
 

 

ABSTRACT 
 
AARON PAUL SIMS.     Effect of Mesoscale Processes on Boundary Layer 
Structure and Precipitation Patterns: A Diagnostic Evaluation and Validation 
of MM5 with North Carolina ECONet Observations.  (Under the direction of 
Professor Sethu Raman) 
 

 

Mesoscale processes, dictated by surface characteristics, play a 

dominant role in the development of the planetary boundary layer (PBL) 

structure and the formation of convection.  The effect of mesoscale processes 

on the boundary layer structure also has significant implications in the 

understanding of circulation patterns and regional scale predictability.  Large 

geographical variability in North Carolina (NC) provides a wide variety of 

weather events and climatological regimes.   

There are many challenges for numerical modeling in NC due to the 

heterogeneity in topography, land use, and soil type, presence of the ocean 

and the Gulf Stream.  These heterogeneous attributes feature an excellent 

location for simulations and validation of the MM5 numerical modeling system 

with observations of high spatial and temporal resolution.   

MM5 is utilized for a non-precipitation case and a convective case 

including precipitation with a 5-km domain centered over the Carolinas.  

Model integration is for 72 hours from 0000Z August 15, 2000 to 0000Z 

August 18, 2000. Simulated hourly surface and sub-surface values are 

evaluated against in-situ surface observations.  These simulations consist of 



 

 

 

real case studies involving MM5 Version 3 with the MRF PBL scheme 

coupled to the Oregon State University  (OSU) land surface model (LSM).  

The OSU LSM uses 1 km resolution land-use and soil data as input into MM5 

for capturing the dynamics of land-surface forcing. 

 The acquisition and combination of different agro-meteorological data 

across NC provides high-resolution observations used for validation at 

multiple model grid points. For the case studies, these data incorporate hourly 

observation sites throughout North Carolina including 19 ASOS (Automated 

Surface Observing Sites / owned and operated by the NWS and FAA) sites 

and 15 ECONet (Environmental and Climate Observing Network: maintained 

by State Climate Office of North Carolina) sites.  Multiple parameters 

compared and investigated using this network of observations include: 

ECONet: Air Temperature (2m), Relative Humidity (2m), Wind Speed (10m), 

Wind Direction (10m), Soil Temperature (10 cm), Soil Moisture (10cm), Hourly 

Precipitation rate; ASOS: Air Temperature (2m), Dewpoint (2m), Wind Speed 

(10m), Wind Direction (10m), Hourly Precipitation, Weather Conditions, and 

Cloud Layers.    

The approach involves examination of simulated horizontal and vertical 

wind patterns across the coast, piedmont, and mountainous regions in North 

Carolina.  These simulated wind fields are used to investigate local land-sea 

interactions near the coast, effects of land surface processes in the piedmont, 

and pollution transport potential over complex terrain in the mountains of 



 

 

 

North Carolina.  Precipitation patterns generated by the model are also 

compared with daily observations of precipitation amounts in conjunction with 

the hourly stations across the central portion of the 5 km domain, particularly 

North and South Carolina.   

Following a graphical comparison of 2D and 3D fields, statistical 

methods are applied to provide quantitative relationships for errors and biases 

in the simulations.  The analyses give additional insight into model 

performance.  This is especially important when validating complex and 

comprehensive interactions and processes that occur in North Carolina.  

Statistical measures used include:  absolute correlation, root mean square 

error (RMSE), bias, normalized mean square error (NMSE), weighted 

normalized mean square error of the normalized ratios (WNNR), normalized 

mean square error of the distribution of the normalized ratios (NNR), and the 

index of agreement.   

Diurnal variation is handled well by the model indicating that the 

thermodynamic structure of the atmosphere is well simulated.  Nocturnal 

boundary layer processes are poorly simulated, particularly in western NC, 

and heterogeneous surface features have significant effects on regional scale 

processes including boundary layer structure and precipitation patterns.  

Model performance degrades over regions with complex terrain signifying that 

more observations are needed to develop regionally consistent flow patterns.  



 

 

 

Precipitation patterns are simulated with a fair amount of accuracy when 

including the Kain-Fritsch cumulus parameterization scheme. 
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vD   Deformation for v velocity component 

wD  Deformation for w velocity component 

θD   Deformation for potential temperature component 

E   Effective skin temperature 

e   Coriolis parameter ( λcos2Ω=f ) 



 

 

xxiii

F   Heat flux 
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G   Snow heat flux 
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h   Height of the boundary layer 
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K   Soil thermal diffusivity 

k   Von Karman's constant 
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coefficient 
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L   Monin Obukhov length ; Latent heat flux ; Latent heat of 
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m   Map factor 

p   Pressure 

'p   dtdp /  
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*p   ts pp −  

.
Q   dtdQ /  
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dR   Gas constant for dry air 

earthr  Radius of the earth 

crRib  Critical bulk Richardson number 

↓S  Downward shortwave radiation 

T   Air temperature 

0T   Background temperature 

aT   Air temperature 

'T   dtdT /  

sT   Surface temperature 

0sT   Reference temperature at 00p  

soilT  Temperature in the first soil layer 

t   Time 
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u   Wind speed relative to earth in the z - direction 
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x   Cartesian coordinate representing east-west direction 

y   Cartesian coordinate representing north-south direction 
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γ   A parameter in the equation of motion resulting form 

Lambert conformal map projection 

cγ   Correction to the local gradient term 

qγ   Counter gradient term for specific humidity 
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ε   Constant equal to 0.1 

Θ   Fraction of unit soil volume occupied by water 



 

 

xxvi

θ   Potential temperature 
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σ   Vertical terrain following coordinate ; Stephan-Boltzman 

constant 
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tφ   Non-dimensional temperature gradients 

 

 


