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{HE tower will rise 300 meters—
nearly a thousand feet—from a sec-
tion of farmland a few miles east of
Colorado. a tiny town among several
1g the northern fringe of Denver's mel-
itan area. From the freeways, the tower
have the vague, insubstantial look of
steel structures seen at a distance, ren-
1 interesting to the eye by a flash of
ft-waming lights that flicker like small
1ings at three levels on the structure. At
. the lights will automatically dim, to
me an unusual constellation upon the
int Colorado night.
sllar analogies are fitting here, for the
r wi' mark a watershed in a kind of
on_ al science that began in astron-
—rewote sensing, the ability to make
titative measurements from a distance.
smole sensing. The terrn may be less
a household word. but the techniques it
=sents are pervasively familiar. The
stical powers we admire in whales and
are remote sensing. When Mr. Spock
unces, ""Our sensors show a nitrogen
isphere similar to Earth's, Captain,” he
lking remote sensing. Historically, re-
: sensing is how we have tried to compre-
the distant or inaccessible comers of the
ical universe. fashioning telescopes to
the heavens for objects the eyes cannot
acoustic sounders to probe the light-
uring world of the sea. radio-frequency
'ms to read the invisible changes of the
sphere.
ow a small band of remote-sensing peo-
-specialists in wave and acoustic energet-
eiectronics, optics. and a host of other
ics-based skills—are turning their tech-
es toward the more accessible, but still
Jing reatm of the lower atmosphere. The
or will be a functional instrument enabling
1 to test their newly-developed remote
ors. It will also be a promise of accom-
iments to come. for it is a centerpiece
nd which will evolve many of the aimos-
ic s=~sors of the next decades.
odi iith the high plains settling toward
mer; e tower is beginning to take shape.
e concrete footings have been prepared
1e Erie site. Massive prefabricated steel
1bers have arrived at the site and are
g assembled into 30-foot (10-meter) sec-
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tions. Erection of the tower will start this
month, and should be completed by August.
1977. Then it will be instrumented to read
weather elements from the surface to the 300-
meter summit. and remote-sensing operations
will begin at the Boulder Atmospheric Ob-
servatory, or BAQ, as it is called.

The BAO, o be operated cooperatively by
the Wave Propagation Laboratory of
NCAA's Environmental Research Laborato-
ries and the National Center for Atmospheric
Research, will seem to be mainly the tower.
It has the characteristic triangular cross-sec-
tion of such towers, but is heavier and
stronger. It was designed to accept conditions
even an apocalyptic combination of Colorado
winds and winter weather can hand out—it
will withstand a wind loading of 65 pounds
per square foot, when sheathed in half an
inch of ice.

Inside the tower skeleton a personnel ele-
vator will crawl up a rack-and-pinion track,
like a cog railroad climbing a veniical grade.
An instrument carriage outside the tower will
also ride on a rack and pinion drive.

As operations begin at the BAO, strange-
looking electronic devices will begin to ap-
pear in the grassy section of land the facility
occupies: optical radars and their cannon-
esque telescope receivers, acouslic sounders
that utter their signals in high-pitched beeps,
radars of unparalleled sensitivity and ability,
sensors that listen, sensors that see, sensors
that probe with beams of light, or pulses of
sound, or radio waves. At times, they have
the look of swords beaten into plowshares—
weather-sensing radars using surplused Nike-
Hercules antenna dishes and trailers and mis-
cellaneous tracking gear. Like many hybrids,
they are unique.

The tower will be a vertical corridor of
precise, continuous measurements from the
ground to zlmost a thousand feet. The new
sensors will be tested against the tower, and
their evolution from their present hybrid form
1o the more polished systems industry can
produce will be partly driven by how well
they do in these comparisons.

Not all the sensors being tested at the
BAO will look upward from the ground. The
tower's column of accurate atmospheric
measurements will also attract occasional vis-
its by the versatile flying laboratories oper-
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ted by NOAA. NCAR. and perhaps other
miversities and research institutions from
round the country. For these. the BAO will
irovide the means of comparing in-flight
jeasurements made during fly-bys past the
pf  eaches of the tower with measure-
nef. .nade by sensors on the tower,

As the BAO evolves. the tower will be
sined by a 21,000-square-foot laboratory
wilding constructed by NCAR. which is
upported by the National Science Founda-
ion. The NCAR building will house 30 10 40
iermanent scientific personnel, and will com-
iete the BAO's physical plant, providing the
iational facility anticipated by its enthusiastic
roponents.

Chief among these. both in advocacy and
nthusiasm, is NOAA’s Dr. C. Gordon Liu-
le. who directs the Wave Propagation Labo-
atory in Boulder. To him. having the BAO
ip and operating will mark the end of one
ong trail—and the beginning of another.

“What the BAO gives us.” he says, in a
rgice that still carries the sound of northern
Ingland, *'is a well-instrumented cubic kilo-
neter of atmosphere in which we can meas-
ire weather conditions down to a very fine
cale of time and space.

*Qur primary use of the facility will be to
est and evaluate the new remote sensing
nstrumentation that appears to be at least
iart of the wave of the future in atmospheric
esearch. Secondly. the BAQ and its remote-
ensing instrumentation will provide a unique
ite for studies of processes in the lower
itme-nhere that still have not been thor-
m{\ sbserved—evaporation. precipitation.
urbuience, diffusion, air-pollution chemistry.
ind the like.

"But we also see the facility as being an
mportant national resource in the atmos-
heric sciences. We expect scientists from
niversities and other organizations to come
o Colorado to participate in the kind of
xperiments we will be able to conduct only
t this observatory. The interaction between
tmospheric scientists and remote sensing
pecialists should be exceptionaily strong.
¢ith many transfers of ideas and technologies
ceurring between the different disciplines.™

With the BAO developing into a technical
eality. its potential less than a year from
eing tapped. the solf-spoken NOAA scien-
ist has focused his autention farther into the
uture, where he foresees exciting possibili-
ies for improved weather services. For it is
ive. ten. fifteen years from now that he sees
emote sensing in general. and remote sensing
msed at the BAQ in particular. as having a
najor impact on the way we sense, analyze.
eport, and forecast local weather.

