
BOULDER 
ATMOSPHERIC 
OBSERVATORY:  
1977–2016
The End of an Era and  
Lessons Learned

Daniel E. Wolfe and R. J. Lataitis

T	 he Boulder Atmospheric Observatory (BAO; Kaimal and  
	 Gaynor 1983) was a research facility located near Erie,  
	 Colorado, about 32 km northeast of Boulder. It included a 

unique 300-m-tall meteorological tower (Fig. 1) from which a 
wealth of fundamental atmospheric turbulence and chemistry 
data were collected from its installation in 1977 until its decom-
missioning in 2016. It was most recently maintained and operated 
by the Physical Sciences Division of the National Oceanic and At-
mospheric Administration (NOAA) Earth System Research Labo-
ratory (ESRL), formerly the NOAA Wave Propagation Laboratory 
(WPL), and later the NOAA Environmental Technology Labora-
tory (ETL). For almost 20 years beyond an initial estimated useful 
lifespan of 20 years, the BAO was used for a wide array of planetary 
boundary layer (PBL) studies and for the validation of novel remote 
sensing systems spanning radar, lidar, acoustic sounder (sodar), 
and related technologies. The BAO also hosted solar radiation and 

This essay summarizes the nearly 40-yr history of the 

Boulder Atmospheric Observatory and its contributions 

to the research community. 

Fig. 1. The southeast face of the 300-m Boulder Atmospheric 
Observatory (Photograph courtesy of Dr. Shelby Frisch).

Publisher’s Note: On 19 September 2018 Figure 10 was revised to correctly identify 
the field program and credit the photographer. 
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with minimal residential and commercial develop-
ment that could impact low-level atmospheric flow. 
Nonscientific requirements included adherence to 
Federal Aviation Administration (FAA) aircraft safety 
restrictions and acquiring a suitable expanse of land 
with a location large enough and geologically sound 
enough for the necessary 17-m-deep foundation and 
guy wire anchors that extended horizontally 244 m 
from the tower base.

The scope and cost of this project [$1.5 million 
(in 1977 U.S. dollars) for the tower along with $1.5 
million for instrumentation] naturally led to media 
interest and questions as to the need for such a 
facility. Approval by local governments took time 
and met with opposition. In today’s political climate, 
a similar project would undoubtedly be met with 
scrutiny and opposition without clearly articulating 
the societal benefits relative to the costs. To better 
inform the public and local decision-makers, public 
forums were held and news articles were published 
explaining the goals and virtues of such a facility. Dr. 
C. Gordon Little, then director of the WPL, in a news 
article stated that without the BAO, WPL could not 
develop “instrumentation that can see the weather 
and instruct computers to devise three-dimensional 
pictures of the weather patterns that may someday 
be used to warn citizens of severe storms and prevent 
airplane crashes” (Denver Post, 7 November 1976). 
Hall (1977) described the BAO tower during its final 
stages of construction and explained the site selection 
process, including some of the scientific goals. He 
also stated the tower would be treated as a national 
facility open to government and private agencies 
and universities. Remote sensing within WPL was 
in its infancy. In addition to hosting fundamental 
atmospheric studies, Dr. William H. Hooke, one of 
the original advocates for the facility and head of the 
WPL Atmospheric Studies Division, stated, “One 
long-range objective of the BAO research program 
is to provide a kind of womb for the growth and 
development of various remote-sensing devices that 
can ultimately be sent off on their own as mobile 
atmospheric-probing packages, no longer requiring 
verifications by in-situ sensors” (WPL Annual Report 
1978). Such discussions and justifications were re-
quired 40 years ago, and we must continue this con-
versation today and leverage the success of the BAO 
and similar observatories to promote the critical need 
for continuous, long-term atmospheric observations.

In addition to the development and testing of novel 
remote sensing instrumentation, WPL also realized 
the need for the transfer of associated technologies, 
not only of the instruments but of the products they 

greenhouse gas baseline measurements used as part 
of global networks. The following article is a brief 
description of the BAO and its nearly 40-yr history, 
including some of the key studies and their findings 
that might not have been possible if not for this unique 
facility. Lessons learned from this research facility can 
be used to help guide and facilitate the evolution of 
both existing and future research observatories.

