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ABSTRACT 

A remotely piloted aircraft research facility is described that will provide new capabilities for atmospheric and oceano
graphic measurements. The aircraft can fly up to 24 h over remote ocean regions, at low or high altitude, and in various 
other challenging mission scenarios. The aircraft will fly research missions at speeds of 40 m s-1 and provide high spa
tial resolution measurements. Data will be transmitted in real time to a ground station for analysis and decision-making 
purposes. The facility will expand the opportunities for universities to participate in field measurement programs. 

l.lntroduction 

The Office of Naval Research (ONR), the Naval 
Postgraduate School, California Institute of Technol
ogy, and Princeton University are developing a joint 
research facility, the Center for Interdisciplinary Re
motely-Piloted Aircraft Studies (CIRP AS), to support 
scientific research and technology development. 
CIRP AS is developing and will operate three types of 
remotely piloted aircraft (RP A) that can support many 
traditional atmospheric or oceanographic measure
ments, as well as unique measurement strategies that 
would be difficult or impossible with a manned aircraft. 

This paper describes CIRPAS and the flight and 
research capabilities of the RP As and presents a se
ries of proposed applications. We list a set of research 
activities that we anticipate will make significant ad
vances under CIRP AS. The list comes from numerous 
discussions with the science and technology develop-
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ment communities but is not exhaustive. We expect 
the capabilities of the RP As to encourage development 
of many new measurement techniques and strategies. 

2. The CIRPAS concept 

The main goal of CIRP AS is to expand investiga
tor access to airborne and remote sensing data by pro
viding state-of-the-art capabilities at the lowest 
possible costs. CIRPAS will provide investigators 
with new capabilities for long-duration observations 
at very high or low altitudes. CIRP AS platforms will 
operate at uniquely low air speeds allowing high
resolution in situ observations. Low operational cost 
of the CIRP AS platfonris will be achieved primarily 
by innovative use of small aircraft. Use of a satellite 
communications and data management system, and 
support of scientific instrument miniaturization, will 
allow a much smaller aircraft to perform similarly to 
traditional larger aircraft. Use of a satellite data link 
provides a "virtual" in-flight working environment 
through real-time access to scientific data and flight 
attitude information. A satellite data link will allow 
broader user access to flight operations, ranging from 
remote terminals over the modem link to group opera
tions in the flight ground control facility. New technolo
gies and concepts are under development to miniaturize 
airborne atmospheric and oceanographic instruments 
without reducing instrument fidelity or resolution. 
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3. CIRPAS remotely piloted aircraft 

To support diverse mission needs, three types of 
aircraft will be operated by CIRP AS: 

• Pelican-The Pelican RP A is intended primarily 
for lower-tropospheric observations. Pelican is an 
optionally piloted aircraft that can be flown with a 
pilot on board or remotely by a pilot on the ground. 
Optional piloting of Pelican provides flexibility to 
perform the extensive training and testing required 
to develop remote flight capabilities. 

• Altus-The Altus RP A is intended for upper
tropospheric-lower-stratospheric observations. 
Altus, developed by National Aeronautic and Space 
Administration/Environmental Research Aircraft 
and Sensor Technology (NASA/ERAST) Program, 
is a high-altitude derivative of the Department of 
Defense Predator Unmanned Aerial Vehicle 
(UAV). 

• Aerosonde-The Aero sonde RP A is intended for 
tropospheric profiling with relatively small pay
loads. Aerosondes are also inexpensive and can 
support measurement strategies that have a high 
risk of platform loss (Holland et al. 1992). 

The use of these three RP As will substantially in
crease the spatial area of the marine environment over 
which airborne measurements can be made. Currently, 
marine observations are limited by the number of is
lands having sufficiently long 
airstrips to accommodate full
scale research aircraft. The 
RP As and their ground stations 
could be transported by ship to 
virtually any island having even 
a rudimentary airstrip. RPAs 
have the potential for allowing 
access to previously unreach
able areas and can open up 
many remote regions to airborne 
observation. 