To understand this impact we have to look
it how weather is observed 1oday. Currently,
he only three-dimensional views of weather
iwe the periodic profiles written by radio-
ondes. the small balloonborne radio-
qqui- ~=d instrument payloads which sense
em Jdure, humidity, and pressure. and
vhicn can be tracked to obtain wind measure-
nents from the surface to about 100,000 feet
30 kilometers). These bafloons are launched
rom stations perhaps 400 kilometers apart,
wice a day. on a scale of time and space
vhich meteorologists call " synoptic.” a word

that says we are comprehending a subject by
viewing its principal parts in a general way.
The technique works well for the global at-
mosphere. and for continemzl weather; it is
also an important technical tradition in mete-
orology.

But the synoptic view inevitably fails to
observe or predict the smaller-scale weather
evenls that occur between these widely
spaced observations.

This is a key problem in meteorology. and
one on which progress comes very slowly.
The reason for this slowness is the extreme
difficullty of obtaining the large increase in
weather data required to describe. under-
stand, and predict small-scale weather phe-
nomena. Using radiosonde spacing as an ex-
ample. to take such profiles every 200
kilometers instead of every 400 requires a
fourfold increase in the number of stations.
and a twofold increase in the frequency of
observation at each location. The difficulty
lies in the eightfold Factor. Then, because
weather measurements are really measure-
ments of differences, the accuracy of the
measuring system must increase to detect
smaller and smaller differences—again, a ma-
jor problem. And then, with more measure-

"ments being taken more frequently, the time

available to analyze the increased amount of
data and shape it into a forecast is reduced.
once more complicating things. Each signifi-
cant descent to smaller scales of time and
space carries something like a tenfold in-
crease in complexity and cost. So progress is
made. but it comes slowly.

Meteorologists now include the effect of
the smaller scales by an averaging technique
called **parameterization,” which permits in-
clusion within synoptic scale predictions of
smaller-scale events using key terms instead
of full descriptions to represent those events.
There is no substitute for parameterization in
solving the massive problems of global and
continental meteorology. But the technique
inevitably averages out some atmospheric
processes that are important down at the
people-sized end of the weather spectrum.

For forecasters working the operational
shifts of the world's meteorological services,
the barrier in scale is a recurring nightmare.
They are able 1o use the radiosonde observa-
tions taken 400 kilometers apart. But their
interest goes down and down, to 200-kilome-
ter spacing. to 100. 50, 25, 10, 5, and—in the
case of airport weather—down to a kilometer
or two.

**There are at least seven octaves [factors
of two] in the spacing of current radiosonde
networks and the needs of airport meteorol-
ogy.” says Dr. Little. whose excitement over
the future of remote sensing and the BAO
derives from his belief that his laboratory can
do much to solve this problem of scale in
meteorology.

[ think we offer a complementary ap-
proach.” he explains by way of emphasizing
he is not leading a revolution against synoptic
meteorology or even presenting alternatives
to it. “"While meteorologists using conven-
tional in-place sensors work the upper end of
the scale. we will be explonng ways to meas-
ure the atmospheric mricroscale. where we're
dealing in terms of a Kilometer or two and

processes lasting a few minutes to an hour.
This is where current ground-based remote
sensors tend to do their best work.”

Success in measuring microscale events
remotely has been the major accomplishment
of the Wave Propagation Laboratory. which,
thus far in the 1970°s, has taken an entire
family of remote-sensing systems virtuaily
from hypothesis to operating hardware. The
laboratory has also begun to solve some of
the difficult side-problems of applying re-
mote-sensing technology to the atmosphere.
Doppler radar, for example. has the unique
ability to probe the interior wind fields of
clouds. But to do this, it must operate at a
data-acquisition rate that would blow fuses in
today's operational weather-observing sys-
tems. Further, the technology of remote sen-
sing as practiced in the Wave Propagation
Laboratory presses hard upon the threshold
of technical possibility—it is not merely ad-
vanced technology; it is figh technology. It is
to conventional weather instrumentation
roughly what the Concorde is to the DC-3.

And yet—the time for a meteoralogical
breakthrough of that magnitude may be at
hand. The National Weather Service and the
Environmental Research Laboratories are al-
ready discussing the Dopplerization of the
new weather surveillance radars that are
coming in to replace their less versatile prede-
cessors at weather stations around the coun-
try. Weathercasters seem to look forward to
using systems like AFOS (Automated Field
Observing System) and AWANS (Aviation
Weather and Notam System), both computer-
ized handlers of massive quantities of
weather data in tliny increments of time.
These new systems are what meteorologists
call four-dimensional, for they can move ob-
servations into the electronic pipeline any
time, and are not constrained to the more
traditional synoptic rhythms. Remote sensing
has a place here. Witness the FA A technician
in Atlanta talking about the experimental
AWANS there: “'This thing is great, but
what it really needs is another way of getting
data. [ mean, we should have a bunch of
remote sensors feeding the computer ail the
time. Then we could really get maximum use
out of something like this."”

Because of this growing emphasis on four-
dimensional systems, one also sees synoplic
rhythms begin to fade in projects like the
Global Awmospheric Research Program’s
First Global Experiment. In that experimen-
tal year of intensive weather-data gathering
over the earth's entire surface, there is em-
phasis on research-quality synoptic measure-
ments—and parallel emphasis on what is
called four-dimensional data assimilation, the
fourth dimension being time. Remote sensors
that work conlinuously or almost continu-
ously, most of them aboard earth-orbiting
satellites. have pointed up the fact that to-
day's technology does not require everyone
to take the same observation at the same
instant over the planet’s surface. Computers
can work out such temporal details. Better. if
technology can develop systems capable of
handling such 2 torrent of weather data. to
take data continuously and develop the ability
10 spin out reports and forecasts at any point
in the flow of time.



shnigques like four-dimensional data as-
tfon are one way the synoptic meteoro-
J system can force progress to smaller
i of weather. And at the moment. it is to
levelopment of such techniques that
of** ~ available metevrological support
ad! 3

is means that while the world may make
1 to your door for a better mousetrap. it
ot for a better way of observing small-
weather—not, at least, uniess you help
he path-making.

Little understands that an experimental
e sensor operating in a Colorado wheat-
is not ready to be assimilated by the
tional weather-observing apparatus.
understand that the kind of technology
:msors require can be very difficult for
average technician to use,” he says.
ilso understand that our microscale data
2 very hard to use operationally. at least
ngs stand today. Still. { believe we can
p systems through the BAO that will
lement the synoptic observations, and
ps relieve some of the pressure on con-
nal meteorological tools to operate at
:r and smaller scales™.