MOTIVATION AND EARLY OBSTACLES. 
Initially accepted from the contractor in October 1977, 
planning for the BAO started back in February 1974 
with a workshop held in Boulder, Colorado. The BAO 
was proposed as a joint meteorological observing facil-
ity, and the workshop was attended by representatives 
from NOAA, the National Center for Atmospheric Re-
search (NCAR), and the Cooperative Institute for Re-
search in Environmental Sciences (CIRES). Why build 
such a facility? Even though Boulder and the Colorado 
Front Range were then, as now, a hub for atmospheric 
research, this was not the primary motivation for the 
BAO. The former WPL was tasked with the mission of 
developing instruments to remotely sense and moni-
tor the atmosphere. For 10 years prior to construction 
of the BAO tower, that research was carried out on 
a 150-m-tall tower near Haswell, Colorado, 267 km 
southeast of Boulder. The importance of this work and 
limitations of the Haswell site, being far from Boulder 
and with a tower too short to sample the full height of 
the PBL, prompted WPL to redefine its needs for an 
improved facility. Moving closer to Boulder was not 
without its own challenges. Scientifically, the tower 
had to be placed sufficiently east of the Front Range, 
so that the PBL development would be relatively 
unaffected by the Rocky Mountains, and in a region 
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produced. This effort focused on developing what 
was called a Prototype Regional Observing and 
Forecasting Service, later renamed the Project for 
Regional Observing and Forecasting Service (PROFS; 
Schlatter et al. 1985), a forerunner of the work now 
conducted in ESRL’s Global Systems Division with 
the Advanced Weather Interactive Processing System 
(AWIPS). Thus, the ground-based observations made 
at the BAO played a critical role in the development 
of today’s weather forecasting technology, which 
ultimately saves lives and money.

TECHNICAL DETAILS. The centerpiece of the 
facility was a 300-m-tall triangular tower (designed 
for 500 m should the need arise and necessary 
funding become available) initially instrumented 
at eight levels with both fast- and slow-response air 
temperature, relative humidity, and wind sensors. 
The site, near Erie, Colorado, was located in relatively 
flat terrain, initially surrounded by agricultural and 
rangeland fields. Today, urban development has 
encroached quite near to the site. The tower and its 
instrumentation were the focal points of the BAO, 
but its two elevator systems made it one of the most 
unique and user-friendly research towers in the 
world. At the time of its construction it was one of the 

tallest meteorological towers. Although over the years 
many taller towers have been erected, few if any had 
the capabilities of the BAO. With a three-passenger 
inside elevator, scientists could easily transport and 
mount instrumentation at any of the fixed levels or 
to the many other platforms throughout the height of 
the tower. The outside instrument carriage (IC) took 
the research capabilities of the BAO to another level, 
making it possible to profile the atmosphere from the 
surface to 300 m, something that had not been pos-
sible before. At 300 m, the tower extended above the 
nocturnal boundary layer and was able to track the 
evolution of the daytime convective boundary layer 
until late morning on most days. Under conditions of 
strong subsidence or downsloping winds, a capping 
inversion associated with air pollution events in the 
Denver area remained within the height of the tower.

Several remote sensing systems were part of 
the facility along with near-real-time processing 
and publicly available display capabilities greatly 
enhancing its usefulness to scientists and the 
public. As part of the design concept, data were 
collected 24–7 with a near-real-time output every 
20 min. Data were also archived on nine-track tapes. 
Figure 2 shows Dr. Chandran Kaimal annotating a 
strip chart recorder in the computer systems trailer 

Fig. 2. (left) Dr. Chandran Kaimal annotating a strip chart recorder in the systems trailer. (right) The 
initial set of instruments (sonic anemometer, propeller-vane anemometer, and aspirated temperature 
and relative humidity sensor) mounted on one of the eight fixed booms.
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and the instrumentation mounted on one of the eight 
instrumentation booms. Figure 3 shows an example 
of a 20-min computer output that included turbulent-
f lux parameters from the fast-response sensors 
(10 Hz), mean data from the slow-response sensors 
(1 Hz), and output from the microbarograph array 
(Hooke 1979; Bedard and Georges 2000) and optical 
triangle (Hooke 1979; Lawrence et al. 1972; Tsay et al. 
1980) The initial on-site data collection system used 
a Digital Equipment Corporation (DEC) PDP-11/34 
minicomputer. The data were sent in real time to 
Boulder where it could be visualized and analyzed 
by NOAA and visiting scientists.

