
NCAR 
NEWSLETTER Vol. 3 No. 2 

FEBRUARY 1976

NATIONAL CENTER FOR
ATMOSPHERIC RESEARCH

RAF Advisory Panel to  Consider Flight Requests
University researchers who wish to request 
flight support during the period from June
1976 to March 1977 should submit 
requests to the NCAR Research Aviation 
Facility (RAF) as soon as possible. The 
RAF Advisory Panel will meet here on 
18-19  March to consider requests for 
flight support with one or more of NCAR's 
four aircraft instrumented for atmospheric 
research.

Programs requesting support w ithin the 
context of NSF grants should include the 
NCAR aircraft requirements in the total 
NSF proposal. A copy of the proposal 
should be sent to RAF. Proposals not 
funded by NSF should be accompanied by 
scientific justification so that a comparison 
with NSF-supported programs can be 
made.

The RAF Advisory Panel is composed of

atmospheric scientists from universities, 
government agencies, and NCAR. Current 
members of the panel are Peter Sinclair 
(Colorado State University), James Telford 
(Desert Research Institute, University of 
Nevada), Dennis Thomson (Pennsylvania 
State University), and three persons from 
NCAR: Edwin Danielsen, James 
Fankhauser, and Gerald Grams. The panel 
ordinarily meets twice each year, in the 
spring and the fall, to consider the 
scheduling of NCAR aircraft.

RAF operates two twin-engine Beech 
Queen Airs that take basic thermodynamic 
measurements and flight-level wind data. 
Flights may be made at altitudes up to 
7.5 km above sea level. One Queen A ir is 
instrumented with a gust probe and an 
inertial navigation system (INS) and is able 
to measure all three components of air 
velocity. NCAR's twin-engine jet, a

Combined Experiment Policy 
Is Announced fo r NCAR's Electra
In order to maximize the range and 
payload capability of the NCAR Electra 
aircraft, the Research Aviation Facility 
(RAF) encourages university researchers to 
plan cooperative use whenever feasible. 
According to Harry Vaughan, manager of 
RAF, "The size and operating cost of the 
aircraft are so great that we must try to 
make each flight hour as useful as 
possible." In projects in which the 
principal investigator does not plan full use 
of all the capabilities of the Electra, NCAR 
will advertise the availability of the aircraft 
for specific flight programs and attempt to 
accommodate other investigators and to 
"piggyback" instruments on these 
programs.

After a principal program that might 
accommodate additional investigators or 
instruments has been scheduled for the 
Electra, RAF will invite participation by 
other investigators to whatever extent such 
participation fits into the principal 
program. In some cases, slight changes or 
additions to the basic flight program may 
be suggested by a secondary investigator to 
better meet his or her objectives.

After determining the feasibility of the 
proposed secondary participation and its 
relation to or impact on the primary 
research objectives, RAF management will 
discuss the proposal with the principal 
investigator. If the proposed participation 
has significant impact or is controversial, it 
may be presented to the RAF Advisory 
Panel for its recommendations.

Because of the time required to organize 
and plan a research program using the 
Electra, investigators interested in 
proposing a program using the Electra or in 
participating in programs already planned 
should contact RAF as soon as possible. 
Plans for use of the Electra in fiscal 1977 
are now being made. Investigators 
interested in using the aircraft during that 
time should call Donald Lenschow, RAF 
chief scientist, at NCAR ext. 495. 
Questions concerning scheduling and 
operation of the aircraft should be 
addressed to project engineer Alfred Rodi 
at NCAR ext. 78 - 34, via the NCAR 
switchboard. Both Lenschow and Rodi 
may also be reached at the NCAR address.

Sabreliner, offers similar measurement 
capabilities to 14 km. A  four-engine 
turboprop Electra provides long-range 
performance at altitudes up to 8 km for a 
variety of atmospheric dynamics, cloud 
physics, and radiation measurements. The 
Electra instrumentation includes an INS 
gust probe turbulence flux measurement 
system. A ll aircraft can accommodate 
additional instrumentation supplied by the 
user, and RAF flight engineers can assist 
with interfaces to data-recording 
equipment.

Flight requests and requests for further 
information should be directed to Alfred 
Rodi of RAF at NCAR ext. 78 - 34, via the 
NCAR switchboard.

New Appointm ents 
Made at NCAR
Three new appointments have been made 
at NCAR recently. The UCAR Board of 
Trustees has authorized the appointment 
of Donald Veal as director of the National 
Hail Research Experiment (NHRE)
Division and of Maurice Blackmon as chair
man of the Advanced Study Program 
(ASP). Robert Dickinson has been 
appointed leader of the Climate Project.