: BAQO will be the first step in a program
at meeting conventional meteorological
ving techniques somewhere around

Dr. Little calls the “true mesoscale™—
s about 100 kilometers on a side.
t the BAOQ.” he says. "we'll begin by
wping our abilities to observe and pre-
‘eather at what we're calling the airpor
rban scales—roughly 10 kilometers and
ilo; rs on a side. respectively. The
58l aere would be first 1o perfect our

to monitor, display. and describe the
of the atmosphere around us. Then.
this ability continuously to express the
it state of local weather conditions over
ea. we would work with the National
ier Service to help them use this capa-
in the preparation of improved short-
ocal forecasts. However, because our
zly sensed data exist on such a small
~e could forecast only for periods of an
or two. though these detailed. short-
‘orecasts would. of course. be comple-
d by the standard. longer-range fore-
of the National Weather Service.™
three to five years he would expect
A could have a research prototype of
1 system working at the BAO., making
:r's the best observed and forecast met-
an atmosphere in the world.

next step would be to the true mesos-
where the earth’s curvature makes it
ary to install arrays of remote sensors.
ittle sees another five years to proto-
wstallations of this type.

some ways™'. he points out. “"the
that inhibit progress going from [arger
dler scales work for us when we go the
way. Notice that when you want to
se meteorological processes you need
th me number of data points. re-
5% L .e size—you need about as many
vints (o describe a thunderstorm us you
Jescribe o hurnicane.
vif you begin. as we are. at the micros-
aking data of very high accuracy every
1 ur two, and then go up to the larger
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scales, you find your life getting easier. The
time available for your meusurements ex-
pinds instead of contracting. The phenomena
you're meusuring are larger and tend to last
longer. You don’t need the accuracies re-
quired at the airport scale. | don’t want 1o say
it's the difference between climbing up and
walking down. But it iv like first assaulting a
rather difficuit cliff, and then having an easier
time walking on the plateau above.™

In the conventional wisdom, the economics
of remote sensing are viewed as an important
part of that hypothetical cliff. Remote sensors
of the type being developed by the Wave
Propagation Laboratory are many times more
costly than, for example, the tiny radiosonde
transmitters and their balloons. On the other
hand. remote sensors have a sensitivity and
data rate that could fill a need that has gone
unfilled thus far. ** An airport is an expensive
place, especially when you have an acci-
dent.”” Dr. Little notes. **| understand that
the law suits associated with the Eastern
Airlines crash at Kennedy Airport in June
1975 now total over $1 billion. | think our
systems would be affordable at airports. At
the urban scale—and urban implies something
the size of Denver or Washington, D.C.—-we
have a lot of people who need a better view
of local. short-term weather and air quality. [
think we could be cost-effective there as well.
At the mesoscale in densely populated re-
gions we're talking about millions of people,
and. again. it seems to me the arrays of
remole sensors become affordabie for that
many consumers of weather information.™

There is a kind of proof of affordability in
the laboratory’s experience: where a remote
sensor has reuched u point where it can be
applied operationally. it has found an inter-
asted clientele.

Acoustic remote sensing is a case in point.

In 1969. Dr. Little told an interviewer that
as his organization (then one of the Environ-
mental Science Services Administration’s Re-
search Laboratories) moved into the remote
sensing area they were exploring the possibili-
ties of electromagnetic waves (radio, light.
infrared}—and adding aconstic sensing to the
picture. As development of this innovative
acoustic approach went forward. according to
Dr. Freeman Hall. who leads the labora-
tory’s acoustic program and is directing BAO
construction for NOAA, it soon bepan to
draw interest from outside the government.
*Back in 1972, Dr. Hall remembers. *we
held a conference on acoustic sounders and
what they could do. One of the attendees
thought sounders looked like something his
company might want to manufacture. and
they began putting one out. Now they're the
principil supplier of these units™. About 150
of the sounders produced by private industry
have been sold. In four smelting plants in the
American northwest, acoustic sounders tell
plant managers when atmospheric conditions
are right for smelting—and when they are
such that the plant should shut down. or
modify operations. Highway departments are
using acoustic sounders to determine whether
new routes will encounter persistent. pollu-
tion-concentrating atmospheric conditions,
Lumber mills use acoustic sounders to deter-
mine when slash burning will not cause low-

level air pollution. " It's a very good example
of technology trinsfer’”. says Dr. Hall,

Technology transfer determines where re-
mote sensors go when they grow up.

Another family of acoustic sensors—a
Doppler acoustic sounding system that can
detect velocities and altitudes of wind shear
above an airpori—was developed by the labo-
ratory with suppont from the Federal Avia-
tion Administration. It is a large system.
requiring great hom-shaped listening untennas
in buried bunkers, a minicomputer, and other
expensive gear, and for a while there was
some question as to how important real-time
wind shear information really was to aviation.

Then the 1975 crash at New York's John
F. Kennedy International Airport made wind
shear, always a familiar hazard 10 pilots, an
aviation hazard everyone knew something
about. Another jetliner crash al Denver's
Stapleton [ntermational later in the year rein-
forced the point. The acoustic wind shear
detector became more than an interesting
technical development—it became a4 way 1o
save lives and property at an airport. That
technology. along with some other remote
sensing techniques from Boulder. is now in
the process of transferring 10 the world of
aviation safety,

“The fuct is.”” Dr. Little explains, **at this
time we have more other-agency support than
NOAA support for these devices. | think
part of this at leist comes from our former
Central Radio Propugation Laboratory con-
nection. (The Central Radio Propagation
Laboratory, which Dr. Litile directed. was
one of three major elements combined in 1965
to form NOAA's predecessor agency. the
Environmental Science Services Administra-
tion). While the CRPL background enabled
us to bring new remote-sensing talent and
experience into meteorology. it worked the
other way too. We're also viewed as meleor-
ological arrivistes: we don’t really speak the
language. and it's difficult to bridge between
what we do and the operational world of
meteorology. But if NOAA is to make maxi-
mum progress toward weather reporting and
prediction at these small scales, it is abso-
lutely essential that we develop a joint Wave
Propagation Laboriutory—Nativnal Weather
Service program to exploit the advantages of
remote sensing for the monitoring and fore-
casting of local weather conditions.

It may be that people think of remote
sensing as a new concept. but it isn’t at all. |
began in radio astronomy, he explains. refer-
ring 1o his graduate days at the University of
Manchester, “which is reafly remote sensing,
Then [ went to remote sensing of the upper
atmosphere and ionusphere. which we sensed
remotely because we couldn’t get there to
measure things in place. Now we're in 4 more
accessible part of the environment. not he-
cause remote sensing is the only way 1o
meuasure events there, but because it permits
us to measure events there extremely well.”

