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Tower Christening
Oct 1977



Background

The Boulder Atmospheric Observatory (BAO) tower was constructed
in 1977 at a cost of approximately $1.5M.

Tower instrumentation and data acquisition system originally came
from Air Force Cambridge Research Laboratories, MA (Kaimal,
Wyngaard, Haugen). Responsible for the Kansas and Minnesota
boundary layer experiments (1968, 1973)

It sits on 180 acres (1/4 section) of land about 25 miles east of
Rocky Mountains near Boulder, CO.

NOAA leases 100 acres from the Colorado State Land Board.

The tower is 300m high and has 8 levels with instrument booms.

A 3-person elevator provides access to all heights.

The tower includes a mobile instrument carriage with a boom for
profiling studies



PHOENIX 1978                       



System’s Trailer
Dr. Chandran Kaimal



Original Joint facilities/computer buildings



Original computer printout
20 min summary

Micro-barograph arrayOptical Triangle



56-story, 714 feet (218 m)
Republic Plaza



More Facts

10’ on a side triangular structure.

9 ½”- 4 ¾” solid steel galvanized legs (largest rolled
steel at the time)

60’ deep pylons under each leg

6 guy wires/leg (18 total) connected to 50’ deep
anchors. Inner guys are 4400’ and outer guys 800’ from
the base of the tower

3 levels of aircraft warning lights on 3 sides (480 VDC)

Elevator and Instrument carriage are cog driven (480 VDC)

It takes the inside elevator 6 mins to get the top

The tower is located in a region of underground coal
mines.

1978

1946
Erie









Main Tower Compound

Systems trailer

Cal trailer

Main bldg



Visitor Compound



Current BAO Configuration/Instrumentation

8 Instrument booms: 10, 22, 50, 100, 150, 200, 250, 300m NW and SE
w/power

Fiber Optic cable: 10, 50, 100, 300m

Primary levels
Sfc, 10, 100, 300 meters
Sfc Pressure, precipitation
10m T, RH, Wind Speed and Direction (prop-vane)
100m T, RH, Wind Speed and Direction (prop-vane)
300m T, RH, Wind Speed and Direction (2-D sonic)

Secondary levels:
50, 150, 200 meters
50m T, Wind Speed (cups NW/SE) Direction (vane NW)
150m T, Wind Speed (cups NW/SE) Direction (vane NW)
200m T, Wind Speed (cups NW/SE) Direction (vane NW)

Remote Sensors:
Sodar, CL31 Ceilometer, Microwave radiometer (VC)



Data Access

FTP
ftp1.esrl.noaa.gov
anonymous
guest
cd psd3/bao/Tower/Processed/daily (Daily processed files)

BAO_SFC_YYYYDDD.dat               YYYY = Year DDD = Year day
BAO_300_YYYYDDD.dat
BAO_010_YYYYDDD.dat
BAO_100_YYYYDDD.dat

cd psd3/bao/Tower/Processed/daily (Monthly processed files)

BAO_SFC_YYYYMM.dat               YYYY = Year MM = Month
BAO_300_YYYYMM.dat
BAO_010_YYYYMM.dat
BAO_100_YYYYMM.dat

All times are UTC





Near Real-Time Data



Data Browser



Level Variable

Month
T/RH Histograms, Ozone, wind rose, time series YEAR



BAO Web Camera
Hourly updates

http://www.esrl.noaa.gov/psd/technology/bao/



BAO Web Camera
Hourly updates

http://www.esrl.noaa.gov/psd/technology/bao/



BAO Report 1: Project Phoenix The September 1978 Field Report Dec 1979

BAO Report 2: The Boulder Low-level Intercomparison Experiment ( Preprint of WMO Report) Jun 1980

BAO Report 3: Turbulence Statistics for Design of Wind Turbine Generators ( Preprint of Report to DOE) Dec 1980

BAO Report 4: Studies of Nocturnal Stable Layers at BAO Jan 1983

BAO Report 5: An Evaluation of Wind Measurements by Four Doppler Sodars Jul 1984

BAO Report 6: A Field Comparison of IN SITU Meteorological Sensors Dec 1985

BAO Report 7: Project CONDORS Convective Diffusion Observed by Remote Sensors Jul 1986

BAO Reports



Past Field Programs and Studies
The BAO tower has served as a validation site for a wide variety of ground-based
radar, lidar, sodar, infrasonic and radiometric remote sensing systems, and fixed,
aircraft-, balloon-, and satellite-borne sensors.