Some of the instrumentation, their design con-
cepts, and the data collection system for the BAO 
tower came from the Air Force Cambridge Research 
Laboratories under the direction of Dr. Kaimal 
(Kaimal et al. 1974) and had been a part of the 
groundbreaking 1968 Kansas and 1973 Minnesota 
boundary layer field studies (Izumi 1971; Izumi 
and Caughey 1976). Included were redesigned sonic 
anemometers with fast-response platinum-wire 
thermometers.

KEY EXPERIMENTS AND CONTRIBUTIONS 
FROM THE BAO. The first two major experiments 
at the BAO took place in the spring and fall of 1978 
and required wiring and instrumenting of the tower 
to be completed in just six months (October 1977–
March 1978) under some very challenging condi-
tions. The first experiment was a site evaluation to 
help understand the effects of the uneven terrain on 
the temporal and spatial characteristics of the PBL. 
The results from this evaluation showed an atmo-
spheric structure similar to flat terrain (Kaimal et al. 
1982a,b; Haugen 1978; Haugen and Schwiesow 1979). 
Measurements of convective plumes (Wilczak and 
Tillman 1980) resulted in a better understanding of 
plume structure and transport. Using the continuous 
data to examine wind f low patterns, Hahn (1981) 
found diurnal wind oscillations within the PBL for 
days with southerly geostrophic winds. The second 
experiment, Project Phoenix (Hooke 1979), again was 
a study of the PBL looking at its growth and decay, 
with the goal of evaluating and comparing many of 
the remote sensing systems being developed by WPL 
as well as creating a complete dataset of the convective 

Fig. 3. Copy of original 20-min computer printout. (top) The mean parameters for all eight levels, 
(middle) the temperature and momentum fluxes calculated from the sonic anemometer and platinum-
wire temperature sensors, and (bottom) the optical triangle and microbarograph array data.
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boundary layer and many of its underlying atmo-
spheric processes. Both experiments used research 
aircraft and surface observations from the Portable 
Automated Mesonet (PAM; Brock and Govind 1977). 
The fall experiment brought together a variety of 
remote sensors from the Boulder research community 
(radars, lidars, sodars, aircraft, microwave radiom-
eters, optical wind sensors). This initial experiment, 
and so-called christening of the BAO facility, led to 
several more important studies and research efforts 
over the next 10 years. These again included bound-
ary layer studies (nocturnal and diffusion) and 
various instrument comparisons such as sodars and 
an Environmental Protection Agency (EPA) study 
to look at the performance characteristics of various 
wind sensors to measure atmospheric turbulence. 
Because the BAO operated 24–7 a large dataset cov-
ering a wide range of meteorological conditions was 
available to researchers for analysis.

Over the years, the BAO hosted several large 
national and international experiments and numerous 
smaller ones. One of the largest was the Boulder Low-
level Intercomparison Experiment (BLIE), a World 
Meteorological Organization (WMO)-sponsored 
workshop/experiment (Baynton et al. 1981; Kaimal et al. 
1980a) with 11 WMO member nations participating. 

A total of 23 different measurement systems/sensors 
were deployed including radars, sodars, tethered and 
free-flying balloon packages, a short-instrumented 
tower, and some of the first instrumented unmanned 
aerial vehicles (UAVs; Fig. 4). The objective of these 
intercomparisons was to better understand the dif-
ferent low-level atmospheric sounding techniques. 
The first use of the instrument carriage was during 
BLIE, during which radiosonde and tethered 
balloon instrument packages were transported up 
and down the tower for both intercomparison and 
comparison with the tower sensors. This resulted in 
the refinements that appear in today’s radiosondes, 
tethersondes, and dropsondes.

In 1982 the Boulder Upslope Cloud Observa-
tion Experiment (BUCOE; Gossard 1982; Gossard 
et al. 1982) was conducted. After instrumenting the 
carriage with a suite of fast-response sensors (Fig. 5; 
Kaimal and Gaynor 1983) it could both profile the 
atmosphere or be placed at an altitude between one 
of the fixed tower levels (10, 22, 50, 100, 150, 200, 
250, and 300 m) recording data as turbulent features 
of interest oscillated up and down the height of the 
tower. In addition to increasing the understanding of 
the fundamental properties of the lower atmosphere, 
the BAO played a key role in atmospheric chemistry 

Fig. 4. Pictures from BLIE 1979 and (bottom right) EPA comparison 1985.
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and air pollution studies. In 1988–89 two large air 
pollution studies were conducted along the Front 
Range. The Denver Brown Cloud Studies (Neff 1997), 
a joint effort with NOAA, local agencies, and univer-
sities, set out to collect meteorological, aerosol, and 
air chemistry data to help better understand the air 
pollution issues in the Denver Front Range region. 
Results from these studies helped shape some of the 
early plans to improve regional air quality. The BAO 
was one of the major sampling sites and a major 
contributor to understanding the meteorology along 
the Front Range.

