations with high temporal resolution may be used 

to conduct research on the properties of along-dryline waves.  Additionally, the 
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Richter and Hane (2004) hypothesis that the downdraft portion of horizontal 

convective rolls intersecting the dryline may be the source of dryline waves 

should be investigated. 

6. A dense array of stations, positioned along a Caprock Escarpment, may help to 

understand the role this topographic feature plays in dryline evolution. 

7. Given the hypothesis that discontinuous dryline steps are related to differences in 

surface heating, an experiment may be designed to relate surface fluxes to mixed 

layer growth. 

8. This study suggests that increased horizontal resolution of a model is not 

sufficient to increase the accuracy of dryline forecasts. An experiment might be 

designed to investigate how the forecast skill varies with horizontal resolution.   

9. There is a wide array of options in configuration of numerical simulations that can 

be used in conjunction with dryline investigations. These can be divided into three 

main areas: land-air interaction, model resolution, and model physics.  

Land-air interactions include: soil models, land-surface models, 

topography resolution, land-use, vegetation types and moisture. One might also 

include parameterizations of the surface and boundary layers, such as albedo, 

aerodynamic roughness length and surface fluxes.  This study used simple land-

air schemes and high-resolution topography in the inner grid.  Certainly, more 

sophisticated land-air schemes might have a strong influence on forecast dryline 

evolution. 

 169



While this study used high horizontal resolution, it used a typical vertical 

resolution. The settings for both models roughly corresponded to a 10 hPa 

resolution in the boundary layer, decreasing to near 50 hPa at higher altitudes.  

Both the RAMS and the MM5 are capable of higher vertical resolution.  Higher 

resolution, particularly close to the surface, should provide better results. 

There are many different options for model physics, ranging from PBL 

and radiation schemes to precipitation physics and cumulus parameterization 

schemes.  Evaluating the merits of any combination of options was beyond the 

scope of this work and certainly a prospective avenue for future study. 

Finally, future modeling work should also concentrate on the potential of 

observation nudging using the WTXM. Both models have the capability to 

perform four-dimensional data assimilation (FDDA).  Chang and Conder (2004) 

conducted FDDA experiments using the MM5 and WTXM data. Their 

preliminary results showed little impact on the mass and moisture forecast fields, 

but further studies are encouraged. 
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APPENDIX A: 

LISTING OF DRYLINE DAYS 

 

 
Table A.1: List of dryline days identified by the algorithm used in Chapter II. 
 

21 March 1975  03 March 1976 20 May 1977  24 June 1978
23 March 1975  04 March 1976 21 May 1977  25 June 1978
27 March 1975  12 March 1976 22 May 1977  26 June 1978
28 March 1975  20 March 1976 23 May 1977  18 March 1979

18 April 1975  25 March 1976 25 May 1977  20 March 1979
22 April 1975  26 March 1976 26 May 1977  29 March 1979
23 April 1975  29 March 1976 27 May 1977  08 April 1979
24 April 1975  14 April 1976 28 May 1977  10 April 1979
25 April 1975  17 April 1976 29 May 1977  19 April 1979
26 April 1975  19 April 1976 30 May 1977  25 April 1979
27 April 1975  23 April 1976 31 May 1977  01 May 1979
29 April 1975  24 April 1976 14 June 1977  02 May 1979
02 May 1975  27 April 1976 18 June 1977  03 May 1979
03 May 1975  28 April 1976 19 June 1977  08 May 1979
04 May 1975  23 May 1976 20 June 1977  09 May 1979
05 May 1975  24 May 1976 03 April 1978  10 May 1979
06 May 1975  25 May 1976 04 April 1978  21 May 1979
10 May 1975  29 May 1976 05 April 1978  19 June 1979
21 May 1975  30 May 1976 06 April 1978  20 June 1979
22 May 1975  31 May 1976 09 April 1978  23 June 1979
23 May 1975  11 June 1976 16 April 1978  16 March 1980
24 May 1975  12 June 1976 17 April 1978  23 March 1980
25 May 1975  13 June 1976 18 April 1978  02 April 1980
26 May 1975  15 June 1976 23 April 1978  07 April 1980
28 May 1975  18 June 1976 29 April 1978  08 April 1980
29 May 1975  19 March 1977 30 April 1978  11 April 1980
05 June 1975  30 March 1977 01 May 1978  25 April 1980
06 June 1975  02 May 1977 27 May 1978  10 May 1980
07 June 1975  03 May 1977 28 May 1978  11 May 1980
16 June 1975  04 May 1977 05 June 1978  12 May 1980
17 June 1975  07 May 1977 06 June 1978  13 May 1980
18 June 1975  08 May 1977 12 June 1978  24 May 1980
19 June 1975  14 May 1977 16 June 1978  25 May 1980
20 June 1975  15 May 1977 17 June 1978  26 May 1980
21 June 1975  16 May 1977 18 June 1978  27 May 1980
22 June 1975  17 May 1977 20 June 1978  28 May 1980
26 June 1975  18 May 1977 22 June 1978  29 May 1980
27 June 1975  19 May 1977 23 June 1978  30 May 1980
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Table A.1: Continued 
 

