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INTRODUCTION

The NCAR Research Aviation Facility (RAF) operates four instrumented 

research aircraft composed of two twin piston-engine Queen Airs, a twin jet 

Sabreliner, and a large four-engined Electra aircraft. The NCAR aircraft 

facility is available for support of research within the atmospheric 

sciences. Over the past years these RAF aircraft have been used in a wide 

variety of programs and have contributed to progress in atmospheric dynamics, 

in cloud and precipitation physics, in the broad areas of air chemistry and 

pollution, in continental and oceanic boundary layer studies, in weather 

modification and in a variety of other smaller but important programs.

Instrumented aircraft are irreplaceable for many forms of atmospheric 

measurements in these programs. The ability of the aircraft to follow 

significant weather systems, to deploy quickly to regions of interest, and 

to sample over long distances, economically, in a short period of time are 

powerful advantages. In some cases, aircraft measurements complement 

evidence available from remote sensing and modelling. In other cases, the 

aircraft measurements stand alone and are not supported by ground remote 

and immersion-type measurements. This is especially the case for over-ocean 

and/or arctic researches.
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A. PRESENT STATUS

1. Queen Airs

The Queen Airs have proven to be the work horses for the RAF scientific 

support through the years. This type aircraft has been highly useful for the 

short range, low cost support necessary to a variety of tasks such as re

quested by the single investigator or small research group. For example, 

during mid-summer, a Queen Qir (and the NCAR Sabreliner) supported John 

McCarthy's cloud and boundary wind shear studies within project SESAME.

During October-November, Queen Air N304D was flown with excellent results 

for Alan Lazrus in the APEX (Acid Rain) program. This and (two) previous 

flight programs for APEX have provided data for analysis by the APEX team 

of air-chemistry scientists which places this team in a leadership role in 

a nationally important program. During November-December, Queen Air N306D 

simultaneously supported the Colorado Orographic Seeding Experiment for 

Lewis 0. Grant of the Colorado State University and an Upslope Stratus study 

by Weickmann and Riehl (of CIRES).

Initially, the equipment and data systems flown on the Queen Airs were 

simple and elementary. In these early research configurations, they operated 

effectively to 9 kilometers altitude and with endurance of as much as 4 to 

5 hours. However, over the years, in response to user needs, we have added 

gust-probe booms with Inertial Navigation Units (INU's), sophisticated data 

systems, Venturi's cloud probes, etc. which add weight, increase drag, use 

available research electrical power, and which, themselves, represent a 

large fraction of the payload permitted on the aircraft. As a result, these 

aircraft have become inadequate to support the scientific community and do, 

in fact, put serious limits on almost every mission supported. These limits
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are due to limits in range, altitude, endurance, scientific instrumentation, 

the number of scientific observers or operators, etc. Often these limits 

are associated with flight conditions —  such as in-flight icing, high 

ambient airport runway temperatures, or IFR flight conditions. These 

limits are so serious that it is now essential to replace the Queen Airs 

as early as possible with higher performance, more capable aircraft.

2. Sabreliner

The Sabreliner is NCAR's high altitude aircraft and permits research 

in the range above 20,000 ft. up to 42,000-43,000 ft. Somewhat higher 

altitudes —  up to 50,000 to 55,000 ft. —  would be desirable, but are not 

possible with the Sabreliner. The Sabreliner has been essential to 

experimental programs in upper tropospheric and stratospheric chemistry and 

in troposphere-stratosphere exchange mechanisms. The aircraft also is 

important for upper level measurements of cloud systems and cloud-system 

environments - as, for example, in the 1979 SESAME program, where the 

Sabreliner was equipped to perform cloud and cloud-environmental measure

ments and for dispersing multi-altitude radar chaff cartridges. Following 

SESAME, the Sabreliner supported W. Mankin's upper-altitude spectrographic 

studies of air chemistry constituents on the way to and from Crutzen's 

Brush-fire (Biomass-Climate) study in Brazil.

The Sabreliner is a relatively new aircraft in terms of total airframe 

flight hours. It is in excellent mechanical condition, is a currently 

manufactured aircraft, has modest operational costs, and should be service

able for at least another 10 years. It can support a reasonable research 

"on-station" time (^3 hours) at low altitude if necessary. Cabin space and 

payloads are limited.