Veal, formerly head of the Department of 
Atmospheric Science, College of Engineer
ing, University of Wyoming, succeeds 
David Atlas, who asked to be relieved of 
his assignment as NHRE director in 
November and joined the senior scientific 
staff of ASP. Richard Sanborn was acting 
director in the interim.

Veal has been a professor at the University 
of Wyoming since 1964, when he received 
his doctorate there. He is a licensed pilot 
and has taught courses in civil engineering. 
From 1966 to 1971 he served as assistant 
director of the Natural Resources Research 
Institute at the University of Wyoming. He 
can be reached at NCAR ext. 618.

Blackmon succeeds Peter Gilman as chair
man of ASP. Gilman joined the scientific 
staff of NCAR's High Altitude Observatory 
in November after serving as ASP chairman 
for five years. Jackson Herring was acting 
chairman in the interim.

NCAR's mailing address for correspon
dence with all staff members is:

P.O. Box 3000
Boulder, Colorado 80303

To reach NCAR via FTS, dial 8, then 322-5 plus the extension; NCAR's FTS switch
board number is 322-5151. Extensions that can only be reached through the switch
board are given in Newsletter articles. From commercial telephones, call (303) 
494-5151 and ask the switchboard operator for the extension, which is given with 
the name of the NCAR contact.



Before his appointment, Blackmon was an 
ASP senior postdoctoral Fellow working in 
the Atmospheric Analysis and Prediction 
Division of NCAR from August 1975. He 
was on leave from Syracuse University, 
where he has been a professor of physics 
since 1969. A fter receiving his Ph.D. in 
physics from Massachusetts Institute of 
Technology in 1967, Blackmon was a 
postdoctoral research associate in the High 
Energy Physics Division of Argonne 
National Laboratory for two years. He can 
be reached at NCAR ext. 400.

Dickinson succeeded Philip Thompson, 
who had been acting leader of the Climate 
Project since its formation in 1973. 
Dickinson received his Ph.D. in meteorol
ogy from Massachusetts Institute of 
Technology, where he did postdoctoral 
work before joining NCAR in 1968. A 
senior scientist, he was a member of both 
the Climate and the Upper Atmosphere 
projects before accepting his new position. 
He can be reached at NCAR ext. 693.

TOF Partic ipates in High Mountain Valley Study
Scientists from  Colorado State University 

i (CSU), Utah State University, and the 
Rocky Mountain Forestand Range Experi
ment Station o f the United States 
Department o f Agriculture (USDA) were 
assisted by NCAR's Field Observing Facil
ity (FOF) in a study at Vail, Colorado, 
from 1 to 19 December, to gather data to 
help determine how local weather condi
tions affect air quality in high mountain 
valleys.

The researchers are attempting to identify 
the factors that hold cold layers of stable 
air in the valley bottom. These inversions 
— cold air overlaid with warmer 
air— commonly form at night and are 
responsible fo r trapping pollutants from 
autos, heating systems, and other sources 
near the ground, resulting in a layer of 
polluted air. The scientists also hope to 
identify conditions that break up and 
disperse the cold air layers. They are

Computer Programs Are Available 
fo r Solving E lliptic Partial D iffe ren tia l Equations
An extensive package of FORTRAN sub
routines for solving elliptic partial differen
tial equations is available from the NCAR 
Computing Facility. These equations occur 
frequently in the geophysical sciences and 
solving them can be a formidable task from 
the standpoints of both programming and 
computation time. The package is fu lly 
documented in NCAR Technical Note 
TN /IA  - 109, Efficient FORTRAN Sub
programs for the Solution o f Elliptic 
Partial Differential Equations, by Paul 
Swarztrauber and Roland Sweet, both of 
the Computing Facility.

The package consists of seven chapters, 
each of which describes a subprogram for 
solving a particular class of elliptic equa
tions. Helmholtz's equation is solved in 
cartesian, cylindrical, and spherical 
coordinates, subject to the solution or the 
derivative of the solution being specified 
on the boundary. Periodic boundary 
conditions may also be specified. Other 
subprograms in the package can be used to 
solve the more general separable elliptic 
equation.

Although the programs solve only two- 
dimensional problems, they can easily be 
adapted to solve three-dimensional 
problems using the methods described.
They utilize state-of-the-art methods and 
treat several special problems, such as 
coordinate and operator singularities. 
Although some discussion of these 
methods is included, program descriptions 
are presented separately for scientists who 
wish to use the package strictly as a 
computational aid. The emphasis is on 
convenience of use, and sample problems 
and programs are included.