a. The Pelican RP A 

the nose. Figure 1 shows a schematic view of the 
Pelican aircraft. The ONR and NASA/ERAST pro
grams are jointly sponsoring General Atomics Aero
nautical Systems Corporation to develop a remote 
flight control system for the Pelican RP A. An exist
ing Aeronautical Systems Predator flight control sys
tem will be adapted for use with the Pelican aircraft. 
The Pelican RP A will be an optionally piloted aircraft. 
Pelican can be flown with a pilot onboard or remotely 
by a pilot on the ground. With a pilot on board, flights 
are limited to 8 h. Pelican remotely piloted flights can 
perform 24-h measurement strategies allowing obser
vations of diurnal processes that are unobtainable with 
onboard-piloted aircraft. Since many missions will 
require flights of only a few hours, missions of 8 h or 
less can be flown with onboard pilots, at lower cost, 
and with larger mission payloads than the longer 24-h 
remotely piloted missions. Onboard pilots will also al
low missions overflying high-population areas where 
remotely piloted flights would not be possible. Both 
flight modes will have real-time access to scientific 
data and flight information from a satellite data link. 

Pelican will have the following capabilities: 

• optional piloting (i.e., conventional or RP A), 
• endurance ofup to 24 h ofRPA operations and 8 h 

for onboard-piloted missions, 
• range of 2500 km, 
• mission altitude ranging from 20 to 4000 m, 
• loiter speed as slow as 40 m s-1

, 

·~· 
Wing Area= 

Wing Span= 

MGTW= 

Wpay= 

20.8 (m'\2) 

12.9 (m). · 

2104 (kg) 

150 (kg) 

Pelican is a highly modified 
Cessna 33 7 Skymaster RP A that 
has been reconfigured as a 
single-engine pusher to allow· 
sampling of unperturbed air 
from over 70% of the aircraft 
and for better field of view from FrG. 1. A three-view diagram of Pelican. 
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• 150-kg payload for 24-h missions and 500 kg for 
2-h missions, 

• fuselage nose volume of 1 m3
, 

• main cabin payload volume (for manned missions) 
0.33 m3

, 

• standard wing mounts for interchangeable pylon-
mounted payloads at 50 kg each, 

• palletized instrument capability, 
• payload power= 1 kW at 28 V, and 
• satellite interactive communications for over-the

horizon operations. 

Variations of the Pelican design can provide fur
ther mission flexibility. The current version has a 
single reciprocating engine in the rear. Another op
tion under consideration is the 
installation of a turboprop en
gine in the rear for shorter
duration flights to altitudes above 
10 km. A version ofPelican with
out the capability for remotely 
piloted flight, but with a data 283 

management and satellite com
munication system, could also 
be developed to support broader 
utilization of this type of re
search aircraft. 

b. The Altus RPA 

.20 

information from direct line-of-sight UHF communi
cations. Satellite interactive communications for over
the-horizon operations are under consideration for 
future development. 

Altus will have the following capabilities: 

• endurance ofup to 24-h operations, 
• range of 100 km (line-of-sight operations), 
• mission altitude up to 20 km, 
• loiter speed as slow as 30 m s-1

, 

• 150-kg payload for 24-h high-altitude missions, 
• 0. 7 m3 payload volume, 
• payload power of2 kW at 28 V, 
• fuselage nose unobstructed and available for instal

lation of payloads, and 
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ONR and the Department of 
Energy (DOE) Atmospheric 
Radiation Measurement (ARM) 
Program are jointly sponsoring 
General Atomics Aeronautical 
Systems Corporation to acquire 
an Altus aircraft for operation by 
CIRP AS (Fig. 2). Altus, devel
oped by the NASAIERAST pro
gram, is a high-altitude derivative 
of the Department of Defense 
Predator U A V. The Altus RP A is 
intended for upper-tropospheric
lower-stratospheric in situ obser
vations or high-altitude remote 
sensing. Altus will be able to at
tain altitudes of 20 km by using 
a two-stage turbocharged rotex 
engine with extended wings and 
fuselage and hardened electron
ics. Altus will have real-time ac
cess to scientific data and flight FIG. 2. A three-view diagram of Altus. 
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• future capability for satellite over-the-horizon op
erations communications. 