31 May 1980  21 June 1981  25 June 1982  27 April 1984
01 June 1980  22 June 1981  26 June 1982  30 April 1984
02 June 1980  23 June 1981  03 March 1983  02 May 1984
03 June 1980  17 March 1982  01 April 1983  03 May 1984
04 June 1980  18 March 1982  13 April 1983  13 May 1984
05 June 1980  19 March 1982  21 April 1983  07 June 1984
06 June 1980  20 March 1982  22 April 1983  08 June 1984
07 June 1980  02 April 1982  27 April 1983  09 June 1984
12 June 1980  05 April 1982  28 April 1983  10 June 1984
13 June 1980  14 April 1982  29 April 1983  11 June 1984
14 June 1980  15 April 1982  30 April 1983  12 June 1984
16 June 1980  16 April 1982  01 May 1983  03 March 1985
17 June 1980  19 April 1982  02 May 1983  08 March 1985
18 June 1980  10 May 1982  07 May 1983  27 March 1985
23 June 1980  11 May 1982  11 May 1983  05 April 1985

28 March 1981  12 May 1982  12 May 1983  19 April 1985
03 April 1981  13 May 1982  13 May 1983  20 April 1985
04 April 1981  16 May 1982  14 May 1983  21 April 1985
09 April 1981  17 May 1982  18 May 1983  22 April 1985
10 April 1981  19 May 1982  20 May 1983  23 April 1985
11 April 1981  20 May 1982  21 May 1983  29 April 1985
12 April 1981  21 May 1982  03 June 1983  08 May 1985
13 April 1981  26 May 1982  04 June 1983  10 May 1985
07 May 1981  27 May 1982  06 June 1983  11 May 1985
09 May 1981  30 May 1982  10 June 1983  12 May 1985
13 May 1981  31 May 1982  11 June 1983  13 May 1985
16 May 1981  02 June 1982  12 June 1983  14 May 1985
17 May 1981  03 June 1982  13 June 1983  28 May 1985
18 May 1981  04 June 1982  14 June 1983  29 May 1985
22 May 1981  05 June 1982  18 June 1983  30 May 1985
23 May 1981  06 June 1982  20 June 1983  02 June 1985
26 May 1981  07 June 1982  27 June 1983  03 June 1985
27 May 1981  08 June 1982  30 June 1983  04 June 1985
28 May 1981  09 June 1982  15 March 1984  05 June 1985
09 June 1981  10 June 1982  17 March 1984  03 April 1986
10 June 1981  12 June 1982  18 March 1984  04 April 1986
13 June 1981  13 June 1982  20 April 1984  05 April 1986
14 June 1981  15 June 1982  21 April 1984  06 April 1986
19 June 1981  18 June 1982  25 April 1984  07 April 1986
20 June 1981  19 June 1982  26 April 1984  08 April 1986

16 March 1982  27 June 1982  29 April 1984  12 April 1986
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Table A.1:  Continued 
 