The Technical Note contains 139 pages and 
the subroutine package consists of approxi
mately 5,000 cards. The book and a 
software order form  may be obtained by 
writing to:

Information Services Office 
Computing Facility
National Center fo r Atmospheric Research
P.O. Box 3000
Boulder, Colorado 80303

The completed software order form may 
then be returned to the Computing Facility 
and the programs will be mailed on tape.

NCAR Appoints D irector 
fo r Equal O pportunity 
Programs
NCAR has appointed John Arnold to be 
Director of Equal Opportunity Programs 
and assistant director of NCAR. Before 
coming here, Arnold was affirmative action 
officer at the University of California at 
Los Angeles (UCLA) and had previously 
held UCLA positions as employment 
manager and director of career opportunity 
programs.

Arnold can be reached at NCAR ext. 203 
or at the NCAR address.

studying how the heating effect of 
sunshine on the valley walls sets air in 
motion, causing local winds, and how these 
winds circulate and influence the cold air 
layer on the valley floor.

The study of interactions among these 
weather elements involved sampling 
stations in Vail and in the surrounding 
White River National Forest. Study leaders 
were Douglas Fox of USDA, Thomas 
McKee of the CSU Department of 
Atmospheric Sciences, and Gene 
Wooldridge of the Utah State University 
Department of Soil Sciences and 
Biometeorology. Robert McBeth of FOF 
directed the use of NCAR's Boundary 
Profile (BP) system, a lightweight portable 
tethered balloon supporting an instrument 
package of meteorological sensory and 
telemetry equipment. The BP system was 
used in the CSU work to measure wind and 
temperature along the boundary between 
the cold air and the warm air in the 
inversion layer. The CSU and USDA groups 
also measured winds and temperatures near 
ground level on the valley floor and along 
the surrounding mountainside. The Utah 
group monitored air movement within and 

[above the inversion boundary layer.

|The Utah State scientists used balloons 
djusted to fly  at specific heights above the 

valley floor, tracking the balloons from 
two points in the valley. They gathered 
detailed information to measure the degree 
of interaction of large weather patterns 
with local conditions in the valley.

Data collected from the project will be 
used to improve a USDA computer model 
of wind conditions in mountainous terrain. 
The data will also help scientists determine 
how well the model works in predicting 
complex mountain weather patterns. When 
fu lly developed, the model should be a 
valuable tool for identifying mountain 
areas prone to air pollution and for 
predicting when conditions that cause 
pollution may occur.

Inquiries regarding use of the NCAR BP 
system for university research should be 
directed to Robert Serafin, manager of 
FOF, at NCAR ext. 77 - 740, via the 
NCAR switchboard, or at the NCAR 
address.



Upper Atmosphere Project Studies Human Impact on Ozone Layer
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C F C I3 (F luorocarbon II)
—  Theoretical Calculation by Paul Crutzen. 

♦  Measured by Leroy H e id i's  Group.

CF2 C l2 (Fluorocarbon 12)
—  Theoretical Calculation by Paul Crutzen. 

o Measured by Leroy H eid t's  Group.
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The human impact on the stratospheric 
ozone layer is a major concern of the 
NCAR Upper Atmosphere Project (UAP) 
and its collaborators in the university 
community. To understand the ozone 
cycle, which involves almost a hundred 
known chemical reactions, and to deter
mine the influence of pollutants on ozone, 
the measurement and study of many ^
chemical species in the stratosphere are 
necessary. This is a brief review of current ^  
UAP work directed toward understanding §  
the human impact on ozone; it is designed h  
to acquaint university researchers with the ( j 
scope of the research and to solicit their 
interest in possible collaborative efforts.

The goal of UAP, which is led by John 
Gille, is to attain an integrated, quantita
tive understanding of the chemical, 
physical, and dynamical processes in the 
stratosphere and to learn how these 
processes are linked to solar variability and 
to natural and anthropogenic processes in 
the lower atmosphere.

The ozone problem became widely recog
nized in 1971 with the supersonic 
transport debate. Late in 1974, a number 
of researchers demonstrated that chloro- 
fluorocarbons produced and used by 
humans (CFCI3, called fluorocarbon 11, 
and CF2CI2, called fluorocarbon 12) could 
be depleting the stratospheric ozone layer, 
which protects life on earth from harmful 
doses of solar ultraviolet radiation.