For the coming decade. his laboratory’s
remote sensors will be doing what they do so
well ut the Boulder Atmospherie Observatoy
near Erie. so that those twenty-first century
weathermen will have the Kind of 1ouls
they Il need 10 do the kind of jobs they'll have
to do. o
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NOAA INSTRUMENTATION AT THIE BOULDER ATMUSPHLRIC GRS1TRVATORY

J. C. Kaimal

j KOAA/ERL/Wave Propagation Laboratory
Boulder, Colorade 80302

I }
1. INTRODUCTION '

The Boulder Atmospheric Obscrvatory
(BAD) is a new research lacility operated jointly
by the Wave Propagation Laboratory of NOAA and
the Naticnal Center for Atmospheric Rescarch
(NCAR), Tt is located 20 km east of Boulder
(sce Fig. 1} on gently rolling terrain, Installa-
tions at the sitc include an instrumented 300 m
tower, 3 variety of remote sensors, and a
highly interactive computer systcm controlling
the acquisition and processing of data. The in-
situ and vemotc sensors installed at the site by
NDAA arc designed to pravide basic data for
atmospheric studies and testing of other atmos-
pheric sensors. These data will be archived for
futurc usc and will be made available to the
scientific community. For major cxperiments’ these
standard measurements will be augmented through
the deployment of NCAR's Portable Automated
Mesonet (PAM) system and instrumented aircraft,
extending the range of the tower measurcments
over wider horizontal and vertical scales.
.Other instruments will be operated for specifie
periods to mcet the needs of in-house and visit-
ying scientists. ;
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Figure 1. Map showing the location of the
Boulder Atmonpherie Obacrountory (RAG) with
recpect to Roulder, Colonwde, and the Rocky
Mountains.

This paper will describe the standard
instrumentation at the BAD sitc and discuss
briefly the sampling considerations and process-
ing techniques used to minimize tape storage
requirements.

2f TOWER INSTRUMENTATION

The tower is a guyed, open-lattice
structurc of galvanized steel, with three legs
spacced 3 m apart. A two-man clevator inside
the tower provides access to the eight instru-
mentation Jevels while a moving carriage on
the southwest face permits continuous profil-
ing or fixed level operation at any desired
height. DNetails of the tower design have been
given by Hall (1977).

The standard instrumcntation levels
on the tower arc distributed lincarly with
height, except for the two lowest levels (sce
Fig. 2). A1l levels have identical instru-
mentation; two booms are available at each
Jevel for switching sensors so that the data
arc not comprumised by unexpected changes in
wind pattern. Special scnsor mounits permit
quick transfer of all prohes from onc boom to the
other. Prevailing winds at the sitc are from the
southeast during the summer and from the north-
wost during the winter. At the very least the
sensors will have to be moved twice a year to
linsure proper ecxpasurc.

|
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\Figure 2. Schomtic of the instrurcnted level
' on the touer and parametevs mecaurcd at BAO.
!
The hooms are specially desipgned for

convenience of handling and casy access to the
sonsors for servicinpg. Each consists of a 4-m
teloscoping bonm (R. M. Young model 35260-12A)
*attached to a hinged support with fine adjustments



for leveling. Tf the lateral support member is (Knimal et al., 1974; Mitsuta, 1074) arc not

loosencd (see Fig. 3), the entirc boom can he suitable for unattended operation on tall

ewmg toward onc face of the tower and Tetracted towers since they require periodic reoricntation
o bring the sensars within casy reach of the into the wind to accommndate changes in wind

platform, direction. They offer unobstructed exposure for

. the acoustic paths, but only over a limited
: azimuth range. However, this new configuration
has its own limitations. The larger separation
between the vertical path and the horizontal
paths has the effect of lowering the high-fre-
quency response in the Reynolds stress cospectra.
An undercstimation in the 10-m stress is ex-
. pected hut little, if any, crrov shonld occur
Laleral at the higher levels. Another limitation (in-
" Suppor! herent in any fixed array) is the underestima-
tion caused by the blocking effect of the upwind
transducer witen the wind blows directly along
onc of the horizontal axes. Corrcction for this
velocity defect is made in the data processing
software with a first degree approximation to
the wind direction.

_ Telescoping Boom
Y —{For Narth Exposure)

The sonic ancmometer probes used at BAO

- - r .inelude two-axis probes made by EGRG (model 198-2)
5“1?;“ | and by Ball Brothers Research Corporation (model
éfgu;cgg ' 125-198), and onc-axis probes, all made by Ball
Rrothers Resenrch Corparation (modet 125-197).
- ; The probe elcctranics are of the TGAG (moded
Telescoping Boom ™ ',"‘ 198-3) type; the computer interface unit (Kaimal
{for Soulh Expasure) . et ol., 1974) was oripinally develaped at the Aldr
Force Cambridpge Research Laboratories for their
boundary layer rekearch. The probe clectronics
' g located on the tower fire the transmitters on
. receipt of a signal from the interface unit and
. ' select the proper triggering point on the wave-
Figure 3. Plan view of an instrumented level form picked up by the receivers. Coaxial cables
on the tower showing the dual beom eonfi- connect the probe clectronics to the computer
guration in relationship to tha boom on the interface circuit in the van at the base of the
movable carriage. ! tower. The latter contains the timing circuits
. needed to fire the transmitters and the counters,
The standard measurements on the tower and holding registers to measure the interval
| are listed in Fig, 2. A three-axis sonic anc- time hetween pulses arriving at the reccivers,
| mometer mcasures wind vclocity along three To insure proper synchromization in datn sampl-
orthoponal directions. This particular con- ing, the transmitters at all levels are fired
' figuration provides a wider azimuth coverage simultancously at a 200 Hz rate. The actual
for both the vertical component probe and the sampling rate for thesc and other fast response
fast-responsc temperature sensor nestled in sensors is 10 Hiz, so cach sample is an average of
it {see Fig. 4). Non-orthogonal arrays of the 20 successive transmissions. This block-averaging
1 type used in past surface layer measurements is provided to minimize aliasing effects in

: spcctral computations.
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Figure 4. - fkatch ahouwing rctractable hoom wid. arrangement of sencors on ti.



+ Research Corporation (medel BLR).