13 April 1986  19 March 1988  23 May 1989  20 May 1990
14 April 1986  24 March 1988  24 May 1989  21 May 1990
17 April 1986  29 March 1988  25 May 1989  25 May 1990
18 April 1986  01 April 1988  26 May 1989  26 May 1990
19 April 1986  05 April 1988  02 June 1989  27 May 1990
26 April 1986  22 April 1988  03 June 1989  29 May 1990
27 April 1986  23 April 1988  04 June 1989  30 May 1990
05 May 1986  02 May 1988  06 June 1989  31 May 1990
06 May 1986  03 May 1988  07 June 1989  01 June 1990
07 May 1986  07 May 1988  09 June 1989  02 June 1990
08 May 1986  08 May 1988  10 June 1989  03 June 1990
09 May 1986  09 May 1988  11 June 1989  07 June 1990
10 May 1986  16 May 1988  12 June 1989  14 June 1990
11 May 1986  29 May 1988  13 June 1989  15 June 1990
13 May 1986  30 May 1988  25 June 1989  16 June 1990
14 May 1986  31 May 1988  26 June 1989  17 June 1990
15 May 1986  01 June 1988  27 June 1989  21 March 1991
16 May 1986  02 June 1988  28 June 1989  22 March 1991
17 May 1986  04 March 1989  06 March 1990  26 March 1991
23 May 1986  27 March 1989  07 March 1990  27 March 1991
09 June 1986  03 April 1989  08 March 1990  11 April 1991
10 June 1986  04 April 1989  12 March 1990  12 April 1991
22 June 1986  17 April 1989  13 March 1990  13 April 1991

21 March 1987  18 April 1989  14 March 1990  14 April 1991
13 April 1987  25 April 1989  05 April 1990  17 April 1991
25 May 1987  26 April 1989  10 April 1990  18 April 1991
26 May 1987  27 April 1989  14 April 1990  22 April 1991
27 May 1987  28 April 1989  16 April 1990  24 April 1991
28 May 1987  29 April 1989  17 April 1990  25 April 1991
29 May 1987  03 May 1989  23 April 1990  26 April 1991
30 May 1987  04 May 1989  24 April 1990  27 April 1991
17 June 1987  06 May 1989  25 April 1990  28 April 1991
18 June 1987  12 May 1989  29 April 1990  29 April 1991
19 June 1987  13 May 1989  09 May 1990  02 May 1991
20 June 1987  14 May 1989  11 May 1990  03 May 1991
21 June 1987  15 May 1989  12 May 1990  04 May 1991
22 June 1987  16 May 1989  14 May 1990  08 May 1991
23 June 1987  17 May 1989  15 May 1990  10 May 1991
24 June 1987  20 May 1989  16 May 1990  11 May 1991

12 March 1988  22 May 1989  19 May 1990  13 May 1991
02 March 1988  21 May 1989  18 May 1990  12 May 1991
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Table A.1:  Continued 
 

15 May 1991  04 May 1993  23 March 1995  21 April 1996
16 May 1991  05 May 1993  25 March 1995  22 April 1996
17 May 1991  06 May 1993  26 March 1995  28 April 1996
19 May 1991  07 May 1993  08 April 1995  03 May 1996
23 May 1991  08 May 1993  10 April 1995  04 May 1996
28 May 1991  09 May 1993  15 April 1995  05 May 1996
29 May 1991  04 June 1993  16 April 1995  08 May 1996
30 May 1991  05 June 1993  17 April 1995  09 May 1996
31 May 1991  06 June 1993  18 April 1995  10 May 1996
01 June 1991  07 June 1993  20 April 1995  14 May 1996
02 June 1991  08 June 1993  29 April 1995  15 May 1996
03 June 1991  09 June 1993  01 May 1995  16 May 1996
04 June 1991  19 June 1993  04 May 1995  17 May 1996
05 June 1991  24 June 1993  06 May 1995  19 May 1996
06 June 1991  26 June 1993  07 May 1995  20 May 1996
17 June 1991  06 March 1994  12 May 1995  21 May 1996
18 June 1991  07 March 1994  13 May 1995  22 May 1996
19 June 1991  24 March 1994  14 May 1995  23 May 1996
20 June 1991  05 April 1994  16 May 1995  24 May 1996
21 June 1991  09 April 1994  17 May 1995  25 May 1996
22 June 1991  10 April 1994  18 May 1995  26 May 1996
23 June 1991  11 April 1994  22 May 1995  27 May 1996
24 June 1991  14 April 1994  23 May 1995  28 May 1996

08 March 1992  15 April 1994  24 May 1995  29 May 1996
09 April 1992  25 April 1994  25 May 1995  30 May 1996
11 April 1992  26 April 1994  27 May 1995  31 May 1996
16 April 1992  27 April 1994  31 May 1995  01 June 1996
01 May 1992  03 May 1994  01 June 1995  19 June 1996
10 June 1992  04 May 1994  02 June 1995  24 June 1996
13 June 1992  07 May 1994  03 June 1995  10 April 1997
14 June 1992  10 May 1994  04 June 1995  11 April 1997
15 June 1992  14 May 1994  05 June 1995  01 May 1997
16 June 1992  07 June 1994  06 June 1995  02 May 1997
17 June 1992  08 June 1994  07 June 1995  27 May 1997
19 June 1992  09 June 1994  08 June 1995  30 May 1997
28 June 1992  10 June 1994  09 June 1995  02 June 1997
30 June 1992  15 June 1994  10 June 1995  03 June 1997

