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The atmospheric boundary layer (ABL) parameterization and associated scaling in numerical 
models is a key area of interests for numerical weather prediction (NWP), and air quality 
forecasting due to the importance of transportation of heat, moisture, momentum, and tracers 
within the ABL and exchange of those between ABL and free troposphere (FT). Investigating 
the ABL is crucial for improvements in weather forecasts, climate modeling, aerosol transport, 
and health.  

The understanding of turbulence features and associated scaling laws in daytime ABL 
remains a challenging topic in boundary layer meteorology for many decades while limited focus 
has been paid to ABL turbulence over arid regions. Arid regions are known to have deeper ABL 
depths compared to other regions. Due to lack of adequate soil moisture, two of the key features 
of land-atmosphere feedback over an arid region include strong surface sensible heat fluxes and 
intense turbulent mixing. Furthermore, a warming climate has caused the area of arid regions to 
expand across the world. Gaining a better understanding of how turbulence features behave over 
an arid region will help not only lead to improvements in forecasting now, but also enable us to 
be one step ahead for a better turbulence parameterization. Doppler lidar measurements, such as 
vertical velocity, can help investigating the entrainment of air, turbulence, while tall tower (200 
m in this context) measurements help dragonizing surface forcing. Thus, combination of both 
tower and lidar measurements can help characterize ABL turbulence features under diverse 
surface forcing conditions. For instance, tower-based measurements of vertical profiles of higher 
order moments (e.g., variance and skewness) of moisture, vertical velocity, and potential 
temperature can help identify turbulent characteristics in the lower part of ABL.  

This work implements the measurements obtained from a ground-based doppler lidar and 
a 200m tall tower at Reese Technology Center, Lubbock, Texas to compute the first ever multi-
parameter turbulence analysis of the ABL over an arid region. The combination of these two 
instruments allowed us to investigate vertical velocity turbulence analysis throughout the whole 
depth of the ABL. Sonic anemometers on the 200m tower were used to analyze turbulence 
features of the u,v,and w components of the wind. Specific humidity and potential temperature 
turbulence features were also obtained through the 200m tower. Vertical profiles of vertical 
velocity variance and skewness were obtained using the doppler lidar. These vertical profiles 
were measured under different synoptic weather conditions to see how the profiles of vertical 
velocity variance and skewness change under different synoptic conditions. Furthermore, we 
investigated how stability regimes (SR) change during different air masses and how SR changes 
impact boundary layer turbulence features. These analyses will also provide new insight on the 
relationship between frontal passages and SR. It will also give new insight on how vertical 
profiles of vertical velocity variance and skewness change regarding SR and frontal passages. 
This will lead to the possibility of the development of new similarity relationships which will 
improve ABL parameterization in NWP.  
 



 
 
  


