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Abstract

A tethered sonde, the Boundary Layer Instrument System
(BLIS), was designed for use from shipboard platforms in
the GARP Atlantic Tropical Experiment (GATE). This
system was able to monitor the thermal and kinematic
properties of the boundary layer from approximately 100 m
to the level of cloud base (800-1000 m). Five levels were
simultaneously sampled for periods up to 24 h in length.
More detailed vertical structure measurements were obtained by raising and lowering the tethered balloon. The
mechanical details of the system and its accuracy in monitoring boundary layer changes and vertical motions are
described.

1. Introduction

One of the goals of the Global Atmospheric Research
Program's Atlantic Tropical Experiment (GATE) was
to develop an understanding of how convective clouds
modified and interacted with the boundary layer over
the tropical ocean. T o do this, it was necessary to
monitor the boundary layer (defined as the region
from the surface to cloud base) before, during, and
after convective modification. This required observations of the vertical structure (temperature, humidity,
and wind) and estimates of the vertical motions and
turbulent fluxes in the boundary layer. T o achieve
these goals, special instrumentation, the Boundary
Layer Instrumentation System (BLIS), was designed for
the GATE program.
Instrument towers have been used extensively to
probe the boundary layer but were not practical over
the relatively deep oceans of the GATE area. Aircraft
could meet some of the requirements but could not
have provided continuous monitoring over long time
periods.
The most practical instrument for monitoring the
boundary layer from a ship for long time periods was
a sonde lifted by a tethered balloon. Though not widely
used, tethered sondes have enjoyed a long history. Re0003-0007/80/091002-10$06.50
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cent tethered sonde systems have been described by
Garstang et al. (1971), Painter (1970), Readings and
Butler (1972), Haugen et al. (1975), Manins and Sawford (1978), T a p p and Lile (1978), and Almazan (1972).
The GATE BLIS was designed and operated so as
to provide data for vertical profiles of the meteorological variables and also for the analysis of time series
and horizontal fields of these variables at several levels
in the boundary layer. The present article reviews the
tests and analyses reported to date, especially those
bearing on the accuracy and resolution of the data. The
feasibility of carrying out these analyses, both with
BLIS data alone and in conjunction with other data
(e.g., surface, radiosonde, and aircraft, collected during
GATE), is discussed. Our purpose is to stimulate and
facilitate further use of these unique data.
BLIS was conceived, tested, and evaluated by three
groups: The University of Wisconsin-Madison, NOAA,
and the University of Virginia. The instruments were
developed by the University of Wisconsin, ship calibration facilities and pre-GATE tests were provided by the
University of Virginia, and the data acquisition equipment for the ships was contracted by NOAA. The
processing of GATE data and validation also were done
by NOAA. All three groups participated in the field
experiments and the post-GATE data validation. Over
lOOOOh of data were collected, including 2323 vertical
profiles in the boundary layer.

2. Description of the system

The BLIS consists of four major components—the instrument packages (often referred to as sondes); the
tethered balloon system including winch, line, and helium-filled balloon; the receiver/recorder module; and
the calibration facility (Fig. 1).
The instrument packages (Fig. 2), weighing 1200 g
per sonde, were attached to the tether line with a
ball/socket mounting that permitted rotation in all
directions about the point of attachment. Each sonde
could be mounted at any altitude on the line. These
sondes were designed to operate with sufficient battery
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TABLE

Parameter

1.

BLIS

sensors.

Digitizing
frequency
Sensor
(s" )
Bead thermistor
0.25
Bead thermistor
0.25
Carbon hygristor
0.25
Aneroid barometer
0.25
Three-cup anemometer
0.5
Magnetodiode
0.5
Pendulum and photocells 0.5
1