c. The Aerosonde 
ONR is sponsoring In-situ Corporation to acquire 

10 Aerosonde aircraft and related support equipment 
to be operated by CIRPAS. Figure 3 shows a sche
matic view of the Aerosonde. Aerosondes are prima
rily intended to support atmospheric soundings and 
severe weather research. The Aerosonde uses two 
Vaisala sensor systems to acquire pressure, tempera
ture, and humidity. The sondes receive atmospheric 
samples from a duct inside the fuselage and in the free 
stream under the wing. Winds are retrieved by a 
windfinding-by-maneuver algorithm, which uses only 
the airspeed scalar and ground speed vector as inputs. 
The algorithm requires 10 s of maneuvering, leading 

1 ...... ~~-----lm ... , 

--..:.-· 

FIG. 3. A three-view diagram of Aerosonde. 
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to about 200-m spatial resolutio_n. Typical accuracy 
is 0.5-l.O m s-1• The Aerosondes have been operated 
in field conditions, including turbulent boundary lay
ers and gust fronts in the immediate vicinity of active 
thunderstorms. The main technical constraint on real
time data acquisition is that the ground station requires 
line of sight to communicate with the aircraft. The 
practical maximum radius would be about 200 km if 
an en route ground station were placed on a moun
tain for extended line-of-sight communications. All 
other flight strategies beyond line of sight will be op
erated autonomously. A ground station is capable of 
simultaneous control of multiple Aerosondes for high
resolution vertical profiling. 

Aerosonde will have the following capabilities: 

• endurance of 12 to possibly 24 h, 
• range of approximately 1500 km, 
• mission altitude ranging from 

50 m to 4 km, 
• loiter speed as slow as20 m s-1, 

• 1-kg nose payload for 24-h 
missions, 

• fuselage nose volume of 
100 cm3

, 

• payload power= 5 W at 12 V, 
and 

• fuselage nose unobstructed 
and available for installation 
of payloads. 

4. Multiaircraft 
operations 

All three CIRP AS aircraft 
can operate in coordinated mea
surement strategies. The Pelican 
and Altus use the same ground 
station, which has the capability 
to operate two aircraft simulta
neously. The Aerosondes would 
need to be controlled indepen
dently, but operations could be 
coordinated for in-field experi
mental activity. The capability of 
operating all three CIRP AS plat
forms simultaneously allows the 
possibility oflong-duration ver-
tically stacked or multiplatform 
coordinated measurement strat-
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egies. These long-duration multiaircraft missions 
could support a variety of experiments allowing inno
vative atmospheric process studies and model validation. 

5. Satellite data link and data 
management system 

Almost all measurement strategies envisioned for 
Pelican and Altus involve real-time control and in
teraction with instrumentation and on-scene decision 
making. An over-the-horizon communications capa
bility will be essential to support Pelican low-altitude 
and, in the future, Altus remote-area operations. Real
time communications will allow scientists to interact 
with aircraft flight and scientific data as if they were 
on board the aircraft. The scheme described here for 
real-time transmission of data could also be applied 
to traditional research aircraft to expand data acces
sibility to investigators on the ground. 

Remote communications will be conducted via a 
modem link allowing remote log-in to the CIRPAS 
central computer. Remote log-in capabilities will allow 
users to monitor flight information (e.g., aircraft atti
tude, speed, and location), to frame grab video, to view 
general scientific data, and to control instrumentation 
aboard the aircraft. The mobile command and control 
vehicle will provide a "virtual" research aircraft en
vironment. The central ground control vehicle is en
visioned to support several workstations and the flight 
control system. These capabilities will provide a forum 
for scientist and crew interaction similar to traditional 
research aircraft. Scientist and crew interaction will 
allow real-time decision making based on flight video, 
observational data, and aircraft attitude. As with tra
ditional research aircraft operations, a flight scientist 
will be responsible for the scientific utilization of the 
aircraft, while flight duties and safety are the respon
sibilities of the flight crew in either mode of opera
tion. A CIRP AS World Wide Web home page will 
provide in-flight and postflight interactions with the 
scientific community. The CIRP AS home page will 
include aircraft information such as flight schedules, 
instrument development status, instrument analysis tu
torials, a general information venue to discuss utili
zation of platform, and aircraft technical descriptions. 

A research aircraft with real-time communication 
capability will expand observational access to numer
ous investigators beyond the number a research air
craft can carry on board. This capability will also 
reduce the cost of participation in field experiments. 
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Investigators will be able to design and fly missions 
with reduced travel requirements. The satellite data 
link concept will be first demonstrated with Pelican 
but could be a valuable enhancement to any research 
aircraft. This relatively low cost approach will allow 
dedicated flights for student projects and should en
courage complex instrument development, model 
analysis, and remote sensing validation studies. 