BAO A S A N U C LE U S FO R OTH E R 
PROJECTS. As mentioned earlier, two nontower 
sensors were a part of the initial BAO configuration. 
The microbarograph array (Hooke 1979; Bedard 
and Georges 2000) consisted of four ground sites, 
one located near the base of the tower and three 
others located approximately 128 m away, capable 
of measuring the speed and direction of various 
infrasound signals. In the early days arrays similar 
to this were used to detect underground nuclear tests 
by the pressure waves generated as the Earth’s crust 
was deformed. Over the years the research focused on 

naturally occurring infrasound as clues to avalanches, 
meteors, tornadoes, volcanoes, severe-weather sys-
tems, and turbulence (Bedard 2005). One famous event 
observed in the data from the BAO infrasound array 
was the May 1980 eruption of Mount Saint Helens. The 
optical triangle (Hooke 1979; Lawrence et al. 1972; 
Tsay et al. 1980) consisted of three short towers 
located 244 m from the main-tower base forming 
an equilateral triangle 450 m on a side. On top of 
each tower was a laser source and receiver that could 
measure the average wind along a light beam using 
scintillation techniques. Wind flowing perpendicular 
to each leg of this triangle represented either con-
vergence or divergence into and out of this triangle. 
These data have been used to study gravity waves 
and were also compared to microbarograph data.

In 1985 ESRL’s Global Monitoring Division (GMD; 
formerly the Climate Monitoring and Diagnostics 
Laboratory) first began using the BAO for some of 
their research and installed a suite of radiometers 
to measure various components of incoming and 
outgoing solar radiation (Dutton 1990). In 1992 these 
measurements were expanded (diffuse and direct 
measurements) and incorporated into the World 
Climate Research Programme (WCRP) Baseline 

Fig. 5. (left) The movable IC during BUCOE 1982 with an additional 10-m boom added for increased vertical 
resolution on top of the standard fixed tower booms. (right) A suite of turbulence instruments mounted on the 
carriage boom along with data collection systems on the main carriage platform.
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Surface Radiation Network (BSRN) (König-Langlo 
et al. 2013), 1 of 68 sites worldwide. The BSRN is a 
worldwide network of monitoring sites designed to 
provide high-quality short- and longwave surface 
radiation measurements for validation of satellite-
based estimates and comparisons to global climate 
model (GCM) simulations. In 2007 GMD added the 
BAO to its tall-tower network (Andrews et al. 2014). 
Three levels (22, 100, and 300 m) on the tower were 
sampled continuously and provided regionally rep-
resentative measurements of carbon dioxide (CO2). 
These data were then used to help identify long-term 
trends, seasonal variability, and spatial distribution of 
carbon cycle gases as part of the Global Greenhouse 
Gas Reference Network. Also at 300 m a weekly flask 
sample was taken and analyzed for CO2, methane 
(CH4), carbon monoxide (CO), dihydrogen (H2), 
nitrous oxide (N2O), and sulfur hexafluoride (SF6) 
and by the University of Colorado (CU) Institute 
for Arctic and Alpine Research (INSTAAR) for the 
stable isotopes of CO2 and CH4 and for many volatile 
organic compounds (VOCs). These measurements 
formed one of only six such global sites.

Many studies made use of previously collected 
BAO tower data. One such study was in support 
of the Department of Energy’s (DOE) wind energy 
research efforts (Kaimal et al. 1980b). At about the 
same time the BAO went operational the world’s 
first wind farm also came online in New Hampshire. 
This endeavor was not totally successful because of 
the lack of understanding of wind variability and 
turbulence effects on wind turbines. In cooperation 
with the DOE, turbulence data from the BAO tower 
during two high-wind events were used to validate 
gust models and better understand the stresses a wind 
turbine might experience. These results were then 
applied to the design of future wind generators and 
farms. In the nearly 40 years since this study, remote 
sensors (sodars and lidars) have become extremely 
useful for mapping the winds of potential or existing 
wind farms (Banta et al. 2013, 2015; Wilczak et al. 
2015; Lundquist et al. 2017).