Dry-bulb temperature
Wet-bulb temperature
Relative humidity
Pressure
Wind speed
Wind direction
Tilt angle

quality control of the incoming data, and real-time
analysis. The BLIS was deployed from 3 ships in
GATE: the OSS Oceanographer, the OSS Researcher,
and the USCG Dallas.
The tethered balloon used during the GATE was a 69
m helium-filled balloon with an elastic expandable
bladder made by Raven Industries. It was tethered by
a 3/16 in Nolero line of 12001b breaking strength.
An Otis winch especially designed for the BLIS was
capable of reeling in and out at line speeds from 1 to
3 m/s, permitting the BLIS to be used in a profile
mode (usually using just one sonde) where a complete
ascent or descent of 1000 m could be completed in
6-8 min.
The BLIS was capable of operating under environmental conditions of intense tropical solar radiation,
wind speeds < 1 5 m/s, and during precipitation < 1 0
mm/h. The zero-wind lift of the balloon was about 32
kgs. The weight of the line was 20 kg/1000 m and the
total weight of five sondes was ^ 6 kg. A theoretical
limit for the balloon under calm conditions was 1300 m
± 1 0 0 m . Radiation shields were used to protect the
wet and dry thermistors and the hygristor. Precipitation,
if extremely intensive, could load the balloon to the
point of causing the whole system to lose positive lift.
Before the field phase of GATE each sonde was
calibrated using a wind tunnel, temperature bath, and
a pressure chamber. On the basis of these calibrations
an initial set of empirical relations between the instrument's digitized numbers and the meteorological
values (°C, m/s, etc.) was established for each of the
sonde's sensors. During GATE, shipboard calibration
checks were carried out on these relationships. Thermistors were checked periodically against a set of
standard thermometers, the pressure sensor was frequently recalibrated in a pressure chamber, and the
windspeed sensor was checked for bearing failure using
a precision-controlled jet of air.
3

FIG. 1. A depiction of the way in which five instruments
of the Boundary Layer Instrument System (BLIS) are flown
on the balloon tether line.

FIG. 2. A schematic of one BLIS instrument attached to
the tether line.
power and water (wet bulb supply) for 24 h of continuous operation. Wet and dry bulb temperature, relative
humidity, wind speed, direction, pressure, and vertical
inclination were all monitored (Table 1) simultaneously. All measurements were digitized in situ on each
instrument package and the digital values were transmitted to the receiving/recording unit on the ship via
a pulse coded frequency modulated signal in the band
415-440 MHz. Each package was powered by lithium
batteries with 6.0 A h of stored electric charge (at 100
raA).
The receiving/recording unit consisted primarily of
five narrow band receivers, a decommutator, and a recording system—either a PDP-11 or Varian 620L minicomputer. This arrangement allowed simultaneous
transmissions by the five sondes, visual monitoring and

3. Sensor descriptions

a. Wind speed anemometer
Wind speeds were measured using a three-cup anemomUnauthenticated | Downloaded 01/09/23 07:10 AM UTC
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eter (Fig. 2). The rotation rate of the anemometer was
counted electronically by using a slotted disk with a
light source and a photodiode. Wind observations were
made at 0.5 Hz and two observations were transmitted
to the ship in each 4 s data chain.

and hygristor were digitized on the instrument by a
resistance-controlled oscillator and a digital counting
circuit. These three measurements and two other constant-value reference resistors were all sampled and
transmitted in each 4 s data cycle.

b. Wind direction measurements
The instrument body acted as the wind vane. The
ball mounting allowed the body to turn in all directions. The orientation of the body to the earth's magnetic field was measured using one cup arm of the
anemometer. This arm was made of a highly magnetically permeable material and its rotation past a
magnetodiode in the sonde package produced a sinusoidal voltage. The magnetodiode sine wave was compared to a master timing pulse generated once during
each full revolution of the anemometer cups. The
phase shift between the sine wave and timing pulse
indicated position of the sonde body relative to the
earth's magnetic field. This phase shift was digitized
directly into whole degrees of direction from magnetic
north. Further engineering details of the wind speed
and direction sensor were described by Burns (1974).

e. Pressure measurements
An aneroid capsule was used to measure pressure. The
expansion of the aneroid chamber was digitized using
a capacitance-controlled oscillator and a digital counter, similar to that used by the temperature and humidity measurements. A reference capacitor also was scheduled in the data cycle.
All data were buffered into a recording system (magnetic tape unit controlled by computer) on each host
ship. There was an option to display the digitized
counts from any of the 16 channels (per sonde) on a
digital display or on a strip chart. This permitted realtime data quality control and a "first look" study of
the data being collected.

