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Motivation and Question 

• variability of PBL height in complex terrain – air 
pollution, theoretical studies, experimental planning, 
etc. 

 

• Complex terrain includes topographic and surface 
cover effects. What is the relative contribution of 
each on PBL height evolution and structure? 
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Investigation area: Granite Peak, 
located in the Dugway Proving Ground 
in western Utah 

Dugway Proving Ground 

~10 km 

Location of MATERHORN field studies in 2012 and 2013 (see other talks in this session) 



MATERHORN FIELD SITE 
Looking north Looking south 

Granite Peak 

Granite Peak 

Dugway Range 

Sapphire Mountain 

Sapphire Mountain 

Looking northeast 

Granite Peak 

Sapphire Mountain 



Spatial CBL height from airborne 
Doppler lidar 

The CBL is thicker on the east (sagebrush plain) than on the west (playa) side. 

Example: 9 October 2012  

  
See also poster 47: Spatial Variability of the Atmospheric Boundary 
Layer Height over an Isolated Mountain: Selected Cases from the 
MATERHORN-2012 Field Experiment. Pal, De Wekker and Emmitt  



Gradual increase of CBL height from west to east (and from north to south)  
 
The CBL is thicker on the east (sagebrush plain) than on the west (playa) side. 
 
. 
 

Spatial CBL height structure from 
operational NWP runs  

EXAMPLE FOR OCTOBER 2011 

WEST CENTRAL EAST 

Three-year climatology of 
mean afternoon PBL heights 
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 -> Observations and simulations show that the boundary 
layer structure around Granite Peak has a marked spatial 
heterogeneity. 

 

Two major potential reasons are differential heat fluxes 
and topography 

 

We would like to investigate the relative contribution of 
differential heat fluxes and topography on PBL height 
evolution and structure using idealized simulations and the 
so-called factor separation approach 



Factor separation approach 
The factor separation approach (Stein and Alpert, 1993) provides a useful 
formalism to design sensitivity studies. 

 

• A rather trivial example: one phenomenon, two forcing factors. You need 
four simulations: 0 (both forcings off), 1 (only forcing 1 on), 2 (only forcing 
2 on), 12 (both forcings on). From each simulation, you pick one field of 
interest, s (e.g., BL depth). Then you can compute four “factors”. 

 

 

 

 

 

• f0 represents the undisturbed development of a phenomenon, f1 and f2 
are the pure impacts of factors 1 and 2, f12 is the impact of their 
interaction. 

• f1 and f2 are trivial, f12 is not. Interestingly, it represents a nonlinear 
interaction. Nonlinearity is manifest in the fact that s12 ≠ f0 + f1 + f2. 

 



Model setup 

LES with CM1 with 100 m horizontal resolution and 20 m max. vertical resolution  
 
84 x 64 km domain centered on Granite Peak. 9-hour simulations starting at sunrise. 
Open lateral boundary conditions, lateral and upper Rayleigh damping layers 
 
We look at model output after 9 hours of integration (late afternoon). 
 

• S0: no topography, uniform heat input. 

• S1: with topography, uniform heat input. 

• S2: without topography, differential heat input 

• S12: with topography, differential heat input 

Topography in 
modeling domain 

GP 



Initial potential temperature profile 
(adapted from observations during MATERHORN) 
No ambient winds 

Model setup 

GP 

Prescribed heat input 

               9 hours 
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Playa: ~ 100 W/m2 

Shubland: ~ 150 W/m2 

GP 



Results 

• The following slides compare 4 runs or factors: 

 
S0 / F0 

(uniform heat input, 
no topography) 

 

 
S1 /F1 

(uniform heat input, 
with topography) 

 

 
S2 /F2 

(differential heat input, 
no topography) 

 

 
S12 /F12 

(differential heat input, 
with topography) 
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Temporal evolution of F12 
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Summary 

• Investigated relative contribution of topography and surface flux 
heterogeneity on CBL heights using the factor separation method 

 

• Effect of interaction is a CBL depression at interface between sage 
brush and playa that propagates in easterly direction with the playa 
breeze 

 

• Future work includes an investigation of the relative contribution as 
a function of atmospheric conditions and surface/topographic 
characteristics 
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