Theoretical Studies

Models recently developed by several 
researchers in the field predict an efficient 
catalytic ozone decomposition by strato
spheric chlorine and bromine. Scientists 
theorize that a significant percentage of the 
chlorine may be derived from synthetic 
chlorofluorocarbons and chlorocarbons, 
which are photodissociated by ultraviolet 
radiation in the stratosphere, thereby 
releasing chlorine atoms.

Paul Crutzen and Ivar Isaksen have 
collaborated in developing a detailed, one
dimensional photochemical diffusive model 
that has been used to predict the environ
mental effects of the release of chloro
fluorocarbons into the atmosphere.
Crutzen has a jo in t appointment in UAP 
and at the Environmental Research Labora
tories (ERL) of the National Oceanic and 
Atmospheric Administration (NOAA) in 
Boulder, Colorado, and Isaksen, who is 
from the University of Oslo, Norway, was a 
visitor to NOAA/ERL last year. Their 
model extends from the ground to 65 km, 
with a vertical height step of 1 km.
Measured densities of CH4, N20, and H2 
are used as lower boundary values at the 
ground. Using the model, Crutzen and 
Isaksen have estimated that the entire 
chlorofluorocarbon industry may already 
have caused an average global reduction in 
total ozone of about 2%.

Crutzen is also collaborating with Donald 
Heath and Arlin Krueger of NASA's 
Goddard Space Flight Center, who have 
analyzed data from the backscatter ultra
violet instrument aboard the NASA space 
satellite Nimbus 4. Their results show a 
drop in ozone concentrations above 34 km 
at high geomagnetic latitudes (above 70 ) 
after a 1972 solar proton event in which 
showers of energetic protons reached the 
earth after a series of strong solar flares. 
Crutzen says, “ Nature did a well-defined 
experiment and provided a preliminary 
comparison between theoretical expecta
tions and observational facts. The results 
strongly add to the credibility of the 
model." The measured drop in ozone 
levels— about 17% at 38 km— was close 
to the model's predictions.

Atmospheric Sampling

The predictions of the models of Crutzen 
and Isaksen and others are also being 
supported by field studies conducted by 
UAP researchers. Allan Lazrus, Bruce 
Gandrud, and Robert Woodard, all of UAP, 
and William Sedlacek of the Los Alamos 
Scientific Laboratory have been engaged in 
a field study to demonstrate the existence 
of stratospheric hydrogen chloride (an end 
product of the ozone dissociation chain). 
They are also attempting to observe its 
distribution in terms of latitude and alti
tude, to detect seasonal variability, and to 
test the possibility of alternate sources of 
chlorine such as volcanoes and sea salt. 
Their approach has been to capture the 
hydrogen chloride from stratospheric air as 
it passes through a filte r impregnated with 
an alkaline reagent. The filters are flown on 
both balloons and aircraft. In addition, 
similar efforts are being made in the case of 
bromine, which may be more efficient than 
chlorine in catalyzing ozone destruction.

Initial results show the presence of 
hydrogen chloride in amounts predicted by 
current models on the basis of chloro
fluorocarbon contributions and, though 
measurements are still sparse, they support 
a stratospheric source rather than the 
alternate tropospheric sources. The 
concentrations of chlorine observed in 
stratospheric aerosols are very small, 
indicating that particle formation may not 
provide a significant removal mechanism. 
Comparison of hydrogen chloride 
concentrations observed in autumn 1974 
with those observed in spring 1975 suggests 
a seasonal variability, but more data are 
needed to confirm this. Neutron activation 
analysis of these samples reveals low 
concentrations of bromine in the strato
sphere, and indirect chemical evidence also 
suggests that sea salt aerosol and volcanic 
eruptions are not principal contributors to 
total inorganic halogens in the strato
sphere. (However, modeling efforts by 
Richard Cadle of UAP suggest that major 
volcanic eruptions can greatly increase 
stratospheric halogens for short periods of 
up to a year or so.)

The filte r sampling program is part of a 
jo in t research venture with the Division of 
Biomedical and Environmental Research of 
the Energy Research and Development 
Administration (ERDA); it was also part of 
the Climatic Impact Assessment Program 
of the Department of Transportation. 
Further measurements of stratospheric 
halogens and related trace constituents will 
be made jo intly with NASA and ERDA by 
Gille, Lazrus, Gandrud, and Sedlacek.
Their plans include establishing the 
contribution of chlorofluorocarbons to 
stratospheric chlorine by measuring the 
degradation products of their photolysis.