4. Accuracy of the measurements

c. Vertical wind measurements
The vertical inclination of the wind was measured by
allowing the instrument package to pitch on its ball
mount. The circular tail fin was designed to follow
both vertical and horizontal wind fluctuations. The
forward-backward tilt (pitch) of the instrument was
recorded by a viscous damped pendulum inside the
body. The tilt angle of the pendulum was digitized by
a system of photodiodes and a slot pattern inscribed
in the pendulum. The vertical component of the wind
speed was obtained by multiplying the scalar wind
speed with the sine of the tilt angle. The three wind
measurements—direction, speed, and vertical inclination
—were all sampled twice in each 4 s data cycle to provide a 2 s sampling rate.
d. Temperature and humidity
measurements
Dry and wet bulb temperatures were measured using
two thermistors mounted on the underside of the instrument package (Fig. 2). Moisture was fed to the
wet bulb via a wick in a tube connected to a water
reservoir positioned around the ball mount of the instrument. The water reservoir was positioned to minimize the package imbalance due to the movement of
water. An additional humidity measurement also was
made with a carbon hygristor located next to the
thermistors.
The two thermistors and hygristor both respond to
temperature and humidity changes by changing their
electrical resistances. The resistances of the thermistors

The quality of this type of data has to be evaluated
by comparisons with similar measurements made by
different sensors. In GATE there were several comparisons made between BLIS sensors and with other
measurement systems (e.g., aircraft, rawinsondes, etc.).
The intercomparisons between sondes will be discussed
first. The transient response of the sensors and their application to turbulence studies will follow in this section.
a. Precision of the measurements
BLIS sondes were intercompared on many occasions
during GATE. Frequently, the sondes were mounted
1 m apart on the tether line at the beginning of each
flight. The stack of sondes was then reeled out to an
altitude where ship obstructions to the wind were minimal for a period of 10 min. The height of the ship
mast
25 m) often was used so that comparisons to
instrumentation on the mast could be made.
Twelve BLIS intercomparisons were analyzed by Ropelewski (1976). On these flights the instruments were
intercompared in pairs. The mean differences between
measurements are summarized in Table 2. The temperature measurements (dry bulb) agreed by 0.2°C on the
average, the wet bulb by 0.3°C, hygristor relative humidities by 1.0%, wind speeds by 0.10 m/s, wind directions by 14°, and vertical inclination angles by 5°.
Table 2 gives an indication of the range of the differences that can be expected between BLIS instruments.
The wind direction sensor required the anemometer
cups to be rotating for the magnetic sensor to work.
Under light wind conditions (< 2 m/s), erratic readings
Unauthenticated | Downloaded 01/09/23 07:10 AM UTC
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TABLE

Run
no.
1
2
3
4
5
6
7
8
9
10
11
12
Average

Averaging
period
(s)
4096
4096
4096
4096
4096
3600
3600
4800
3602
2048
2048
3600
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2. The differences between adjacent sensors 1 m apart on the tether line.
Temperature (°C)
Dry bulb Wet bulb
-0.48
-0.25
-0.14
0.16
-0.07
0.25
0.18
-0.19
0.02
0.04
0.55
-0.01
0.20

-0.29
0.29
0.29
-0.08
-0.25
0.05
0.03
0.12
0.14
-0.19
1.34
-0.03
0.26

often resulted. These conditions existed less than 35%
of the time in GATE.
The vertical inclination angles show large disagreements between instruments from errors in the static
balancing of the instruments. The tilt angle pendulum
w as intended for monitoring transient fluctuations and
not steady state vertical motion field.
Temperature measurements were generally in good
agreement. Salt contamination from sea spray occasionally present on some of the thermistors caused some
errors that could not be evaluated. However, each
sensor was cleaned once within a 24 h period, which
reduced long-term salt buildup and helped to minimize
the errors.
Wet bulb measurements were normally in agreement.
Under relatively high wind speeds (> 7 m/s) the wicks
often dried out after 12 h. These conditions occurred
less than 25% of the time. Hygristor relative humidity
measurements also were generally good for the first 12 h
of each flight. After that time contamination from salt
spray, rain, and cloud droplets affected the measurements.
r

TABLE 3. R M S

Run
no.