6. Research opportunities 

The CIRP AS RP As offer the potential for a wide 
variety of scientific studies. The flight capabilities of 
RP As present distinct airborne research advantages. 
Pelican can provide the following unique measurements: 

• low altitude-air-sea fluxes, surface layer and 
upper-ocean properties, complete vertical sound
ings of meteorological variables and atmospheric 
constituents (flight altitudes of 10-50 m above the 
surface will be consistently attainable); 

• long duration-diurnal processes, turbulence sta
tistics, flux measurements, small- and large-scale 
horizontal variability (flights of 24-plus h will be 
attainable); 

• slow speed-aerosol and cloud measurements, air
sea fluxes, turbulence with increased spatial reso
lution for vertical and horizontal flight profiles 
(typical flight speeds will be 40 m s-1); and 

• payload-150-kg payload for 24-h missions or 
500 kg for missions of a few hours (large payload 
volume and weight as compared to most RPAs). 

Altus can provide the following unique measure
ments: 

• high altitude-remote sensing and lower-strato
spheric environmental variables (flight altitudes up 
to 20 km will be consistently attainable); 

• long duration-diurnal processes, chemistry, flux 
measurements, small- and large-scale horizontal 
variability (flights of 24-plus h will be attainable); 
and 

• slow speed-aerosol and cloud measurements, and 
turbulence with increased spatial resolution for ver
tical and horizontal flight profiles (typical flight 
speed will be 30 m s-1). 

Aerosondes can provide the following unique mea
surements: 
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• low altitude-complete vertical soundings of me
teorological variables and atmospheric constituents 
(flight altitudes from 50 m above the surface to 
4km); 

• long duration-diurnal processes, turbulence sta
tistics, small- and large-scale horizontal variabil
ity (flights of 12-plus h will be attainable); and 

• slow speed-cloud measurements and increased 
spatial resolution for vertical and horizontal flight 
profiles (typical flight speed will be 20m s-1). 

The first priority for measurements on the CIRP AS 
platform includes basic meteorological variables, 
aerosol/cloud microphysics, and associated chemis
try. Table 1 lists the currently funded initial set of in-

TABLE 1. Current CIRP AS sensors. 

struments for the CIRP AS platforms. Follow-on mea
surements include expansion of microphysical mea
surements, turbulence, and expanded radiation 
measurements. Table 2 lists planned CIRP AS instru
ments for operations below 10 km. 

Over the next several years, the DOE ARM-UAV 
payload will consist of a core payload of broadband 
flux radiometers and a meteorological package. In 
addition, three instruments will be included from those 
already developed for UAV deployment and those 
completed by September 1996. Table 3 lists the in
strumentation developed by the ARM-UA V program. 

The first scientific operation of the Pelican RP A is 
planned during the Tropospheric Aerosol Radiative 
Forcing Observational Experiment (TARFOX) in July 

1996. During TARFOX, the Ames Sun
Tracking Sunphotometer (Matsumoto et 
al. 1987) will be flown on Pelican along 
with rimltiple radiometers, the Radial 

RDMA High spatial and temporal resolution aerosol size 
distributions between 0.005 and 0.5 Jlm 

Differential Mobility Analyzer (RDMA) 
(Russell et al. 1996), PCASP, and For
ward Scattering Spectrometer Probe 