29 March 1993  16 June 1994  06 March 1996  21 June 1997
07 April 1993  17 June 1994  12 April 1996  22 June 1997
12 April 1993  27 June 1994  14 April 1996  24 June 1997
13 April 1993  22 March 1995  19 April 1996  25 June 1997
24 April 1993    
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APPENDIX B: 
 

SUMMARY OF COLLECTED DATA 

 
Table B.1:  Chart of experiment data availability by day. 
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Table B.1: Continued. 
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TABLE KEY: 

 
“X”  – At least partial data 

         available 
 
“-“  –  No data available 

– Advancing and/or 
 retreating dryline 

“trndo”– Tornado 
 
“oscill. – Special case where 
@ REE”     the dryline oscillated 

 about the Reese  
 Center mesonet site 

 
“#” –

 Numbe
r of mobile



APPENDIX C: 
 

SUMMARY OF OBSERVING STATIONS 

 

 
Table C.1:  Chart of observation stations used in the experiment. 
 
Abbrev. Name Lat. Lon. Elevation (m) 

West Texas Mesonet stations 
ABER Abernathy 33.88 -101.76 1015.90 
AMHE Amherst 34.02 -102.40 1111.60 
ANTO Anton 33.73 -102.19 1037.84 
BROW Brownfield 33.15 -102.27 1010.10 
DIMM Dimmitt 34.57 -102.29 1181.40 
FLOY Floydada 34.00 -101.33 969.00 
FRIO Friona 34.65 -102.69 1221.90 
GAIL Gail 32.76 -101.41 777.90 
HART Hart 34.42 -102.11 1125.90 
LAMS Lamesa 32.71 -101.94 901.00 
LEVE Levelland 33.53 -102.36 1065.60 
MACY Graham 33.08 -101.52 869.00 
MALL Sundown (Mallet Ranch) 33.39 -102.61 1104.90 
MORT Morton 33.73 -102.74 1144.20 
MULE Muleshoe 34.21 -102.74 1160.10 
ODON O'Donnell 32.99 -101.83 930.90 
OLTO Olton 34.09 -102.12 1086.90 
PLAI Plains 33.23 -102.84 1131.10 
PLVW Plainview 34.18 -101.71 1015.30 
POST Post 33.17 -101.39 798.00 
RALL Ralls 33.67 -101.38 944.00 
REES Reese Center 33.61 -102.05 1020.20 
ROAR Roaring Springs 33.94 -100.85 797.10 
SEAG Seagraves 32.94 -102.57 1024.10 
SEMI Seminole 32.74 -102.64 1009.80 
SILV Silverton 34.47 -101.27 976.00 
SLAT Slaton 33.46 -101.62 925.10 
TAHO Tahoka 33.21 -101.78 946.10 
TULI Tulia 34.54 -101.74 1060.10 
WHIT White River Lake 33.53 -101.17 824.20 
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Table C.1: Continued. 
 

Abbrev. Name Lat. Lon. Elevation (m) 

Auxiliary Towers (The * designates an anemometer height of three meters.) 

EWRL Whie River Lake 33.46 -101.09 700.13 
EMAC Macy Ranch Southeast 33.06 -101.50 780.29 
ECRO Crosbyton * 33.62 -101.24 879.96 
ETAC Town and Country Airport * 33.48 -101.81 930.55 
EWIL Wilson 33.32 -101.73 935.74 

National Weather Service Automated Surface Observing System (ASOS) and 
Experimental station 
KLBB Lubbock International Airport 33.65 -101.82 988.00 
KSPR Spur 33.48 -100.88 697.04 
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APPENDIX D: 
 

COMPARISON OF TOWER SPECIFICATIONS 

 

 
Table D.1:  West Texas Mesonet and portable tower specifications. 
 