Sonde
pair

6
6
7
7
8
8
11
12
Mean

11111111-

2
3
2
3
2
3
2
2

Intersonde differences (1—2)
Relative
Wind
humidity
speed
(m/s)
(%)
0.3
0.5
0.3
-2.1
-2.1
0.2
0.5
1.5
-1.8
2.4
0.3
-0.2
1.02

Wind
direction
(deg)

Tilt
angle
(deg)'

-30
17
48
-16
-9
2
0
17
0
-1
21
2
13.6

1.2
-12.8
-12.3
1.3
-3.4
-4.2
-5.3
-4.8
5.5
2.8
-6.4
3.1
5.3

-0.24
-0.07
-0.10
-0.04
-0.02
0.08
0.06
-0.23
-0.09
-0.05
0.11
0.08
0.10

The pressure sensor was used only as a measurement
of package altitude and not as meteorological data.
The slack of the tether line varied with wind speed,
thus changing the package altitudes during flights. The
pressure sensor had to be used for monitoring these
changes. Calibration checks on the sensors before and
after each flight indicated calibration drifts from 1 to 5
mb (approximately 10-50 m) in 24 h. These drifts were
partially removed in the post-GATE data processing.
In some cases auxiliary measurements of the amount of
tether line reeled out and the line angle were also used
to establish sonde altitude.
b. Transient response of the sensors
The accuracy of BLIS in tracking turbulent fluctuations
can also be estimated using the instrument intercomparison flights made by Ropelewski (1976). The BLIS measurements were compared between instruments on a 4 s
basis. The mean biases between the instruments were
removed from the data. The root mean square of the

differences between 4 s measurements after the mean differences have been removed.
Temperature (°C)
Wet bulb
Dry bulb
M
0.1
M
0.1
0.04
0.04
0.1
0.1
0.1

0.1
0.1
0.1
0.1
0.1
0.04
0.1
0.1
0.1

Wind
direction
(deg.)

Wind
speed
(m/s)

Relative
humidity

Tilt
angle
(deg.)

Pressure
(mb)

3.4
4.3
M
3.8
10.2
10.4
3.6
2.7
5.5

0.20
0.17
0.17
0.22
0.22
0.19
0.16
0.36
0.21

0.8
0.4
1.0
0.5
0.1
0.1
0.3
0.3
0.4

5.0
1.6
0.3
2.2
1.0
1.2
0.8
1.5
1.7

0.2
0.2
0.3
0.4
0.2
0.2
0.1
0.7
0.2

(%)
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TABLE 4.

Height
(m)
355
640
940

-

Comparison of temperature, mixing ratio, and wind measurements from
Electra aircraft and BLIS, 15 September 1974.

Time (GMT)
a/c

BLIS

1400-1407
1305-1313
1321-1329

1320-1600
1320-1600
1320-1600

Temperature
(°C)
a/c
BLIS

Mixing ratio
(g/kg)
a/c
BLIS

Wind speed
(m/s)
a/c
BLIS

22.9
21.2
19.4

15.4
12.0
11.6

3.6
2.1
1.0

differences between measurements for each sonde pair
are shown in Table 3. The averaging times are the
same as those listed in Table 2.
Dry and wet bulb temperature measurements tracked
turbulent fluctuations at the 0.1 °C level. Hygristor

23.2
21.2
20.1

15.8
13.6
11.9

3.4
2.6
1.4

measurements had larger disagreements, up to 1.5%
relative humidity. Wind speeds compared at the 0.2
m/s level and wind directions at the 5.5° level. Pressure measurements tracked at the 0.2 mb level over
these short flights despite the calibration drifts men-

FIG. 3. Comparison between BLIS and rawinsonde profile measurements during Intercomparison Period I of GATE. The wind speed and direction profiles represent differences between
the ship Vanguard rawinsonde and the Dallas BLIS measurements made simultaneously. Temperature profiles represent directly measured values on neighboring ships.
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FIG. 4. Twenty day mean profiles for rawinsonde and BLIS observations on three U.S. ships
during GATE, Phase 3.
tioned previously for the longer flights. Vertical inclination angles showed large disagreements, 1.7° on
the average. Comparisons were not made on seven instrument pairs because the balloon was raised or lowered during the flights.
c. Comparisons with other measurement

platforms

The BLIS data were compared to aircraft data on two
days during GATE (LeMone et al., 1975). These comparisons were made in fair weather conditions and the
average measurements of each system are shown in
Table 4. The mean temperatures of the two systems
agreed to within 0.7°C, mixing ratios (with one exception) to less than 1 g/kg, and wind speeds to about
0.5 m/s. These differences were approximately the same
as found when aircraft were compared to tower-based
sensors in GATE (Rockwood et al. 1977). The differences were largely attributed to the time and space
differences between the two observations.
Comparisons were also made between BLIS and
rawinsondes for selected flights (Reeves et al, 1976)
(Fig. 3). In general the temperature measurements
f