PCASP Aerosol size distributions between 0.1 and 3.0-Jlm (FSSP) instruments. Future uses ofPeli-
diameter can include the Coastal Meteorology 

~~~-~~-~~~~~~~~~~---~--~~~~----~~--~~--~-~--.~~-~~~ Experiment (Summer 1996), the Califor-
FSSP-100 Cloud droplet distributions between 0.5 and nia Cooperative Oceanic Fisheries In-

0AP-260X 

FSSP 300 

L~VM 100 

Cloud condensation 
nucleus spectrometer 

H yperspectral 
radiometer 

Counterflow 
virtual impactor 

Gas chromatograph 

State variables 
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47.0-Jlm diameter 

Droplet size distribution between 10 and 620-Jlrn 
diameter 

Large aerosol size distributions between 0.3 and 
20.0-Jlm diameter 

Droplet effective radius and liquid water content 

Spectra for 0.1% < Sc < 2.0% providing CCN 
size to supersaturation relationships 

Upward and downward solar and terrestrial 
radiation 

0.3-1.0 Jlm 

Scattering between 7° and 1 70° at integrating 
450, 550, and 700 nm 

Residual particles from droplets 7 pm or less 

Sulfur species, hydrocarbons, and halogenated 
compounds 

Temperature, pressure, dewpoint, and wind 

vestigations cruise of October 1996, and 
the Aerosol Characterization Experiment 
in June-July 1997. The first scientific 
operation ofthe Altus RPA will be dur
ing ARM at the Oklahoma cloud and ra-
diation testbed site in the fall of 1996. 
During ARM, the Solar and Infrared 
Broad Band Radiometers, Total Direct 
Diffuse Radiometer (Pope et al. 1996), 
and general meteorological payload will 
be flown on Altus. Some additional ar
eas of CIRP AS aircraft application are 
described below. 

a. Tropospheric atmospheric studies 
Studies of the dynamics of the marine 

atmospheric boundary layer (MABL) 
require in situ measurements of winds, 
temperature, water vapor, turbulence, 
and other meteorological parameters. 
Pelican RP A operations will expand 
these measurements that currently rely 
on sparse shipboard or conventional air
craft observations, particularly in the 
remote ocean environment. 
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TABLE 2. Planned CIRPAS instruments. 

OAP-2D-GB2 

High-resolution 
turbulence 

Expendable 
instruments 

Atmospheric pressure 
chemical ionization 
mass spectrometer 

Droplet size distribution between 
50- and 31 00-,um diameter 

3D velocity and fluctuations 

Including dropwindsondes and 
XBTs (expendable 
bathythermographs) 

802,80
3

, CH
3
S0

3
H, H2S0

4
, NO, 

N02, HN0
2

, HN03, NH,, and 
possibly DMS 

A critical measurement in MABL studies is turbu
lence. The turbulent structure of the MABL controls 
mixing of constituents including heat, moisture, 
momentum, and aerosol. Boundary layer depth, cloud 
formation and dissipation, and horizontal transport are 
directly affected by turbulence processes. Typical tur
bulence measurement strategies with manned aircraft 
include 10-50-km constant-altitude legs at multiple 
levels in the MABL. Long flights are required to gen
erate statistically significant estimates 
of turbulent mixing processes and are 

are critical in the MABL due to the important role of 
radiative processes. These processes are particularly 
important for coastal phenomena such as sea-land 
breeze circulation. However, with traditional, limited
duration research aircraft, full diurnal cycles can only 
be inferred by forming a composite of multiple mea
surement periods. These composites of multiple 
flights are limited by imprecise collocation, gaps in 
timing, and contamination of the air parcel by the air
craft plume. Long-duration flights with Pelican can 
make direct measurements with the time and space 
scales necessary to study diurnal processes. The high 
endurance of the Pelican will provide the capability 
to follow a relatively large but well-defined air mass 
in order to examine the time evolution of the atmo
spheric chemistry, of aerosols, and of clouds through
out the diurnal cycle. 

Pelican will significantly increase light-scattering 
measurements for validation of satellite-derived 
scattering properties. In those few cases where in situ 
scattering measurements complement satellite obser
vations, many of the in situ measurements were made 
at ground level. Both humidity and aerosol composi
tion change with height in the marine atmosphere and 
influence light scattering. A platform that can obtain 
high-resolution vertical profiles of the aerosol light-

very time consuming. Conventional air
craft are therefore limited both in the 
number of flight legs possible in a single 
flight and in the attainable range from 
a landing field. Pelican RP As will 
greatly expand both the number of legs 
and the observable regions for turbu
lence measurements. 

TABLE 3. ARM-UAV instrumentation. 

Turbulent processes are particularly 
important in the surface layer (lowest 
20-50 m) and in the inversion layer at 
the top ofthe boundary layer. RPAs will 
be able to make long-duration measure
ments at low altitudes over the open 
ocean and will expand direct observa