UNIQUE APPLICATIONS. Many interest-
ing uses of the tower and its data have taken place 
throughout its history. In March of 1982 the in-
strumentation running on the tower and the then-
operational PROFS mesonet (Brock and Govind 
1977; Pratt and Clark 1983) captured the passage 
of a very intense cold front. Shapiro (1984) used 
these data to analyze the microscale structure of a 
density current, which is known to be a triggering 
mechanism for mesoscale convective systems. The 

high-temporal-resolution data revealed that the 
horizontal gradients of the front were concentrated 
within a narrow 200-m horizontal distance. One 
of the more unique uses included a study whose 
purpose was to discredit the results of earlier tower 
measurements that seemed to show that Newton’s 
1/r2 gravity law was wrong for “short” distances, 
where r is the distance between two objects (Cruz et 
al. 1991). Another nonstandard dataset collected at 
the BAO was from a web camera. Installed at 300 m 
and facing approximately south, it had a field of view 
from 34° to 334°. The camera was programmed to 
capture images at a variety of different angles and 
time resolutions. Two of the more interesting sets of 
images were a zoom looking at downtown Denver 
every 10 min and an hourly panorama with 6–50° 
panels. The view of downtown Denver showed the 
evolution of many pollution events and the impact 
of a trapping inversion. ESRL’s Global Science 
Division devised a method to simulate clouds and 
aerosols (Fig. 6) using the 300° panorama data in 
conjunction with the Local Analysis and Prediction 
System (LAPS) to validate existing algorithms and 
assimilating observed data in numerical models 
(Fig. 7; Jiang et al. 2015). The web camera had also 
captured many interesting events, including the 
Fourmile Canyon Fire in 2010 showing the smoke 
plume f lowing eastward toward the plains. Stone 
et al. (2011) used this event to analyze the impacts 
of smoke on incoming solar radiation at the BAO 
along with other sites impacted by the plume. Not 
to be forgotten is the opportunity to drop objects off 
the top of a very high tower without the danger of 
hitting someone or something below. This capabil-
ity proved useful for studying different parachute 
designs for dropsondes (Fig. 8) and testing how well 
newly designed unmanned aerial vehicles can glide 
to a “soft” landing.

LATER YEARS AND DECOMMISSIONING. 
The site itself and the surroundings changed over 
the years. Commercial and private development, 
especially in the last five years, had crept closer and 
closer. The pros and cons of the scientific impact 
of these changes have been discussed. Boundary 
layer meteorologists and some climatologists felt 
this encroachment had a negative impact. Others 
felt the BAO could capture important anthropogenic 
changes to the local environment. Development also 
meant increases in pollution and particulates. The 
BAO happened to be located in the middle of the 
Denver–Julesburg Basin (first discovered in 1901) 
that underlies the Denver metropolitan area and the 
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eastern side of the Rocky Mountains where there has 
been major oil and gas exploration. Around 2005 
ESRL’s Chemical Science Division started planning 
experiments collocated at the BAO to study the effects 
of increased oil and gas activity.

Figure 9 is a timeline of some of the more im-
portant events and field campaigns throughout the 
history of the tower. In the earlier years of the BAO 
the focus was on the boundary layer and instrumen-
tation spanning both remote sensing and in situ 
studies. In the latter years the focus changed more 
to atmospheric chemistry and aerosol research with 
some intercomparisons of remote sensors (lidars) whose 
technology had been transferred to the private sector. 
In 2011 and 2014, a portable instrument shelter with 
amenities (PISA; Fig. 10) was placed on the instru-
ment carriage filled with various air chemistry and 

aerosol measuring instruments. Nearly 300 vertical 
profiles were made over a 26-day period during the 
Nitrogen, Aerosol Composition, and Halogens on 
a Tall Tower (NACHTT) experiment (Brown et al. 
2013).

Even though the BAO has been decommissioned, 
one can still access some of its data. In 2007 a new 
data collection system was implemented with con-
tinuous measurements at three levels (10, 100, and 
300 m). One-minute-average temperature, relative 
humidity, and wind speed and direction along with 
surface pressure and precipitation are available. At 
about the same time a laser ceilometer and a monos-
tatic sodar were acquired and run continuously. These 
data can be accessed through the BAO data browser 
described in the BAO Data Browser appendix. Data 
from special experiments such as the Front Range 

Fig. 7. (top) LAPS simulation and (bottom) actual BAO web camera panorama.