agreed to within 1.0°C. Wind speed and direction also
showed close agreement, within 1 m/s and 15° direction, for most flights. Some large differences in wind
speed and direction were found in the comparisons
below 950 mb. These disagreements are most probably
due to errors in tracking rawinsondes at low levels.
The means of both BLIS and rawinsonde data for
Phase 3 are shown in Fig. 4. A high level of agreement
between temperature and humidity measurements,
0.5°C and 0.5 g/kg, is apparent in the mean statistics.
Wind measurements, however, show larger differences
(up to 3 m/s). These mean statistics include data taken
at different frequencies in all weather conditions. Rawinsonde observations were made at 6 h intervals with
3 h observations during some periods of convective disturbances. The BLIS profiles, however, were made more
frequently than the rawinsonde observations on some
days and less frequently on others. All BLIS profiles
were made by raising and lowering the tethered balloon
at intervals of 1.5-3 h. During approximately 50% of
GATE the balloon was kept at a constant altitude for
20 h periods to obtain time series data. Thus the differences between the mean profiles in Fig. 4 reflect both
observational sampling differences and sensor biases.
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TABLE 5.

Summary of the accuracies of the BLIS sensors.

Measurement

Digital
resolution

Range

Response to
transient
fluctuations
under field
operating
conditions

Wind speed
Wind direction
Dry bulb
Wet bulb
Hygristor
Pressure
Wind inclination

0.03 m/s
1.0°
0.03°C
0.03°C
0.5%
0.1 mb
0.5°

0.5-25.0 m/s
0°-360°
0°-50°C
0°-50°C
0-100%
850-1040 mb
-18°, +18°

0.2 m/s
NA
0.1 °C
o.rc
NA
0.2 mb
1.7°

d. Discussion of the accuracies
From the calibrations of the sensors both before and
after their use and from the comparisons made with
other sensors a general picture of the accuracies of the
BLIS sensors can be drawn. The digital resolution of
the sensors was as follows: wind speed 0.03 m/s, wind
direction 1.0°, vertical inclination 0.5°, dry bulb 0.03°C,
wet bulb 0.03 °C, relative humidity (hygristor) 0.5%,
and pressure 0.1 mb (see Table 5). The harsh operating
environment of the BLIS, however, propagated errors
into these measurements. The motions of the tether line
and the temperature changes of the digitizing circuitry
in the intense tropical sun were the largest contributors to the errors. From the comparisons made between

Accuracy
(bias)
under field
operating
conditions
0.1 m/s
14°
0.2°C
0.3°C
2.0%
5.0 mb
5°

BLIS sensors flown together on the tether line described
in Section 4.b, sensor resolutions were slightly larger
than their digitizing resolution. For the temperature
sensors, dry and wet bulb, 0.1 °C fluctuations were resolved on the average. Pressure changes were tracked
to resolution of 0.2 mb, wind speed fluctuations of 0.2
m/s were resolved, while vertical inclination angles of
the wind could only be followed at a resolution of 2°.
The motions of the tether line contributed greatly to
the loss of resolution in the wind measurements.
The accuracies of the measurements are stated in
Table 5 based on both comparisons with other GATE
sensors and the calibrations made. It is our conclusion
that the accuracies are as follows: 0.2°C dry bulb temperature, 0.3°C wet bulb temperature, 0.1 m/s wind

FIG. 5. An example of divergences measured from BLIS and ship surface sensors during GATE.
The calculations were made using the data from the ships Dallas, Researcher, and Oceanographer in the locations shown in the insert.
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FIG. 6. Spectra of temperature, wind speed, and the vertical wind component measured over
Lake Michigan on 4 May 1976 from the University of Wisconsin-Milwaukee ship Neeskay at
120 m altitude.

speed, 14° wind direction, 2% hygristor, 5° vertical inclination, and 5.0 mb pressure.
5. Uses of the data

a. Vertical structure
measurements
The profile data from raising and lowering the balloon
has been used for monitoring boundary layer vertical
structure changes in several studies (e.g., Houze, 1977;
Fitzjarrald, 1978; Gaynor and Ropelewski, 1979; and
Wylie and Young, 1979). The examples shown in Fig. 3
illustrate the sensor's response to vertical changes in
quantities. The structure in temperature, humidity,
wind speed, and direction can readily be recognized.