tions ofthe surface layer. Additionally, 
due to its long-duration and slow flight
speed capabilities, the Pelican will be 
able to make high spatial resolution mea
surements in the inversion layer over 
large regions. 

Often multiple manned-aircraft flights 
are used to study diurnal variations that 
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Hemispheric radiometers 
(upward and downward) 

Meteorological package 

Scanning solar 
polarimeter 

Cloud detection lidar 

Multispectral pushbroom 
imaging cloud radiometer 

Atmospheric emitted 
radiance interferometer 

Hemispherical optimized 
net radiometer 

Millimeter-wave radar 

Solar broadband (0.3-4.0-,um wavelength), 
IR broadband (4.0-50 ,urn), Total direct
diffuse (7 channels, 0.3-1.6 ,urn) 

Temperature, pressure, dewpoint, and 
frost-point 

80 channels (0.4-4.0 ,urn) including 
polarization 

Eye-safe, backscatter lidar for cirrus cloud 
detection 

9 channels (0.58-11.5 ,urn) 

Upward and downward radiance 
(3-20 ,um at 0.5 cm-1 resolution) 

Broadband solar and IR, hemispherical 
flux, and net flux 

95-GHz frequency 
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scattering coefficient in conjunction with satellite ob
servations will be a significant step forward in accu
rate interpretations of satellite-based observations. 

Propagation of electromagnetic radiation is 
strongly affected by the temperature and moisture 
structure of the atmosphere. Sharp temperature and 
moisture gradients produce anomalous refraction and 
can change radar range by hundreds of kilometers. 
Propagation models are currently based on very few 
observations in the remote ocean environment and the 
nature of horizontal variability, and its effects are 
poorly known. Most operational analysis of radar 
propagation characteristics relies on single or very few 
measurements of the vertical temperature and humid
ity profile. Critical variations in the temperature and 
humidity profile are known to occur on short time and 
space scales (0.5-5 km and 30-60 min). The magni
tude and scale of these variations in different regions 
of the world's oceans are poorly known. RP A plat
forms will greatly expand the horizontal coverage and 
diurnal timescales of the observational database on 
which radar propagation predictions rely. 

b. Stratospheric atmospheric studies 
Studies of atmospheric radiation require in situ 

measurements of gaseous constituents, cloud micro
physics, aerosol properties, and other meteorological 
parameters. Altus RPA operations over 24-h periods 
will lead to improved understanding of radiative trans
fer processes and of the interaction of radiation with 
clouds, water vapor, and aerosols. This will lead to 
the development of improved parameterizations of 
these processes for numerical climate models. The 
understanding of concentrations and temporal evolu
tion of many chemically active trace gases in the at
mosphere will also benefit from long-duration Altus 
observations. Atmospheric chemistry influences many 
greenhouse. gases. Methane and the proposed 
chlorofluorohydrocarbon substitutes are removed 
from the atmosphere by oxidizing reactions with radi
cal species, the concentrations of which are controlled 
by a complex photochemistry. Thus long-term obser
vations of the oxidizing capacity of the lower strato
sphere is a key observation needed to understand 
determining factors for several greenhouse gas life
times. Altus could also monitor the variability of the 
stratosphere-troposphere interactions and the influ
ence of the stratosphere on tropospheric climate. 

Altus will also support the DOE ARM program. 
The ARM program's primary scientific focus is on 
radiation-cloud interactions. Uncertainties in how 
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clouds interact with the earth's solar and thermal ra
diation account for almost the entire factor-of-three 
variation in the model-predicted temperature rise for 
a doubling of atmospheric C0

2
• While some of these 

uncertainties can be addressed by the ground-based 
measurements being made in the ARM program, oth
ers require measurements from within the atmosphere. 
For example, the measurements of atmospheric heat
ing in an atmospheric layer requires the measurement 
of the net fluxes at the top and the bottom of the layer 
as well as the relevant cloud properties and water va
por profiles. Satellite-based measurements are a natu
ral way of extending these process measurements to 
larger scale but would benefit from the additional cali
bration and validation that high-altitude aircraft mea
surements can provide. 

Driven by these consideration, ARM airborne mea
surements will focus on three classes of observations. 
The first is radiative fluxes, in which the Altus RP A 
is used to make high-accuracy measurements ( ~ 1%) 
of the solar and infrared radiative transport through
out the troposphere under a variety of clear, cloud, 
aerosol, and water vapor conditions. The second is 
cloud properties in which remote sensing techniques 