Sensor Type Model Height Error Resolution 
Wind 

Direction 
R.M. Young 

D05103 
10 m (Two 

at 3 m) 
<3º (dependent 

on angle) 1º 

Wind Speed R. M. Young 
D05103 

10 m (Two 
at 3 m) 

2% of measured 
speed 0.01 m s-1

Temperature Vaisala 
HMP45C 1.5 m 0.3 ºC 0.1 ºC 

Humidity Vaisala 
HMP45C 1.5 m 3% RH 1% 

Pressure Vaisala  
PTB220B 1.0 m 0.25 mb 0.04 mb 

     
“Fast response” 

temperature added 
on 5 portable 

towers 

Campbell 
Scientific CS107 1.5 m 0.4 ºC 0.1 ºC 

Pressure (on the 
two 3-m towers) Vaisala CS105 0.5 m 2.0 mb 0.1 mb 

 
 

Table D.2:  ASOS specifications. 
 

Sensor Type Model Height Error Resolution 
Wind 

Direction 
Belfort 2000 
Wind vane 10 m 5º 1º 

Wind Speed Belfort 2000 3-
cup anemometer 10 m 2.0 kt or 5% of 

measured speed 1.0 kt 

Temperature Resistive Temp. 
Device (RTD) 1.5 m 1.8 ºF 0.1 ºF 

Humidity Chilled Mirror 1.5 m 2.0 ºF dewpoint 0.1 ºF 

Pressure Redundant 
Aneroid Cellular 1.5 m 0.02 inches Hg 0.0003 

inches Hg 
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APPENDIX E: 

MOBILE MESONET SPECIFICATIONS 

Four mobile mesonet platforms were constructed using the NSSL mobile 

mesonets as a guide.  Schematics of the instrument systems were provided by NSSL to 

this end.  However, due to a variety of factors, many of the systems were altered during 

the construction of the TTU mesonets, some only slightly and others a great deal.  This 

appendix is provided for those who may use the TTU mobile mesonets in the future, or 

those who desire a guide to construct similar systems. 

 Each mobile mesonet platform includes a data logger, meteorological sensors, a 

GPS receiver, and a flux-gate compass. System power is provided by either the vehicle’s 

battery charging system or a  12-V backup battery. All the data stored in the data logger 

is transferred to a laptop computer using serial communication. Figure E.1 and Table E.1 

provide an overview of the instrument systems.  The majority of these are mounted on an 

aluminum mast that was manufactured by a private company. 

 
Figure E.1:   Picture of the mobile mesonet instrument rack with labels for 

individual parts.   
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Table E.1:  Listing of mobile mesonet instrumentation referenced from Figure 
E.1. 

 

 Instrument Model Output Signal Resolution Error 
1 

Propeller Vane RM Young Wind 
Monitor 05103 

Wind speed and 
direction 

0-1 V speed 
0-1 V dir. 

0.03 m s-1 
speed 
0.05° dir. 

2%-4% 
speed 
3°-6° dir. 

2 Electronic 
Compass1

RM Young 
Compass  32500 

Vehicle orientation in 
degrees 0-5 V 0.5° ±2° RMS 

2 Electronic 
Compass1 KVH C100 Vehicle orientation in 

degrees 
0-5 V or  
RS-232 0.1° ±0.5° RMS 

3 GPS antenna 
(in plastic 
housing) 

Motorola ANT97-
PGS 24 dB BNC-
6 

    

4 Cell Phone and 
Radio antenna      

5 Datalogger and 
instrument 
enclosure 

Hoffman  
A-1214CHAL 

This is a watertight compartment that houses the datalogger, Vaisala 
pressure sensor, GPS receiver, and 12-volt battery listed below. 

5a Datalogger Campbell Sci. 
CR23X   ±5 V Analog 

channels 0.25-0.50 mV  

5b 
Pressure 
sensor2

Campbell Sci. 
CS105 
(Vaisala 
PTB101B) 

Barometric pressure 
in mB 0-2.5 V 0.01 mB ±0.5 mB 

5b Pressure 
sensor2  Vaisala PTB220B Barometric pressure 

in mB 0-5 V 0.04 mB ±0.25 mB 

5c 
GPS receiver 

Motorola 
ONCORE 
8-channel receiver 

Vehicle heading in 
degrees true.  Vehicle 
speed in m s-1

RS-232 
0.01 m s-1 
speed 
1° dir. 

