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Summary of FY 15 activities

• Analyzing spatial variability of winds, ABL height, and turbulence kinetic energy 
using airborne Twin Otter Doppler Wind Lidar, airborne in-situ measurements, 
and a network of surface stations

• Analyzing two years of 4DWX output to investigate ABL height climatology and 
nocturnal boundary-layer processes over the MATERHORN investigation area

• Investigating the effects of non-stationarity in turbulence time series on the flux-
variance functions in Monin-Obukhov similarity theory

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

• Developing an unmanned aerial system consisting of a quad-copter and 
meteorological sensors for collecting vertical profiles of temperature, humidity, 
and wind (using tilt algorithm)

• Deploying 6 weather stations in MATERHON-FOG to collect 1 Hz measurements 
of wind, temperature, humidity, and pressure



1) climatography of daytime atmospheric boundary 
layer heights around Granite Mountain

• What are typical ABL heights around Granite 
Mountain?

• What is the spatial variability of ABL heights and how 
is variability related to surface type differences and 
orography?

• How well does an operational forecast model at high 
resolution simulate the ABL heights?



Climatography: typical ABL heights 
from 4 DWX

Seasonal cycle of ABL height

Two years of 4DWX output (1 July 2012 to 30 June 2014) 
were used in this study. 

4DWX: Operational forecast model for 
Dugway Proving Ground. Inner domain 
size of 60x60 grid points



climatography: spatial ABL height 
variability

First quartile median Third quartile

Daytime output from April to October

Gradual increase of ABL height from 
west (playa) to east (sagebrush), and 
from north to south

ABL height



Looking north

Granite Mountain

Sapphire Mountain

Typical TODWL flight 
pattern at 4 km MSL

Twin Otter Doppler Wind Lidar 
Measurements



Spatial ABL height from airborne Doppler lidar

ABL height larger on the eastern side (sagebrush plain) than 
on the western (playa) side

Example: Afternoon 9 October 2012 



Comparison of ABL heights from 4DWX 
simulations and from observations

Red = observations
Black = simulations

ABL height in meters (MSL) from 4DWX

9 October 2012, 23 UTC



Twin Otter in situ 
measurements

wind pattern 06 Oct 2012

TKE along flight leg in gap 
at ~ 700m AGL

2) Spatial wind and turbulence structure from airborne data
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3) gap winds and differential ABL development on western 
and eastern side of Granite Mountain

EASTERN SIDE COLDERWESTERN SIDE COLDER

daytimenighttime
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daytimenighttime

Thermally driven gap winds



4) an algorithm to determine winds from the 
attitude of a hovering multi-rotor copter.

Three main forces act on the quadrotor
system. These three forces are:

thrust T, 

drag D, and 

gravitational force, G

f = pitch

q = roll 

g  = tilt



Preliminary results

-> deployment in MURI-CASPER this month



5) Deployment of 6 weather stations during 
MATERHORN-FOG

Wind, temperature, humidity, pressure at 1 Hz
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Outlook summary

Continued efforts on:

• Spatial variability of winds , PBL height, and PBL turbulence 
• idealized large-eddy-simulations
• assimilation of wind profiles from the airborne Doppler wind 

lidar in WRF/4DWX
• Surface layer/boundary layer similarity theory
• Multi-rotor copter measurements

New efforts on: 

• MATERHORN case study simulations using COAMPS-EDMF
• Ground-based/airborne Doppler lidar intercomparison