Fig. 6. Panorama (34°–334°) created from a web camera located at 300 m. (top) The Fourmile Canyon Fire in 
its early stages. (bottom) The setting sun behind the smoke plume coming toward the BAO off the mountains 
to the right and the smoke plume flowing eastward out to the plains away from the BAO on the left.
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Fig. 8. Various parachute drop tests, including (bottom right) NCAR dropsonde.

Fig. 9. Timeline of major events throughout the history of the BAO.
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Air Pollution and Photochemistry Experiment 2014 
(FRAPPE; Pfister et al. 2017) and the Experimental 
Planetary Boundary Layer Assessment 2015 (XPIA; 
Lundquist et al. 2017) are also available, including 
periods of fast-response sonic data at multiple levels 
on the tower. These periods are described in the 
“Tower Data” appendix. Data from other instru-
mentation operated at the tower are also often avail-
able during these periods, including wind profiler, 
microwave radiometer, laser, sodar, distrometer, and 
aerosol and chemical measurements. As mentioned 
above, the BAO Data Browser appendix gives a brief 
description of the BAO “data browser” that is still 
available for online access to BAO data.

C O N C L U S I O N S  A N D  L E S S O N S 
LEARNED. Even though the BAO is no longer 
operational, its legacy lives on through the re-
search, the development of new remote sensing 
instrumentation and technology, its data archive, 
and the more than 400 journal articles citing the 
BAO over the last 40 years. How might the BAO 
and its resources have been better used, and could 
the BAO have somehow survived? Although the 
lack of sustained support was the primary cause 
for its decommissioning, there were other reasons 
for sunsetting this facility, including infrastructure 
age. Though the tower itself was structurally sound, 
components such as the passenger and instrument 
elevators were nearing the end of their life cycle and 
would require replacement at considerable cost.

The boom in housing and commercial development 
was impacting low-level atmospheric flow, making 
boundary layer measurements as they were originally 
envisioned no longer possible. Not all measurements 
would be negatively impacted by the encroachment. 

For example, changes in atmospheric chemistry and 
changes in the boundary layer meteorology with the 
transition from rural to urban land cover could have 
been quantified. In addition, continuous air sampling 
was one way to track the impact of the growing oil 
and gas exploration throughout the region. Similarly, 
ongoing long-term continuous surface radiation 
measurements, as pointed out by Dutton (1990), were 
deemed important to understanding climatologically 
significant changes in cloudiness (global dimming and 
brightening) that occur over decadal scales.

Many avenues were pursued to promote the BAO 
during its lifetime, including asking the research 
community for their support and drafting a docu-
ment to be sent to the National Science Foundation 
(NSF) requesting the BAO be considered a National 
Facility as proposed by Hall (1977). Support for 
the BAO throughout the research community was 
very strong, but only in terms of acknowledging its 
importance as a research facility. Funding by these 
same supporters was not available. Probably the big-
gest lesson learned was that no matter how useful the 
BAO was seen to be, it required more than just small 
individual research projects for support. In the early 
years many large, often international, research proj-
ects were conducted at the BAO. That pattern changed 
with a greater number of smaller projects replacing 
larger efforts with a corresponding reduction in core 
support for the facility.

Did the type of research that could be conducted 
at the BAO lead to its decommissioning? There is no 
evidence to suggest that this was the case, and in fact 
the ways in which the BAO was used continued to 
diversify. Even as the future of the BAO was being dis-
cussed research continued with the BAO serving as the 
centerpiece of FRAPPE (Pfister et al. 2017) and of XPIA 
(Lundquist et al. 2017) field programs. In hindsight 
everything possible was done to try to prolong the life 
of the BAO, but the resources needed to support it as a 
community facility were simply not available.
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Fig. 10. BAO tower, PISA, and NASA P-3 during the 
Discover-AQ FRAPPE field program 2014. (Photo: 
Dr. Andrew Langford, NOAA)
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APPENDIX: TOWER DATA
Tower (surface, 10, 100, 300 m)