-4-

3. Electra

The Electra is a large intercontinental four-engined aircraft well 

suited to remote operations over oceans and polar regions by virture of the 

number, size, and reliability of the engines. The aircraft size, volume, 

electrical power, range and endurance, make the Electra the aircraft for 

the support of a scientifically significant grouping of researches. This 

aircraft was acquired, used and initially equipped for the international 

GATE (.1974) program. In the past two years, the Electra has supported 

Businger's (University of Washington) JASIN program - a multi-national 

ocean-atmospheric exchange mechanism study flown from a base in Scotland, 

the major multi-investigator air chemistry GAMETAG program (Doug Davis - 

Georgia Institute of Technology) and the GARP - MONEX winter (1978) and 

summer (1979) experiments. Though normally scheduled for 250 flight hours 

per year, the Electra supported in excess of 550 research flight hours 

during FY-79. The largest fraction of these were in support of MONEX.

In addition to these "international" programs, the Electra research aircraft 

supported the CYCLES winter storm study program (in EY-79) for Professor 

Hobbs, University of Washington. Plights in all of these cited programs 

were over ocean. These programs included gust probe and air motion, cloud 

physics, radiation, aerosol loading, dropwindsonde, and flight-level 

temperature, pressure and humidity measurements. Several-to-many scientific 

investigators were associated with each of the programs.

The RAF has just completed the major five-year periodic maintenance 

on the Electra wing at a cost of nearly $100K. During FY-80, a current 

state-of-the-art data system will be installed. Following this, the Electra 

will be in comparatively excellent condition mechanically and with respect 

to its onboard research systems, and appears fully capable of being maintained 

for the period through 1984-85.



4. RAF Staff

The making of meaningful and useful measurements reliably from a fast- 

moving platform of such parameters as turbulent velocity, temperature, 

water vapor, cloud droplet size distribution, and the concentration of 

reactive trace gases, in a properly designed and implemented aircraft 

program, is intrinsically difficult. Success in being able to do this 

requires a facility staff of exceptional quality: instrumentation en

gineers who are able to design and develop instrumentation and data pro

cessing equipment that is state-of-the-art; technicians who are able to 

ensure instrumentation reliability and calibration under severe flight 

conditions; staff scientists who understand the scientific goals and are 

able to ensure flight programs to achieve them; operational crews who 

appreciate project scientific objectives and are able to respond in a 

flexible and timely manner, and under difficult operating conditions, to 

achieve them; and data processing specialists who can maximize the 

information content of the data acquired.

Through judicious use of staff replacements over the past 18 months, 

including Byron Phillips (Manager), Dr. Carl Friehe (Deputy Manager),

Dennis Knolton (Chief Engineer) and Dr. Peter Hildebrand (Staff Scientist), 

and the establishment of effective and smooth working ties with the 

development teams in RSF and FOF, the facility is currently technically 

stronger than ever before and stands ready to assume the responsibilities 

and challenges of the 1980's.

B. FUTURE RESEARCH AIRCRAFT NEEDS FOR PROGRESS IN THE ATMOSPHERIC SCIENCES

This section first outlines the foreseen 1980 decade research directions 

in the broad scientific areas served by the RAF. The picture seems relatively
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clear as regards the primary future research paths. Next, the know programs 

which are currently scheduled or within planning stages are tabulated along 

with probable aircraft support levels. These substantiate the program 

support requirments in a real way. Lastly, the decision points for air

craft and aircraft-system developments are specified to show what decisions 

and what schedules are essential to be achieved by RAF to support progress 

and to provide RAF leadership within the atmospheric scientific community 

during the 1980 decade.

1. Research Directions

The use and need for aircraft measurements can only grow larger in the 

decade of the 1980's and following. Research areas that will require heavy 

use of research aircraft include:

a. Air Chemistry

Atmospheric Chemistry programs are either continuing or in 

advanced planning stages. In such programs there is a general requirement 

to measure, simultaneously, a long list of chemicals in either gas or 

particulate form which interact with each other. This results in measure

ment programs which usually require several or many scientists to participate 

on the same aircraft platform. Also, since many of the individual measure

ments (from aircraft) are in their infancy, commonally much of the equipment 

brought aboard the research aircraft simply is laboratory equipment which 

is almost totally not designed with the restrictions of weight, power, and 

the aircraft vibration and temperatures in mind. These factors necessitate, 

within much of the 1980 decade, the availability to the air chemistry 

community of large aircraft of the Electra size with adequate electrical 

power and environmental cabin control. The GAMETAG program, a multi-agency 

program planned to continue through 1984-85, is an important example of this
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type program need. In nearly all air chemistry concerns, the science is 

progressing from simple monitoring to consideration of dispersion, turbulent 

fluxes and transport mechanisms. This requires simultaneous measurement of 

the air motion and chemical constituent parameters.