It has been featured in a number of investigations of fundamental boundary layer
processes, such as convective mixing, wave and turbulence activity, and
microbursts.

The BAO has been part of several mesocscale studies looking into the structure of
passing cold fronts, convergence lines, wind shear, gust fronts, and mountain
waves.

It has also been the centerpiece in a number of dispersion and air quality studies.

The BAO has hosted solar and IR radiation instruments for over 25 years.
Measurements have been used to validate satellite retrievals and global climate
models, in addition to serving as a climate record.

The BAO tower has been part of over 40 field programs, both large and small,
resulting in over 200 citations in refereed Journals.
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Infrasonic Observatory

Infrasound
(Bedard et al.)



Infrasonic Observations
(Bedard et al.)



NOAA/ESRL/GMD Radiation Group
BSRN Site

Up and down facing long- and short wave radiometers
Sun tracker (diffuse)
Sunphotometer (NASA)



Mauna Loa

NOAA/ESRL/GMD Tall Tower Network



NOAA/ESRL/GMD Tall Tower Network



CU Aerospace Senior Projects NCAR dropsonde



Teacher in the Lab
Dr. Peter Blanken (Geography)



Radiometer
Zavorotny et al. 2004  

Soil moisture at three depths from July 17 to July 21, 2004
(green: 5 cm; blue: 10 cm; red: 15 cm) 
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GPS Relectometry
Zavorotny et al. 2004  

High gain        Low gain



Temperature field reconstructed with
TDSI July 09, 2008. 

Magnitude of the wind velocity reconstructed
with TDSI July 09, 2008. Arrows indicate the
direction of the wind velocity vector.Acoustic Tomography

Ostashev et al. 2008

Tomography array

Speakermicrophone



Emily Grahm
MS Geography 2012

REGIONAL EDDY COVARIANCE MEASUREMENTS OF CO2
EXCHANGE FROM A TALL TOWER NEAR BOULDER, COLORADO

• To derive a regional estimate of Net Ecosystem 
Exchange (NEE)  from a tall tower

• To determine the controlling factors of NEE in the 
region

• To examine variations in NEE associated with 
different land uses and with seasonal land cover 
changes
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Turbulent Flux Footprint Estimates



Optical Anemometry
Muschinski and Tichkule, 2012



Radiative Forcing
Stone et al., 2011



Nitrogen, Aerosol Composition, and Halogens on a Tall Tower
(NACHTT 2011)



Nitrogen, Aerosol Composition, and Halogens on a Tall Tower
NACHTT 2011 Wolfe et al.



Water Vapor
Noone et al. 2013  

Determining water sources in the boundary layer from tall tower profiles of 
water vapor and surface water isotope ratios after a snowstorm in Colorado



The Rapid Refresh (RAP) model replaced the RUC as the NOAA next-generation hourly-
updated assimilation/modeling system operational at NCEP at 12z on 1 May 2012.

10m wind gust

2m T and Wind valid 19Z

Soil Temperature

2m T and Wind valid  06Z



TRAnsect Measurement system (TRAM)
NCAR Steve Oncley



TRAnsect Measurement system (TRAM)
NCAR Steve Oncley



WindTracer
Scanning lidar

ZephR
Profilling lidar

WINDTRACER® Lockheed Martin
(Barr et al.)



WINDTRACER® Lockheed Martin
(Barr et al.)
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Ceilometer and S-Band Radar
Paul Johnston

FMCW



Growth of the Convective Boundary Layer



Frontal Passage



Cold Air Density Current



Cold Air Density Current
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Fish-eye view

Views from the Top!

NOAA P-3 NCAR King Air

Changing out radiometers



LightningFrost

Critters
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Sept 6, 2010 1135 MST

Sept 6, 2010 1735 MST
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Fourmile Canyon Fire



Lefthand Canyon fire June 26, 2011



Fog layer at the BAO September 16, 2011 1430 UTC

Fog layer at the BAO September 16, 2011 1330 UTC

Fog layer at the BAO September 16, 2011 1530 UTC



Fog from the tower



BAO Panorama  June 27, 2010  22:33 UTC
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