Vechicle 
must be 
moving 

5d 12V battery3 Panasonic LC-
R127R2P     

       
6a Temperature/ 

relative 
humidity 
sensor 

Vaisala HMP45A Temp in °C 
RH in % 0-1.0 V 0.01 °C 

0.1 % RH 

0.03 °C 
2 % RH 
 

6b Fast response 
temperature 
sensor4

Campbell Sci. 
thermistor 
107-L5 special 

Temp in °C 0-2.0 V 0.01°C ± 0.1°C 

7a Pressure port RM Young 61002     
7b Hail shield5 6” Aluminum circle  
8 Car top mounts Yakima Qtowers  and Qclips  
9 Electric Fan 

(5VDC) 
Radio Shack 
6250  

The fan runs continuously and pulls air through the PVC pipe, thus 
aspirating the temperature/RH sensors. 

10 PVC Housing 
to protect 
Temp/RH 
sensors 

The PVC housing protects the temperature/RH instruments from direct exposure to water, dirt 
and sunlight while allowing in-situ measurements to be taken. 

Additional Items Inside Vehicle 
 Laptop 

Computer KDS 5340AS (AMD_400MHz) laptop 

 HF Radio Icom IC-F320S 45 W, 4-channel    
 Power Inverter Tripp-Lite PV-140     
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Notes to Table 1: 
 

1. The R. M. Young compass suffered from calibration and performance problems 
and was replaced with the KVH compass in spring of 2002. The KVH compass, 
although more accurate, also had calibration issues that were not resolved during 
the experiment.   

 
2. The original pressure sensor (Vaisala PTB101B) was not designed for high-

resolution sampling or severe operating conditions. The replacement Vaisala 
PTB220B was a significant upgrade. 

 
3. The 12-volt battery was used as a backup to powering the equipment from the 

vehicle’s battery system. The backup battery can provide adequate power for 
approximately 8 hours. It was almost impossible to recharge them in the field so 
several are usually carried during operations. 

 
4. The fast response temperature sensor (CSI 107-L5) was affected by RF 

interference. The interference produced significant spikes in the data signal 
measured by the datalogger. The data was not considered indispensable for this 
experiment and thus was not used. 

 
5. The hail shield is an aluminum cylinder with a diameter of six inches and a 

thickness of one-quarter inch.   It was designed to protect the plastic pressure port 
from damage caused by falling hail. There was a concern that the shield would 
alter the air flow around the pressure port and cause a dynamic pressure response. 
Subsequent testing in the fall of 2001 showed that it had no discernable effect on 
the pressure readings.  However, due to the low probability that the shield would 
prove useful during the experiment it was removed in the spring of 2002. 

 
 
The mast was constructed to NSSL specifications to limit the effects of the moving 

vehicle on measurements of wind and pressure. An aspirated weather shield (part number 

6) was constructed to contain the temperature and humidity sensors. Other systems are 

located inside the vehicle.  A wiring diagram is shown in Figure E.2. This diagram can 

only be considered as a rough guide, as the wiring was often changed to accommodate 

different systems and instruments as well as for testing and evaluation purposes.   
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Figure E.2:   A schematic diagram of the mobile mesonet data 

acquisition system. 
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APPENDIX F: 
 

DRYLINE DIAGNOSTIC ALGORITHM 

 

 One of the objectives of the data analysis was to establish an algorithm that would 

define a dryline zone and identify it from the gridded data.  In order to compare the 

differences between the advancing and retreating drylines, it was essential that the 

algorithm demonstrate ability to distinguish between the two.  Due to the lack of any 

existing standards beyond those listed in Table 2.1, a subjective analysis of the data was 

performed to produce criteria that fit the data.  Following the procedures from section 

3.7, gridded data sets of mixing ratio, moisture and mass convergence, moisture 

advection and the moisture gradients were calculated for every 10 minutes of the 

observed data.  By examining various statistics from the compilation of these grids, a 

methodology was created that showed some skill in repeatedly producing the desired 

results. However, no methodology was found that could be considered completely 

accurate. And this gives rise to a degree of uncertainty in the results.  Figure F.1 shows 

the dryline algorithm used for this study. Figure F.2 may be useful in interpreting the 

algorithm in Table F. 1.  In computing the algorithm, the grid points that made up the 

outside border were not included as prospective dryline grid points, leaving 441 (21 by 

21) grid points that were eligible for each ten minute period.  Grid points that were 

identified as dryline points were used to compare the position of the observed dryline to 

the model simulated dryline. Additionally, the dryline grid point was flagged as 

“advancing” or “retreating” using the sign of the moisture advection term in order to 

partition the statistics between the two types of drylines.   
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Figure F.1:  Schematic of the algorithm to identify dryline grid points from the 
gridded data.   