Fluctuating temperature is measured by
a platinum wire thermomcter (Atmospheric Instru-
mentation Hescarch, model DTIA) specially engi-
1cered for usc with the vertical sonic probe.
1ts frequency responsc very closcly matches the
path-averaged response of. the sopic wind measure-
ments. The scnsor consists of a simple bridge
circuit with a length of I2-u platinum wire
(nominally J50Q at 20°C) on one leg. The wire is
wound on a hclical bobbin of the author's design
attached to the end of a 10-¢m Tod (see Fig. 4).
The mechanical support provided by the bobbin
adds considerably to the useful life of the wire
without affecting its frequency response in the
0-5 Itz range. Unless hit by debris or exposed to
freezing rain, the wire will last for days if
not wecks.

The low-noise, low-drift clectronic
circuitry in the tempcrature probe has an output
range of * 10 v corrcsponding to a temperature
range of ¢ 50°C. The wide temperature range
makes range switching unnccessary, but shifts the
burden of performance to the multiplexer and
A/D converter. A 15-bit A/D converter should
provide more than adequate resolution in the
temperature fluctuation measurcments.

An attractive feature of this circuit
is its simple calibration schemec which adjusts
for probe-to-probe variations in wirc resistance
and insures proper relative calibration in the
output signai. The data acquisition software
uses the observed mean temperaturc reading at
that level to .correct for the nonlincarity in the
platinum temperature-resistance curve.

The Lyman-Alpha humidiometer shown
in Fig. 4 rcpresents a modificd version of the
commercial device made by Clectro Magnetic
Plans are
underway to develop a more compact probe with
better exposure of the sampling volume to the
girflow, Mean temperature and dew point mea-
surcments made at each tower level arc used by
the data acquisition software to keep the
humidiometer in calibration as its sensitivity
changes through aging and contamination of the
windows.

The other two sensors on the boom
are slow-response devices for measuring mean
temperature and mean dew point. A Hewlett
Packard quartz thcrmomcter {model 2850A) housecd
in an R. M. Young aspirated shield (modcl 43404)
mecasurcs the temperature. An absolute accuracy
of + 0.005°C is maintained by using a single
reference oscillator for the probes at all levels,
by periodically calibrating all probes at the
same time in a precision temperature bath, and
by using that infermation to scale the readings
at each level. The dew point is measured with
a Cambridge Systems hygrometer (model 110-5M),
calibrated in the wanner prescribed Ly the manu-
facturer. On top of the tower, attached to a
vertical mast, is mounted an Lppley pyrheliom-
eter for measuring incoming snlar radiation.
The outputs of these scnsors are sampled once a
second by the datn acquisition system, Signals
*rom all sensors on the tower are tromsmitted
to the data acquisition system through cables

installed in conduits an the tower. Additionnl
signal cables and power outlets ave provided at
each level to accommodate visitor cquipment.

The boom on the carriage is designed
to handle the full complement of standard level
instrumentation. The carriage can take loads
up to 1200 kg so that a large mumber of other
sensors may be added at a later date. For
convenicnce of data transmission all sensors
on the carriage yield analog outputs. Trans-
mission of the signals to the data acquisition
system is handled through a cable and trulley
arrangement which connects to a terminal box
at the 150 m level. The carriage sensors arc
sampled by the same multiplexer used for sampling
all other analop sensors on the tower. As new
sensors arte added, alternate telcmetry sysiems
will be used. For the present, however, the
direct cable link offers the simplest means
for sampling the fast-responsc channels on the
carriage.

3. GROUND-BASED SENSORS
These fall into two categories:

(1.) In-gitu cenmsors measuring atmospheric
pressure, rainfall, net radiation, and soil heat
flux. The raingauge, net radiometer, and soil
flux plates are located at a spot removed from
the tower and other structurcs at the site.

The barograph for measuring absolute atmospheric
pressure is installed in the signal processing
van. In addition, a spatial array of cight
microbarographs distributed over a 2 km radius
around the towcr senses small pressure fluctua-
tions sipnaling the advance of gust fronts and
gravity waves (llooke et al., 1973). Signals
from all these scnsors arc sampled once per
second by the analog multiplexer.

(2.) Hemote sensorg such as the laser triangle,
the FM-CW Toppler radar, and the acoustic sounder.
These remote probes, developed at the Wave Propa-
gation Laboratery in recent years, measure
poramcters that complement the in-situ measure-
ments on the tawer. The laser triangle consists
of three crosswind ancmomcters (Lawrence ct al.,
1972) spanning the distance between the outer

guy wire anchor peints. Instantancous measure-
ments of wind convergence at the base of the
tower arc computcd from the average cross winds
measured along the three legs of the triangle.

The FM-CW Doppler radar {Chadwick et al., 1976)
measurcs winds to hecights up to 1 km in clear

air and oporates continuously in an unattended
mode. The meazurcments arve not degrnded by

clouds or precipitation. The three acoustic
sounders, one at ecach corner of the laser triangle,
document the heiphts of the boundary layer, the
presence of convective plumes, and stably strati-
ficd layers. Onc of the sounders will have
bistatic Doppler wind semsing capability through
the addition of two fan-beam transmitters.

In addition to thesc remotc probes
other WPL devices (e.p., passive microwave
radiometers, infrared Boppler tidars, optical
heat flux sensors, pulse dual-Doppler radars)
will be operated at the RBAO as needed.  Also,



new techniques, as they ave developed, will be
tested apainst the in-situ measurcments on the
tower. Arrangements will he made for intercom-

arison of tuvmote sensors developed in-house and

by visiting groups.

a. DATA ACQUISITION AND RECORDING

A digital computer at the BAD site
controls data acquisition from the tower and
ground-based sensors.
logical Obscrvation System (MMOS), which per-

formed the data handling in past boundary layer

experiments (Haugen et al., 1971; Raimal] ct al.
1976), §s now used for this purpose. A new
system built around NCAR's PDP 11/34 computer
will soon take over the data acquisition and
recording functions. This system is in 2 tem-
porary building about 600 m southwecst of the
tower (see Fig. 2). The system will be housed
in more permanent quarters when NCAR's Field
Obscrvation Facility moves to the BAQ site.
Underground cables link the computer to the
signal processing circuits at the base of the
tower.