The nationally significant acid-rain (APEX) project carried forward by 

a team of NCAR and university scientists chiefly under EPA sponsorship is an 

equally important example of air chemistry measurements which, however, have 

utilized smaller (Queen Air) aircraft. This program will continue and can 

be expected to increase the complexity of the flight measurement requirements.

Other important air chemistry researches include:

Studies of Stratospheric gaseous and particulate levels, chemical 

reactions, and exchange processes. These entail high altitude 

aircraft for mounting of remote (absorption spectrograph, etc.) 

and jLn situ measurements.

Biosphere - Atmosphere interaction studies - ranging from studies 

of biomass burning such as measured in Crutzen's 1979 Brazil program 

to carbon-dioxide studies.

b. Boundary Layer and Middle and Upper Tropospheric Exchange and
Energy-Dissipation Studies

Requires measurement of heat, momentum, moisture, gases and 

particulate transport.

c. Winter Storms

Major research efforts in extra-tropical winter storms are being 

planned. We can infer that the investigation of winter storms will be an 

important national objective for the 1980s. Beginning with a combined STREX-



CYCLES program in the Pacific Northwest in Fall 1980, we may expect several 

winter storm field measurement programs in the decade. The need for pre

cipitation and precipitation-growth studies in the icing environment place 

special requirements on aircraft (see Appendix A - Icing). The winter 

storm studies can be expected to be multi-agency supported and involve 

other agency research aircraft. Both small and large aircraft, well 

equipped with cloud and precipitation measurement instrumentation and air 

motion probes, will be necessary.

d. Convective Storm and Mesoscale Storm Studies

The RAF aircraft are expected to support two nationally 

significant programs: the NCAR-university-Department of Interior CCOPE/ 

HIPLEX, and Project SESAME. Current planning indicates that these programs 

will each go to the field every third year but in alternate years. Each of 

these programs will involve heavy commitments of the nation’s surface 

observational equipment (multi-doppler radar, multi-wavelength radar, 

ground networks, upper air radiosondes) and research aircraft. Aircraft 

will be essential for studies of the evolution of water and ice, for 

particle sampling, for looking at super-cooled water and solid ice 

distributions in fairly heavy weather - i.e., for in situ precipitation- 

property determinations for support of remote probe kinematic measurements. 

These research programs will investigate a variety of related convective 

cloud and storm processes including feeder cloud evolution, the storm- 

peripheral environmental, the pre-storm environment (necessitating critical 

boundary layer measurements in the evolving storm environment), boundary 

layer wind fields and wind shears associated with storms, etc.

A somewhat related multi-agency program directed at looking at thunder

storm kinematics and surface wind shear related to downbursts is being planned 

for the summer of 1982.



e. Weather Modification

It appears that increased research will occur in this area 

during the 1980s. The HIPLEX program is but one example. Presently, the 

RAF is supporting the Colorado State University Colorado Orographic Seeding 

Experiment (COSE) and the CIRES, University of Colorado/NOAA Upslope program. 

The DOI is planning a "second-generation" wintertime seeding experiment for 

the upper Colorado River area beginning about 1982.

f. Climate

We see a need for increased measurements related to ocean - 

atmosphere coupling, to cloud and surface albedo and radiation, to fluxes 

of particulates and gases (part of BIA).

2. Research Programs Requiring Aircraft Support

We have outlined above some of the major research areas which must be 

served by the nation's research aircraft. The outline is at once almost 

overwhelming, especially so when one recognizes that significant development 

programs are mandatory for the aircraft research systems and instrumentations 

necessary to fulfill the scientific needs. Even so, this outline is in no 

way definitive as to the research aircraft support requests which can be 

anticipated through the years. Many smaller programs are not included which 

are still worthwhile scientific programs.