are used to develop and validate retrieval techniques 
for obtaining cloud reflectivity, phase (ice or water), 
effective droplet size, etc. The third science area fo
cuses on satellite calibration and validation'where the 
Altus RP A is used to indirectly calibrate sensors on 
operational satellites as well as to validate retrieval al
gorithms for such derived quantities as flux diver
gence, cloud properties, and water vapor profiles. 

c. Oceanographic studies 
Pelican, Altus, and the Aerosondes will also pro

vide opportunities for unique oceanographic observa
tions. RP As have the potential to augment ocean 
measurements in two ways. First, radiative measure
ments of the ocean with remote sensing instruments 
will provide high spatial and temporal resolution ob
servations of ocean surface features. Ocean surface 
skin temperature and color can be routinely measured 
from conventional aircraft and could be easily inte
grated into RP As. Although significant instrument 
development would be required, radar backscatter 
measurements may also be feasible from RP As. The 
advantage of RPA-based measurements would be 
longer duration flights (24-plus h) at reduced cost per 
flight hour. Second, expendable instrument packages 
that measure temperature, salinity, and currents, for 
example, could be deployed from RPAs. Long-
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duration RP A missions would extend the bounds on 
time and space scales forced by the limitations of ships 
and conventional aircraft. 

d. Remote sensing studies 
Current weather forecasting practices use satellite 

data in a variety of ways, including both qualitative 
and quantitative analysis by forecasters, as basic input 
data to numerical models and to monitor temporal and 
spatial changes in cloud and surface characteristics. 
Altus and Pelican can support research and develop
ment of systems to generate these products. The de
velopment of more effective use of satellite sounding 
data is particularly important in conventionally data
sparse areas. The derivation of methods to perform 
remote sensing processing requires a full knowledge 
of all facets of scientific principles underlying the 
satellite observations. These include radiative trans
fer theory, spatial mapping, and a fundamental under
standing of the properties of an image. RP As will 
provide the frequent observations in vertical profiles 
of atmospheric properties necessary for validation of 
remote sensing methods. 

Another unique application for the Pelican RP A 
will be observation of the aerosol light-scattering coef
ficient over the open ocean. As with many other quan
tities, measurements of light scattering over the open 
ocean are sparse. The scattering of electromagnetic 
radiation by aerosols is an important determinant of 
visibility, signal propagation, and the global energy 
balance and climate. The effect of aerosol backscatter 
is most important over the oceans due to the low albedo 
of the sea surface relative to land surfaces. Clearly, 
our ability to model global climate and to assess the im
pact of anthropogenically produced pollutants would be 
substantially increased if we had more knowledge of 
what is present in the atmosphere and the processes 
and mechanisms responsible for anthropogenic and 
natural production of aerosols over the ocean. 

7.Summary 

CIRP AS will be able to support a broad user com
munity both by providing services and by demonstrat
ing the feasibility of a new class of research vehicles. 
A Pelican aircraft equipped with a satellite data link 
but without a remote flight capability could be an af
fordable platform for acquisition and operation by uni
versity research programs. The National Center for 
Atmospheric Research, the National Oceanic and At-

Bulletin of the American Meteorological Society 

mospheric Administration, and NASA, and a few 
universities operate atmospheric research aircraft, but 
between federal agencies and academia the United 
States operates less than a dozen. Of these aircraft, 
only about five are major platforms capable of dis
tant tropospheric marine observations. Large aircraft 
costs limit their availability and use. Pelican, if suc
cessful, would be able to provide cost effective atmo
spheric and oceanographic observations to users who 
currently do not have access to airborne measurements. 

The heads and chairs of departments of atmo
spheric and oceanographic sciences, in discussing the 
needs in meteorological and oceanographic education, 
concluded that, 

emphasis must be given, throughout the aca
demic and research communities, to atmo
spheric measurements, observational methods, 
instruments, and national observing facilities. 
To fail to do so will jeopardize the ability of 
our science to adequately address our future 
challenges in operations and in research 
(Serafin et al. 1991 ). 

CIRP AS and possibly a wider use of Pelican-type 
vehicles will help to meet those needs. 
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