The sequence of data handling opera-
tions is shown schematically in Fig. §. This

The Mobile Micrometeoro-

scquence may undergo mpodification as our require-

ments evolve., Nevertheless, the block diagram
highlights our basic approach to data storage.
It was clear from the outsct that recording of
all sampled data (fast-response data at 10 llz
and slow-response data at 1 1lz) would place an
.ungecceptable burden on the BAD operation,

The problem of retaining all relevant informa-

ion in the bandwidth of our measurcments,

,operating on a continuous mode, is solved by

I

storing the high-frequency information in the
form of smoothed spectrnl and caspeetral esti-
mates and the lew-frequency information as time
series. The high-frequency data are nceded for
computing dissipation rates (€) and temperature

structure parsmeters (CT) at the different heights

and for a wide range of studies where the
inertial subranpe behavior of various parameters
is of interest. A 1024-pt fast-Fourier transform
(FFT) spectrum is computed every 2 min. Succes-
sive spectra obtained over a 20 min period arc
first averaged in time and then block averaged
over non-overlapping frequency intervals (the
first few estimates excluded) to provide a
roughly cqual spacing of center frequencies

on a logarithmic plot, A density of approxi-
mately 10 frequency blocks per decade (shown
schematically in Fig. 6) provides a smooth
fnertial subrange spectrum with more than ade-
quate resolution (Kaimal et al., 1972}. 'Thus
the high-frequency information in each 20 min
period (synchronized with the line-printer
output of data summary) is compressed to rouphly
‘24 data words per channel.

The low-frequency information is
contained in two parallel time series. For
computations of the low-{requency portion of
the spectra, the original 10 Nz data are block-
averaged in 10 sec (100-pt) non-overlapping
blocks. The block averaging reduces aliasing and
confines the mismatch with the real-time high-
frequency spectrum to the region of overlap (0.0l
to 0.05 Hz). In reconstructing the entire
spectrum only spectral estimates below 0.01 Hi
are used, while the entire bandwidth of the
real-time spectrum is rctained.
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logarithmic apecirwn and tha onsael of the
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The other time scrics rccorded is

a prab sample every 10 secc (last sample in each
10 sec biock). This time serics contains the
turbulence information neceded to compute vari-
~nces, fluxes, third moments and other turbu-

nce parameters. Important high-{requency
informatien is lost in the block-averaging,
which renders the first time scries uscless for
turbulence calculations. Haugen's (1978) anal-
yses show that the crrors in estimates of vari-
ances and fluxes with thcsce 10 sec grab samples
arc of the same order as the deviations from the
ensemble average determincd by the propertics of

the turbulent flow (Wyngaard, 1973]}.

Typical spectra for unstable and
stable stratifications are shown in Fig. 6 to
illustrate the approximate range covered by the
high frequency spectrum. The daytime spectral

pesnk, no corresponds roughly to a wavelength

cqual to 1.5zi (Kaimal et al., 1976) over flat

terrain, where z, is the height of the lowest
inversicn base. “Also, for heights above O.Izi,
the onsct of the -5/3 repion in the spectrum
(seen as a -2/3 slope in the leogarithmic spec-
tral vepresentation}, indicated hy n, in Fig. 6,
corresponds to a wavelength equal to 0.)z..
Under typical daytime comditions at the BRO. the
real-time velocity spectrum above 100 m should
have much of its -5/3 region coverad by the
high-frequency spectrum,  The relationships for
the stable spectra above 22 m have yet to be
established but preliminavy indications are that
n_will fall roughly in the region wheve the low
and hiph f{requency spectra overlap.

The 1 scc samples from the slow-
apronse sensors are also averaged in 10 see
pnon-overlapping blocks,  Included in this slow-

response” category, besides the meun profile

_sensors on the tower, are most of the pround-

hased scusers at the site.  The acoustic sounder
and FM-CW radar outputs, vhich do not lend
themselves to the same treatment as the other
outputs, are the exceptions. Their outputs arc
not currently included in the archived tape.

In addition to the recordings on
magnetic tape, hard copy outputs are availahle on
the line printer every 20 min Visting such param-
eters as means, variances, fluxes, third moments,
dissipation rates, structure paramcters,
Richardson number and z/L. These outputs serve as
a quick summary of meteorological conditions for
observational periods on hand, but even more
important, they arc useful for monitoring scnsor
performance during experiments. All the data
from the sensors (see Fig. 5) are used in the
real-time cowputations for the line printer out-
put.

Non-standard data from special scnsors
and from visitor equipment installed for the
duiration of an expeviment will be recorded not
on the avchived tape, but on a scparate magnetic
tape., It should bc pointed out that the system
design permits parallel recordings of non-
standard sensors as well as other groupings of
data from the standard sensors.  During cpisodes
of concentrated data gathering all the sampled
data may be recorded.

S. FUTURE PLANS

Several experiments have becn scheduled
at the BAO for thec coming year. They range
from small experiments verifying ncw sensor
performance against routine tower data to two
larpe coaperative boundary Jayer cxperiments
involving other agencies and university groups.
A site evaluation experiment in April will
determince how well the boundary layer at the BAD
site approximates houndary layers over flat
homogencous terrain., NCAR's aiveraft and I'AM
systen will be in operation at the site for the
duriation of the experiment. In August a more
ambitious boundary layer experiment utilizing
several dual-Doppler radars and radiosondes in
addition to the aireraft and PAM systems will
attcmpt to stwdy the evolution of the planctary
boundary layer and the role played by the boundary
layer in the initiation, development, and mainte-
nance of convective storms.

As schedules for futurc experiments
are heing drawn up, steps are heing taken to link
the BAD data acquisition system to n larper
compnter system at the Wave Fropapation Labora-
tory in Boulder. This lavper system, desipned
around KCAR's PP 11/70 computer, will have '
wulti-user terminals where scveral scicntists
con perform a nuwber of independent computations
and analyses of recent data stored in dise memory.
The two computer systems arc wmarhed Station A
and Station B in Fig., 7. When the two stations
are linked by dedicated phone. lines all standard
Jdata will be transmitted to Station B for
Yarchiving, Fventually, as the link to NCAR's
‘computing facility is also established, the BAD
data will be accessible to an even wider proup
of users throogh terminnls at HCAR md phone
links to other cowputers acress the country.
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Remote sensing of the atmosphere by
optical, acoustical, or radar means is
becoming increasingly important in
the meteorological community. Yet
those of us in remote-sensing
development are frequently asked
the question, “*How do you know
your interpretation of the probing
wave interactions with the atmos-
phere is correct?'’ Indeed, providing
the independent verification of
remote sensor performance has
always been a challenge.

For the past ten years, the NOAA
Wave Propagation Laboratory at
Boulder, whose mission is remote-
sensor development, has operated an
instumented 150-m tall tower at

I]r"‘"’"‘l !"T

Figure 1. Artist’s concept of the Boulder
Atmospheric Observatory tower, located 25
km from the Rocky Mountain foothills.