 

 

Figure F.2:  Portion of the grid centered on grid point (m,n).  
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In order to demonstrate the application of the algorithm, the results are shown 

from a typical 10-minute segment involving an advancing (and partial retreating) dryline. 

Figure F.3 shows a station plot and objective analysis of the surface fields corresponding 

to this example. This particular time is interesting in that it shows several aspects that 

create problems for the algorithm. At the time of the example, the primary feature is the 

 

Figure F.3:  Surface observation/objective analysis map for 15 UTC, 16 
                   April 2002. Station model depicts (upper left, red) temperature and    
                   (lower left, blue) dewpoint temperature in ºC, and the (upper right,  
                   green) mixing ratio in g kg-1.  Each full wind barb is 10 m s-1. Shaded  
                   regions denote moisture advection, with the red hues indicating  
                   negative values and the green/blue hues indicating positive values.  
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advancing dryline across the western half of the domain. However, there is considerable 

positive moisture advection occurring across the northeastern portion of the domain that 

the algorithm will diagnose as an retreating dryline. This is easily removed by manually 

deleting grid points identified with strong positive moisture advection. A more subtle 

concern is that along portions of the advancing dryline, the wind field backs (wind 

direction becomes more easterly) just east of the dryline. This backing acts to bring 

positive moisture advection to grid points along the advancing dryline zone. Thus the 

algorithm uses the average advection term from the surrounding grid points.   Figure E.4 

demonstrates the results of the algorithm for this example. 

 

Figure F.4:  The dryline algorithm applied to the 1500 UTC, 16 April 2002  
                    analysis. The gray squares constitute the border where the algorithm  
                    is not applied. The black squares represent grid points where the  
                    advancing dryline was detected. The red-filled squares with white  
                    circles represent grid points where the algorithm struggled due to  
                    positive moisture advection at the grid point. The red squares with the  
                    black ‘X’s show grid points that were detected as a retreating dryline.  
                    These were removed by examining the sign of the advection term. 
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It can also be noted that the algorithm fails to detect any dryline grid points along 

the northern portion of the domain where the advancing dryline is characterized by 

somewhat weaker advection. The primary reason for the failure is that the mixing ratio 

values in that area are below the criteria of 7.5 g kg-1.  It can be postulated that the dryline 

is exhibiting a split or stepped nature in this region. One moisture gradient appears to be 

located between the stations of KHRS-KTIS and KONS-KPVS, while another one 

stretches back to the northwest between the stations of KMUS-KFAS/KDMS and 

KAMH-KONS. 

Table F.1 shows the results from the application of the algorithm to the data from 

the entire range of the experiment. It can be seen from the table that, in general, more grid 

points corresponding to the retreating dryline are selected by the algorithm than those 

from the advancing dryline. This is mainly due to the gradient requirement in the 

algorithm. It was found that the moisture gradient along the retreating dryline is usually 

stronger. This highlights the different nature of the dryline processes. The advancing 

dryline, created through vertical mixing, undergoes a slower evolution. In addition, it has 

been shown that the advancing dryline often has several weaker gradients, spread across a 

larger area normal to the dryline and also sometimes occurring below the algorithm’s 

mixing ratio limit of 7.5 g kg-1.  In contrast, with a structure analogous to a density 

current, the retreating dryline usually has a strong gradient from its inception. 
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Table F.1:  Summary of application of dryline algorithm to gridded data. 
 

Date/time Dryline type 
# of  gridpoints 

identified 

Gridpoints / # of 

10-min obs 

15 Apr: 15-21 UTC Advancing 35 .97 

16 Apr: 4-11 UTC Retreating 665 15.8 

16 Apr: 14-18 UTC Advancing 628 26.2 

17 Apr: 11-17 UTC Retreating 668 18.5 

17 Apr: 19-23 UTC Advancing 169 7.1 
18 Apr: 0-8 UTC Retreating 1182 24.6 

18 Apr: 13-20 UTC Advancing 866 20.6 
18,19 Apr: 21-6 UTC Retreating 1758 41.8 
6 May: 15-21 UTC Advancing 1183 32.8 

6, 7 May: 23-10 UTC Retreating 1876 28.4 

7,8 May: 17-0 UTC Advancing 837 19.9 

8 May: 0-10 UTC Retreating 1444 24.1 
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