•	 Start: 15 Jun 2007; end: 11 Jul 2016
•	 Surface precipitation, pressure, temperature (T), 

relative humidity (RH), wind speed, and wind 
direction

•	 f tp: // f tp1.esrl .noaa .gov/psd3/bao/Tower 
/Processed/monthly/

•	 f tp: // f tp1.esrl .noaa .gov/psd3/bao/Tower 
/Processed/daily/

300-m ozone (GMD)
•	 Start: 11 Jul 2008; end: 11 Jul 2016 ftp://ftp1.esrl 

.noaa.gov/psd3/bao/Tower/Ozone/Processed 
/monthly/

•	 ftp://ftp1.esrl.noaa.gov/psd3/bao/Tower/Ozone 
/Processed/daily/

•	 10-m ozone (GMD) (www.esrl .noaa .gov 
/ g m d /d v /d a t a / i n d e x . p h p ? p a r a m e t e r 
_name=Ozone&site=BAO)

TOWER SONIC DATA
Tower carriage sonic comparison

•	 Start: 13 Aug 2010; end: 4 Feb 2011
•	 ftp://ftp1.esrl.noaa.gov/../psd3/bao/Special-Data 

-Sets/SONIC_Comparison/data/
University of Massachusetts

•	 Start: 7 Aug 2007; end: 27 Aug 2007
•	 Start: 15 Dec 2007; end: 31 Dec 2007
•	 Start: 1 Jan 2008; end: 5 Aug 2008
•	 ftp://ftp1.esrl.noaa.gov/../psd3/bao/Special-Data 

-Sets/UMASS/Processed/
•	 Andreas Muschinski (www.nwra.com/people 

/235/)
FRAPPE

•	 Start: 31 Jul 2014; end: 8 Aug 2014 (on instrument 
carriage)

•	 ftp://ftp1.esrl.noaa.gov/../psd3/bao/Special-Data 
-Sets/FRAPPE/

XPIA
•	 Start: 1 Mar 2015; end: 25 Jun 2015
•	 DOE data archive and portal (https://a2e.energy 

.gov/auth/register)
°	 https://a2e.energy.gov/data/xpia/ecor.z01.00

NONTOWER DATASETS
Surface flux (near 10-m tower)

•	 Start: Oct 2010; end: Sep 2011
•	 Surface, 15-cm, and 10-cm subsurface T, and 

surface volume water content (%)
•	 ftp://ftp1.esrl.noaa.gov/../psd3/bao/Special-Data 

-Sets/SurfFlux/

University of Colorado (CU) 10-m flux tower
•	 Start: 26 Apr 2011; end: 26 May 2016
•	 ftp://ftp1.esrl.noaa.gov/../psd3/bao/Special-Data 

-Sets/CU/10mTower/
Web camera

•	 Start: 22 Nov 2009; end: 26 May 2016
•	 ftp://ftp1.esrl.noaa.gov/../psd3/bao/Web_Camera/

Sodar (monostatic ~2 KHz)
•	 Start: 6 Jul 2009; end: 22 Jul 2016
•	 ftp://ftp1.esrl.noaa.gov/psd3/bao/Tower/Sodar 

/Raw/
•	 ftp://ftp1.esrl.noaa.gov/psd3/bao/Tower/Sodar 

/Images/
Ceilometer (Vaisala CL31)

•	 Start: 12 May 2009; end: 17 Jul 2016
•	 ftp://ftp1.esrl.noaa.gov/psd3/bao/Ceilo/raw/

Radiometer (Radiometrics 1100)
•	 Start: 13 Feb 2014; end: 10 Feb 2015
•	 ftp://ftp1.esrl.noaa.gov/psd3/bao/Special-Data 

-Sets/Radiometer/MP-1100/raw/SCI/
GMD Tall Tower (carbon tracker)

•	 www.esrl.noaa.gov/gmd/ccgg/carbontracker/
GMD solar radiation (WMO BSRN)

•	 Start: Jan 1992; end: Jun 2016
•	 www.pangaea.de/ddi?request=bsrn/BSRNEvent 

&format=html&title=BSRN+Stations

APPENDIX: BAO DATA BROWSER
Data Browser main window (Fig. A1; www.esrl.noaa 
.gov/psd/technology/bao/browser/)

•	 Level
°	 Combined
	 Variable

·	 T/RH time series, wind speed/direction 
time series, histogram T/RH (monthly), 
ozone 300-m time series

