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Summary of FY 14 accomplishments

• Spatial variability of winds and PBL height was analyzed using airborne 
Twin Otter Doppler Wind Lidar (TODWL) measurements from 
MATERHORN-1.

• Two years of 4DWX output were analyzed to investigate PBL height 
climatology

• The relative contribution of complex topography and land-surface 
heterogeneity on the spatial variability in PBL height was investigated 
using idealized large-eddy-simulations

• Turbulence Kinetic Energy and turbulent fluxes were analyzed from in-
situ measurements of the Navy Twin Otter during MATERHORN-1

• Two years of 4DWX output were analyzed to identify the most 
favorable regions for the onset of boundary-layer separation

• The sensitivity of 4DWX to the assimilation of wind profiles from the 
airborne Doppler wind lidar was investigated

• An unmanned aerial system consisting of a hexa-copter and 
meteorological sensors was developed for collecting vertical profiles of 
temperature, humidity, and wind from the surface to 400 ft AGL.



• Downward conical scans and stare

– U,V,W with 50 m vertical resolution with DX ~ 1 - 1.2 km

– SNR (aerosols)

• Forward stare (for prospecting turbulence structures)

• Additional Twin Otter Measurements, e.g. in situ 
fluxes, meteorological  variables, surface temperature, 
particle counts

Twin Otter Doppler Wind Lidar (TODWL) 
data products



MATERHORN-X Fall - airborne

• Twin Otter in Utah between 5 October and 18 October, 2012, participated in 4 IOPs
• Missions lasted ~ 4 hours
• 7 research flights yielded ~3000 wind profiles between surface and 3400 m MSL
• low level flights during each flight
• Co-funded by ONR and ARO

quiescent quiescent quiescent moderate

Rainfall event



Spatial variability of PBL height from 
TODWL



Spatial PBL height from airborne Doppler 
lidar

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

Example: 9 October 2012 



Comparison of PBL heights from 4DWX 
simulations and from TODWL observations

Red = observations
Black = simulationsPBL height in meters (MSL) from 4DWX



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 

Two-year climatology of mean 
afternoon PBL heights

GP

Cedar 
Mountains



-> 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 (Stein and Alpert, 
1993) 



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



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)

with topographyno topography

differential 
heat input

Uniform 
heat input



S1S0

S2 S12

Simulations at  t=9 hours



F1F0

F2 F12

Factors at t=9 hours



Temporal evolution of F12

T=9T=8T=7

T=6T=5T=4

T=3T=2T=1 hr



Conceptual  model of interaction effect



Outlook summary

Continued efforts on:

• Spatial variability of winds , PBL height, and PBL 
turbulence 

• PBL height climatology
• idealized large-eddy-simulations
• assimilation of wind profiles from the airborne Doppler 

wind lidar in WRF/4DWX

New efforts on: 

• MATERHORN case study simulations using COAMPS-EDMF
• Surface layer/boundary layer similarity theory
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