Table I gives a summary of known programs which exist, or are in the 

planning stage, that are expected to involve RAF aircraft.
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Table I: Known Programs Requiring RAF Research Aircraft Support

CODE

APEX

Joint I I  
Follow On

Winter Lake 
Storms

Jet Stream 
Dynamics

Mankin

STREX-CYCLES

GAMETAG

ALPEX

East Coast 
Storms

CCOPE

SESAME

Coastal Dynamics

Acid Rain

Coastal Upwelling 
Boundary Layer

Cloud Physics and 
Urban Plumes

Stratospheric-Tropo- 
spheric Exchange

Stratospheric
Chemistry

Winter Storms

Trace Gas Chemistry

GARP; Flow Around 
Mountains

Winter Storms 

Convective Storms 

Mesoscale Dynamics

1980

1980 and f f  

1981,1982

1981 

1981

1981 and f f  

1980

1981-1985 

1980 and f f

1982-1984 

1981,(1984) 

1983,1986

Queen A ir  

Queen A ir  

Queen A ir

Queen A ir  (2)

Sabreliner

Sabreliner

Electra 

Electra 

Electra

Electra

Queen Air/ 
Sabreliner

Twin Turbo/ 
Sabreliner
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3. Decision Points on Aircraft, and Aircraft System Development

a. Aircraft

Primary to the RAF long range plans is the replacement of the 

Queen Air aircraft by more capable turboprop aircraft. NCAR has ahead two 

decision points.

Decision 1: In the next few months, a decision will be made 

as to the type and characteristics for the first twin-turboprop. Current 

plans call for acquisition of this aircraft in FY-81 with operations at a 

level of 350 hours scheduled to begin in FY-82. In order to cover the cost 

of instrumentation of the twin-turboprop in FY-81 ($400K), NCAR will maintain 

the Electra in FY-81 in a state of operational readiness but will not fund 

actual costs of operations; the users will be expected to supply these.

Decision 2: Late in FY-82, a decision must be made on the future 

disposition of the Electra. One possible outcome would be the determination 

to retain the Electra through at least FY-85. In that case, we would defer 

acquisition of the second twin, turboprop aircraft. If it is decided (in FY-82) 

that the Electra will be removed from the RAF fleet in FY-84, then in FY-82 

we would move to acquire a second twin turboprop aircraft, this one a medium

sized aircraft if possible. In the medium twin-turboprop class there appear 

few candidate aircraft— none in current manufacture in the U.S. The Gulf- 

stream I is one possibility. This would provide a serviceable medium sized, 

medium performance aircraft (altitude similar to the Electra, range 6 to 6-1/2 

hours, etc.). Such an aircraft would permit support of programs demanding 

greater payload and larger cabin volume (and, with modification, longer range) 

than could be provided by the King Air 200T for example. Operational costs 

would be similar to the Sabreliner. It is important to recognize that such an 

aircraft is not an exact replacement for the Electra and could only fulfill
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some of the Electra's roles. Because of the two-engine configuration, this 

aircraft would necessarily be deployed more cautiously in polar and over

ocean research than is the case with the Electra. The aircraft would be 

capable of being ferried to, say, a mid-Pacific island operations base and 

perform flights from this base for oceanic-atmospheric monitoring or air 

sampling.

There can be no question of the need during the late 1980s for an 

aircraft capable of supporting the multi-investigator programs in air 

chemistry on the one hand, and capable of supporting long duration, severe 

environment cloud physics and dynamics investigation of winter storms on the 

other. This is not an inexpensive requirement, however, no aircraft exists 

within the atmospheric science community which is capable of meeting these 

needs. It appears UCAR/NSF has three possible routes (to be explored in 

1982-83) :

1. Do not support fully - plan for only partial fulfillment of need 

by means of small a/c.

2. Acquire and operate an a/c capable of doing the task on NSF funds.

3. Arrange multi-agency (NASA, NOAA, DOD, DOE, EPA, NSF) aircraft 

acquisition funding and operation.

b. Aircraft Systems Development

By the mid-1980's, we plan that new aircraft will replace the 

present Queen Airs (or one, the Electra). In the same time frame we will 

have developed highly reliable and versatile onboard data and instrumentation 

packages for the in situ measurements and will improve our quick-look data 

processing. Equally important, we will see the development of remote sensing 

measurements from the aircraft platform including remote in-cloud and clear-air
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temperature measurement by IR radiometers, vertically pointing microwave 

aircraft Doppler radars and quantitative radar reflectivity measurements. 

These developments, and the continuing improvement (necessarily) of 

scientific staff competence within the facility, will enhance the role of 

aircraft measurement from support of atmospheric science partially to the 

role of pacing the science. As was the case with the FOF, improved ability 

to take quality measurements opens new horizons for scientific exploration.

C. THE LONG RANGE BUDGET PLAN FOR THE RAF

Table II gives a summary of the long-range (FY-80 to FY-87) budget plan 

for the RAF.


