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Granite Peak 

• Granite Peak, Dugway Proving Ground, Utah, target area of 
the MATERHORN-X field campaigns (fall 2012-spring 2013). 
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• Estimates of zi near Granite Peak are often hard to interpret. 

• The variability of zi is likely affected by two forcing factors: 
topography and differential heat fluxes. 

• What factor matters most? 

 

Mixing height variability 
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? 

Pal et al, 2015 (in preparation) 

IOP 5, 10 Oct 2012, 1100 UTC 



Numerical simulations 
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 CM1 model (Bryan and Fritsch 2002). 

 dx = dy = 100 m, dz ≥ 20 m. 

 Deardorff (1980) SGS turbulence. 

 dry air, passive tracers. 

Boundary conditions: 

 low-pass filtered topography. 

 prescribed ground temperature, Ts  T0+Asinωt. 

 surface fluxes: drag relationships. 

 open lateral boundary conditions. 

Initial conditions: 

 initially quiescent atmosphere. 

 ϑ profile from Materhorn-X-fall IOP 5. 
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Factor separation /1 

• Stein & Alpert (1993). 2 components → 2n = 4 simulations: 
–   0 (component 1 off, component 2 off), 

–   1 (component 1 on, component 2 off), 

–   2 (component 1 off, component 2 on), 

– 12 (component 1 on, component 2 on). 

• From each simulation you pick one field of interest, s. Then, 
from s0-s1-s2-s12 you can compute four “factors”: 

 

 

 

 

• f0 , f1 and f2 are trivial, f12 is not. It quantifies the nonlinear 
interaction between the two components. 
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Factor separation /2 
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F00 = S00 

(«pure» CBL 
development) 

 

 
F01 = S01 – S00 

(impact of 
topography) 

 

 
F02 = S02 – S00 

(impact of 
differential Ts) 

 

 
F12 = S12 – S01 – S02 + S00 

(synergy between 
differential Ts and topography) 

 

with topography without topography 

ΔTs 

= Ts 

• Ts: 293 ± 5 K over playa, 295 ± 7 K over desert (these values imply heat 
fluxes resp. of ~100 and ~150 W m-2). 

• In what follows, factors are computed from the mean flow between 
hours 8 and 9 in the simulation (ideally, the mid-afternoon). 



Factors /1: potential temperature 
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Factors /2: 10-m winds 
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Factors /3: zi (gradient method) 
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Factors /4: interpretation 
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Factors /5: Summary 

 

• Non-obvious findings: 

– The magnitude of the factors: topography dominates. 

– The synergy factor «smooths» zi. 

 

• Open questions: 

– How does topography affect the warming/mixing process 
in the BL? 

– How do these results depend on the parameters of the 
system? 
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Topography impact /1: Heat fluxes 
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1.9.2015 

Topography impact /2: Vertical mixing 
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Summary and conclusions /1 

 

• Despite sharp land-cover contrasts, topography is the major 
driver of mixing height variability at DPG. Q: Is it always so, in 
similar situations? 

 

 

 

 

 

• Synergy between topographical and land-cover forcing 
enhances the inland propagation of the lake (or «salt») 
breeze*. It also contributes to levelling the mixing height, 
making it less "terrain following". 

1.9.2015 33rd International Conference on Alpine Meteorology 14 

* "mountain-plain solenoid" 



Summary and conclusions /2 

 

• Topography seems to affect the CBL structure mostly through 
two processes: enhanced heat flux due to persistent 
thermally driven flow, and elevated heating. Both 
mechanisms result in deeper mixing of the air column near 
mountains. 

 

• Future investigations will address the impact of: 

– The relative magnitude of topography and heat fluxes. 

– The «background» thermal structure. 

– «Background» winds. 

– Topographic (self-) shading. 
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