Haswell, Colorado, in the southeast
corner of the state. Many short-term
but definitive atmospheric remote-
sensing experiments have been con-
ducted at this site. By 1969 we were
aware of the limitations of the Has-
well site because of the travel ex-
pense in operating so far from the
home laboratory, because its
intermittent use did not justify sig-
nificant improvements in the in-
strumentation there, and because of
the limited tower height. During the
past four years we have been working
hard to define the requirements for
an improved tower and site and to
obtain the monetary support to build
such a facility. Now in 1977 we are
constructing the tower. The purpose
of this paper is to familiarize the
optical community with the tower, its
instrumentation, and its potential
impact on atmospheric remote
sensing. Possibly you, the reader,
have in mind some atmospheric tests
or experiments you would like to
conduct at the site or use the tower
instrumentation to support. The
procedure for accomplishing such
tests will be described.

THE TOWER STRUCTURE

The Boulder tower will be a guyed,
open-lattice design 300 m tall. The
structure will be galvanized steel
with the three legs spaced 3 m apart.
Flashing strobe lights will operate
night and day to warn low-flying air-
craft of the tower presence. A
two-man elevator, internal to the
tower, will allow access to the eight
instrumentation levels while a mov-
able carriage on one face of the tower
provides for profiling or an inter-
mediate platform between the fixed
levels for sensing instruments. An
artist’s concept of the tower, showing
these features and the general ap-
pearance of the facility, is illustrated
in Fig. 1. The site is some 25 km
from the nearest foothills of the
Rocky Mountains so that the
planetary boundary layer will be
largely unaffected by the Rockies,
except when strong downslope winds
sweep ovet the prairie to the east of
the mountains. The 300-m height of

the tower will ensure that the
instruments extend above the noc-
turnal planetary boundary layer
most of the time during all seasons.
As the boundary layer depth is in-
creased by convective mixing during
the daytime, the capping inversion
typically found at the top of the
boundary tayer will lift past the tower
top by mid-morning. By afternoon
the boundary layer may be one or
two kilometers deep, so that it is not
feasible to build any tower tall
enough to sample this turbulent
region continually. The planned
300-m tower is designed to allow ex-
tension to 500-m should the necessity
for doing this be strongly apparent
and the funding identified.

The location of the tower close to
the mountains requires that special
care be given to its design to with-
stand the winds and occasional icing
conditions that can occur. The
specification used was devised by the
Electronic Industries Association
and calls for the tower to withstand a

Figure 2. Drilling lor the tower foundation  —
piers, November, 1976.



wind loading of 3123 Nm™? with 1.3
cm of radial ice on all members. At
the altitude of Boulder, this is
equivalent to a wind speed of 77
ms™!. Safety factors of 2.5 were used
in designing the tower structural
members and guys.

The tower foundations must
support not only the dead weight of
the tower but also the pull-down ten-
sion of the guys. This required three

concrete piers under the foundation
cap, each pier 1.5 m in diameter and
17 m deep. Figure 2 shows the drill-
ing rig on the site in November, 1976
preparing the holes for the founda-
tion.

One of the operational goals was
to place the tower close enough to the
atmospheric sciences community in
Boulder to keep the travel time from
town less than 30 minutes. This was

=~ Figure 3. Details of an instrument level, showing the efevator landing platform, instrument boom,

and external carriage.

achieved when we identified an un-
developed section of land in Weld
County, two miles east of the town of
Erie, which was available for lease
from the Colorado State Land Com-
mission. The terrain is gently rolling
prairie overlaying the Boulder-Weld
Counties coal field. Many of the sur-
rounding sections of land have been
undermined during the past 80
years, and an operating mine is still
worked on the adjoining section of
land. Fortunately, we were able to
locate a block upthrust or horst area
which had not been undermined,
wide enough to accommodate the
tower guys. Coal deposits are gen-
erally thinner in such horst regions,
explaining the lack of mining. Be-
cause the surrounding land is subject
to subsidence over the old mines,
there is little danger in future years
of housing or commercial develop-
ments that might interfere with the
low-level airflow past the tower.
Most of the surrounding land is now
used in alternate-strip, dry-land
wheat farming.

Besides the NOAA investment in
the tower and much of the instru-
mentation to be placed on and
around it, the National Center for
Atmospheric Reseasrch (NCAR),
also located in Boulder, plans to
move its Field Observing Facility to
the site sometime in the future. The
combined operation will be known as
the Boulder Atmospheric Observa-
tory. Through NCAR, we hope that
many of the university groups in the
atmospheric sciences will participate
in experiments at the site.

INSTRUMENTATION )
ON THE TOWER

Prevailing winds at the tower site are
from the southeast during the sum-
mer months and from the northwest
during winter. For this reason, the
tower instrumentation will be located
on booms which can be extended Sm
from the tower to measure winds op-
timally from either the summer or
winter prevailing direction. Instru-
ments will probably need to be



moved twice a year to ensure proper
exposure. Figure 3 is a blow-up of
the earlier illustration to show one of
the instrumentation levels. The ele-
vator will stop at the steel grating
platforms to allow access to the in-
struments. The booms can be
cranked inward for instrument
calibration and servicing, then re-
positioned away from the tower so as
to reduce the effects of the structure
on measurement accuracy. The
booms will be located at 10, 20, 50,
100, 150, 200, 250, and 300 m
heights. At each level we will have
three-axis sonic anemometers, which
can measure the three components of
the wind independently twenty times
per second. Conventional cup or pro-
peller anemometers may be located
at several levels for independent,
average wind-speed measurement.
Fast-response, platinum resistance
thermometers will be colocated with
the sonics to provide 10-Hz band-
width temperature measurements.
Slower response quartz crystal ther-
mometers will provide averaged tem-
peratures accurate to within 0.01 K.

A dewpoint hygrometer will be the
standard humidity measuring instru-
ment at each level with averaging
times of several seconds for each
reading. Lyman-« humidiometers
will be added later to take advantage
of the much faster response of these
optical instruments, Pyroheliometers
will be located at the base and the
top of the tower to measure boun-
dary-layer turbidity influence on
solar flux.

The instrument carriage will be
capable of handling loads of 1200
kilograms so that even the largest
aerosol impactors or spectrometers
can be profiled through the
boundary layer. To avoid the neces-
sity of trailing wires, we plan to tele-
meter the data from the carriage,
probably utilizing an optical link for
this purpose. At times, we may lo-
cate several three-axis sonic ane-
mometers on the carriage together
with high-frequency temperature
and humidity instruments, thus re-
quiring a communication bandwidth

of a megahertz or more. We are now
working out details of the carriage
instrumentation and telemetry.