Time lags in the sensors caused small errors in identifying the levels of structural changes. The temperature
sensors required approximately 12 s (3 data cycles) to
fully show large amplitude changes. The hygristor and
wind sensors responded within 4 s (1 data cycle). In
most cases, the tether line was reeled out at a slow
rate (approximately 1 m/s) to minimize these errors.
Bias errors in temperature and wind directions were
removed using the ship's surface measurements as a
standard.
Information on mass budgets in the triangle of the
three BLIS ships also was obtained. An example of
divergence measurements from these data was shown by
Ropelewski and Reeves (1977) (Fig. 5). These calculaUnauthenticated | Downloaded 01/09/23 07:10 AM UTC
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FIG. 7. An example of a cumulus cloud passage over the highest BLIS sensor on 11 September
1974, on the OSS Oceanographer during the GATE program. The balloon was inside the cloud
from approximately 0450 GMT until 0510 GMT. The measurements were taken at 870 m
altitude. Four other sensors that were on the tether line are not shown.
tions were made from one hour averages of constant-level
BLIS flights. Wind direction biases were removed by
using comparison data made with ship mast measurements as previously described. Good agreement between
BLIS and similar calculations, made using ship surface
data, is evident. The same study also showed good
agreement between the 12 h average divergences as measured by the BLIS and rawinsondes.
b. Turbulence
measurements
The data from constant-level BLIS flights can be used
for studying turbulent motions. Berman (1976) has used
BLIS data taken before GATE to study wind and temperature spectra in neutrally and stably stratified layers.
Similar examples of wind and temperature spectra
taken over Lake Michigan in a neutrally stratified layer
(120 m altitude) are shown in Fig. 6. These spectra
were derived from time series, each one hour in length.
The spectral estimates were formed from Fourier transforms with "Hanning smoothing" (Jenkins and Watts,
1968). Nine harmonics were averaged to form each
spectral point.
The spectra show that only long periods of motion
can be resolved with the system. Ship roll and tether
line motions cause noise for frequencies above 0.05 Hz.
Below this frequency the slope of the spectra gives
some indication of an inertial subrange. Vertical wind
spectra also show the same characteristics (Fig. 6). The
vertical wind measurement was more susceptible to high
frequency noise because the tilt pendulum is sensitive
to the horizontal motions of the vibrating tether line.
The vibrations tended to upset the pendulum from
its vertical orientation, thus causing errors in the verti-

cal tilt measurements. Similar data by Thompson (1972)
and Thompson et al. (1980), using another tethered balloon system with a pendulum, also showed the same
noise, primarily in the high frequencies.
Most researchers have chosen to remove the high
frequency noise from their data by low pass filtering.
This type of smoothing was done by Thompson (1972)
for calculating vertical eddy flux transports. In the
environments dominated by cloud-caused motions the
long-period fluctuations always dominated the flux
transports. An example of such a situation is shown in
Fig. 7, taken from the GATE data. In studying cloudrelated motions, Wylie (1976) used low pass filtering,
while Emmitt (1978) chose to discriminate between large
amplitude and small amplitude vertical motions. Emmitt used only eddies with vertical motions greater
than 0.5 m/s in amplitude and ignored the smaller motions because they were less likely to have been related
to cloud circulations. Both of these methods produced
similar results.
6. Conclusions

The BLIS illustrated the advantages that tethered balloon systems have over other types of boundary layer
instrumentation. In planning atmospheric monitoring
systems the strengths, weakness, and accuracies of all
forms of instrumentation have to be considered. For
the BLIS its major strengths are: 1) the ability to make
simultaneous observations at multiple levels (up to 5)
from the mixed layer to the cloud layer, 2) the ability
to be deployed in remote areas and from shipboard or
other platforms, and 3) the ability to make continuous
observations over long time periods. The BLIS was
Unauthenticated | Downloaded 01/09/23 07:10 AM UTC
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designed for GATE because of the need for data where
other systems were weak.
The weakness of the BLIS is the inaccuracy of some
of its measurements. Many problems resulted from trying
to make observations from a nonstationary platform, a
balloon tether line. Other problems resulted from design requirements for lightweight sensors that were
capable of operating for long periods without servicing.
Even with these constraints the BLIS provided a large
quantity of useful data for research uses.
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