°	 Surface
	 Variable

·	 Pressure and precipitation time series
·	 Ceilometer backscatter and cloud base 

(daily)
·	 Sodar backscatter (daily)

°	 10, 100, 300 m
	 Variable

·	 T/RH time series, wind speed/direction 
time series, wind rose (monthly)

• Year
°	 2007–16

• Month
°	 Jan–Dec
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ftp://ftp1.esrl.noaa.gov/psd3/bao/Tower/Processed/monthly/
ftp://ftp1.esrl.noaa.gov/psd3/bao/Tower/Processed/monthly/
ftp://ftp1.esrl.noaa.gov/psd3/bao/Tower/Processed/daily/
ftp://ftp1.esrl.noaa.gov/psd3/bao/Tower/Processed/daily/
ftp://ftp1.esrl.noaa.gov/psd3/bao/Tower/Ozone/Processed/monthly/
ftp://ftp1.esrl.noaa.gov/psd3/bao/Tower/Ozone/Processed/monthly/
ftp://ftp1.esrl.noaa.gov/psd3/bao/Tower/Ozone/Processed/monthly/
ftp://ftp1.esrl.noaa.gov/psd3/bao/Tower/Ozone/Processed/daily/
ftp://ftp1.esrl.noaa.gov/psd3/bao/Tower/Ozone/Processed/daily/
http://www.esrl.noaa.gov/gmd/dv/data/index.php?parameter_name=Ozone&site=BAO
http://www.esrl.noaa.gov/gmd/dv/data/index.php?parameter_name=Ozone&site=BAO
http://www.esrl.noaa.gov/gmd/dv/data/index.php?parameter_name=Ozone&site=BAO
ftp://ftp1.esrl.noaa.gov/../psd3/bao/Special-Data-Sets/SONIC_Comparison/data/
ftp://ftp1.esrl.noaa.gov/../psd3/bao/Special-Data-Sets/SONIC_Comparison/data/
ftp://ftp1.esrl.noaa.gov/../psd3/bao/Special-Data-Sets/UMASS/Processed/
ftp://ftp1.esrl.noaa.gov/../psd3/bao/Special-Data-Sets/UMASS/Processed/
http://www.nwra.com/people/235/
http://www.nwra.com/people/235/
ftp://ftp1.esrl.noaa.gov/../psd3/bao/Special-Data-Sets/FRAPPE/
ftp://ftp1.esrl.noaa.gov/../psd3/bao/Special-Data-Sets/FRAPPE/
https://a2e.energy.gov/auth/register
https://a2e.energy.gov/auth/register
https://a2e.energy.gov/data/xpia/ecor.z01.00
ftp://ftp1.esrl.noaa.gov/../psd3/bao/Special-Data-Sets/SurfFlux/
ftp://ftp1.esrl.noaa.gov/../psd3/bao/Special-Data-Sets/SurfFlux/
ftp://ftp1.esrl.noaa.gov/../psd3/bao/Special-Data-Sets/CU/10mTower/
ftp://ftp1.esrl.noaa.gov/../psd3/bao/Special-Data-Sets/CU/10mTower/
ftp://ftp1.esrl.noaa.gov/../psd3/bao/Web_Camera/
ftp://ftp1.esrl.noaa.gov/psd3/bao/Tower/Sodar/Raw/
ftp://ftp1.esrl.noaa.gov/psd3/bao/Tower/Sodar/Raw/
ftp://ftp1.esrl.noaa.gov/psd3/bao/Tower/Sodar/Images/
ftp://ftp1.esrl.noaa.gov/psd3/bao/Tower/Sodar/Images/
ftp://ftp1.esrl.noaa.gov/psd3/bao/Ceilo/raw/
ftp://ftp1.esrl.noaa.gov/psd3/bao/Special-Data-Sets/Radiometer/MP-1100/raw/SCI/
ftp://ftp1.esrl.noaa.gov/psd3/bao/Special-Data-Sets/Radiometer/MP-1100/raw/SCI/
http://www.esrl.noaa.gov/gmd/ccgg/carbontracker/
http://www.pangaea.de/ddi?request=bsrn/BSRNEvent&format=html&title=BSRN+Stations
http://www.pangaea.de/ddi?request=bsrn/BSRNEvent&format=html&title=BSRN+Stations
http://www.esrl.noaa.gov/psd/technology/bao/browser/
http://www.esrl.noaa.gov/psd/technology/bao/browser/
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