Several remote sensors will also
operate routinely at the tower. Sur-
rounding the tower base will be a tri-
angle of laser beams to measure the
transverse wind across each leg of the
triangle.! With the three indepen-
dent transverse measurements we
will be able to determine the wind
convergence at the tower base. A
typical instrument for such measure-
ments is shown in Fig. 4, Three
acoustic sounders, one at each cor-
ner of the laser triangle, will docu-
ment the heights of the boundary
layer and the presence of convective
plumes or the occurrence of stably
stratified layers. Sensitive micro-
barographs will also aid in the inter-
pretation of gravity waves in the
atmosphere propagating across the
site,?

DATA ACQUISITION
AND PROCESSING

The tower instrumentation, the laser
triangle, and the microbarographs

will be under the control of a digital
computer housed at the base of the
tower. The carriage telemetry receiv-
er and the other instruments will be
hard-wired to the computer through
analog-to-digital converters with
data being recorded on seven-track
digital tapes. An XDS 920 computer,
which has demonstrated its versatil-
ity through many years of field ex-
periments, will be used initially, It
will perform such chores as record-
ing the raw or appropriately time-
averaged data from each sensor,
multiplying together the wind, tem-
perature, and humidity fluctuations
to provide averaged turbulent fluxes
of momentum, heat, and moisture as
well as performing other statistical
manipulations of the data, printing
out longer-period wind averages and
variances, and correlating vertical
velocities with the laser-triangle con-
vergence measurements. We are
working now on the formatting of the
digital tapes and studying the opti-
mum data-recording frequency and
averaging times to provide a com-
pletely defined microclimatology of
the boundary layer, and hope to limit

Figured. Opiical cross-beam wind sensor, as deployed in the field.



tape utilization to one or less per
day. In addition, we will incorporate
a more modern computer, at first for
specialized, perhaps high-data-rate
but short-time-period experiments,
with the eventual goal of tying to-
pether the new tower computer with
the Boulder Laboratories computer.
This will allow experiments to be
controlled in the future by scientists
in Boulder without their even visiting
the tower site. Eventually we may be
able to link computer control to
other users hundreds of miles away
from the facility.

SOME SPECIFIC GOALS OF THE
TOWER MEASUREMENT
PROGRAM

The primary purpose of the tower, as
previously stated, is to provide the in
situ verification of atmospheric mea-
surements made with remote sen-
sors. The reliable comparison be-
tween remote sensors, which average
over finite scattering volumes in the
atmosphere, with the in situ instru-
ments, which are essentially point
sensors, requires the accumulation
of significant statistics, something
that the tower will be able to do since
we plan to keep it in continual opera-
tion for a number of years. As the in-
teraction of optical, acoustical, and
radar waves with the atmosphere be-
comes better understood, we will be
able to “virtually” extend the height
of the tower past its 300-m limit
through use of the remote probes.
Indeed, one of the eventual goals is
to replace many of the in situ instru-
ments with remote sensors, elimi-
nating the need for conventional
instruments and possibly even for
balloon-borne instruments.

With the information available at
the tower from remote and in situ
sensors, a unique data set on atmos-
pheric dynamics will become avail-
able. By operating the tower con-
tinuously for an extended period, say
five years or more, we will finally ob-
tain a detailed microscale clima-
tology of the planetary boundary

layer. We will have a reliable grasp
on the statistics of turbulent heat,
momentum, and moisture fluxes.
We will be able to verify the impor-
tance of wave dynamics in boundary-
layer processes and be able to under-
stand the scattering mechanisms by
which remote sensors record these
events. For opticists, understanding
the turbulent heat flux will permit
better modeling and predicting of
the effects of the turbulent atmos-
phere on optical wave propagation.
We already have a good understand-
ing of turbulent heat flux and optical
index-of-refraction fluctuations
under dry daytime convective condi-
tions.? Better models are needed to
help us to understand the stably
stratified, nocturnal boundary layer,
and we need to know the correlation
between moisture and temperature
fluctuations at different heights in
the boundary layer so that the con-
tribution of the latent heat fluxes on
the optical index can be properly
understood. Of course, this will re-
quire instrumenting the tower with
fast-response humidity sensors,
which we plan to do within the first
year or two. Although the dry, high
plains in Colorado are usually char-
acterized by low moisture fluxes, on
those occasions following rain storms
we will be able to study the convari-
ance of moisture and temperature
fluctuations and should be able to
extend this understanding to tropical
or marine atmospheres by proper
scaling. The improved understand-
ing of moisture flux is also of great
importance in understanding how
the upward transport of water vapor
through the boundary layer occurs.
After all, this moisture is the source
of clouds and large-scale weather in
the atmosphere,

When the NCAR Field Observing
Facility moves to the site, the mea-
surement capability will be extended
by the occasional deployment of its
Portable Automated Mesonet (PAM)
system, forty instrumented surface
layer towers that can send tele-
metered data to a central location. In
addition, NCAR and NOAA aircratft

will use the tower for calibration and
be able to extend the range of tower
measurements over wider horizontal
and vertical scales.

The investment of tax dollars in
the NOAA tower is significant. The
data collected there will be of value
not only to the Wave Propagation
Laboratory in our mission of devel-
oping remote sensors, but to the en-
tire atmospheric sciences com-
munity. It will be NOAA policy to
treat the tower as a national facility,
where others in the government, in
universities, or in the private sector
will be welcome to come and perform
cooperative experiments with the
NOAA personnel. The digital data
tapes on which the routine tower
data will be recorded will be avail-
able for anyone to duplicate, study,
and evaluate for the cost of making
the tape copy.

Eventually we hope that by obtain-
ing better measurements and model-
ing of the boundary layer in its meso-
scale (10-100 km) extent, we will be
able to deduce better forecasting
schemes for local weather. This goall
one of the most important in
NOAA'’s list of priorities, will be con-
tinually kept in mind as this new na-
tional facility comes on line and as
we gain experience in its first several
years of operation.

Do you have an experiment you
would like to conduct at the Boulder
tower? After construction is com-
pleted in June, 1977, it will take sev-
eral months to install the instru-
ments and shake down the data ac-
quisition system. We will then be
ready for experiments on the tower.
Get in touch with Dr. William H.
Hooke at NOAA in Boulder, (303)
499-1000, X6378, and inform him of
your experiment requirements.
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