The measurement of chlorofluorocarbons
3



and other trace gases in the stratosphere is 
also being done by a UAP trace gas 
measurements group led by Leroy Heidt, 
with the help of Richard Lueb and Walter 
Pollock. Stratospheric samples they have 
been gathering with a cryogenic sampling 
system since 1973 support the model 
predictions, which are based on diffusion 
of CFCI3 and CF2CI2 into the stratosphere 
and their subsequent photodissociation. As 
seen in the figure, the measured profiles of 
these chemicals agree reasonably well with 
the Crutzen-lsaksen predictions.

A flight made from NCAR's National 
Scientific Balloon Facility in Palestine, 
Texas, in June 1975 was particularly 
significant because it took the first high- 
altitude (35 km) samples in which fluoro
carbons could be measured. In this 
technique, samples are taken at altitudes 
up to 45 km with two cryogenic samplers. 
One sampler can be flown up to 35 km on 
a low-pressure, helium-filled balloon with a 
volume of 104,500 m3 ; it takes 16 10 2 
samples. The other sampler is smaller and 
lighter; it takes four 10 2 samples and can 
be flown up to 45 km on a 435,000 m3 
balloon. Grab samples are also taken from 
the NCAR Sabreliner jet aircraft, from the 
ground to 13 km. Heidt's group is collabo
rating with a group led by Robert Woods at 
Sandia Corporation in Albuquerque, New 
Mexico, to develop a flyable gas chromato
graph. The instrument will be flown aboard 
a balloon to measure reactive species.

including CCI4, CH3CI, and CHCI3. In 
addition, the group is working on the 
development of a small rocket sampler 
(13 cm in diameter), which will be able to 
take several 5 2 samples up to 75 km.

Remote Sensing

In addition to theoretical modeling and 
direct sampling of the upper atmosphere, 
UAP scientists have been gathering infor
mation on ozone by remote sensing 
techniques. William Mankin of UAP has 
made several flights employing near- and 
far-infrared spectrometers to sense ozone 
and other species in the stratosphere. Both 
instruments are computer-controlled. 
Vertical ozone profiles have been measured 
globally by the Limb Radiance Inversion 
Radiometer (LRIR) experiment, an 
NCAR/university/industry jo in t endeavor 
funded by NASA; the instrument went 
into space on 12 June aboard the Nimbus 6 
satellite (NCAR Newsletter, Vol. 2, No. 8, 
September 1975). The LRIR is providing 
the first global data sets of simultaneous 
temperature, ozone, and water vapor 
distributions, with excellent vertical resolu
tion. Gille is principal investigator for the 
experiment and coordinator of the 
activities of the LRIR science team, which 
comprises Paul Bailey of UAP (visitor from 
Florida State University), Frederick House 
of Drexel University, Richard Craig of 
Florida State, and John Thomas of the 
Honeywell Radiation Center. A similar

instrument is scheduled to fly  aboard the 
Nimbus G satellite in 1978, to provide data 
that w ill be useful for comparison with 
Nimbus 6 ozone data and to provide 
information on several other species.

In addition to  these efforts on ozone, UAP 
is carrying out research related to upper 
atmospheric aerosols, three-dimensional 
dynamics o f the stratosphere and meso
sphere, and the dynamics o f the thermo
sphere and ionosphere.

University researchers interested in the 
work of the Upper Atmosphere Project are 
welcome to  call Gille or other project 
members at NCAR ext. 251 or to write to 
them at the NCAR address.

Report on Data Sets 
Is A va ilab le
A report entitled Data Sets fo r Meteoro
logical Research, has been issued as NCAR 
Technical Note T N /IA  - 1 1 1 . l t  describes 
meteorological data sets from various 
institutions and agencies for use in 
meteorological research. The report was 
written by Roy Jenne of the Computing 
Facility.

Researchers may request copies from 
Janis L. Romancik in the Publications 
Office, NCAR ext. 281.

UCAR Member Institutions
University of Alaska 
University of Arizona 
California Institute of Technology 
University o f California 
Catholic University o f America 
University o f Chicago 
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University o f Colorado 
Cornell University 
University o f Denver 
Drexel University 
“Florida State University 
Harvard University 
University o f Hawaii
University o f Illino is at Urbana-Champaign

Iowa State University
Johns Hopkins University
University erf Maryland
Massachusetts Institute o f Technology
McGill University
University o f Miami
University o f Michigan
University of Minnesota
University o f Missouri
University of Nevada
New Mexico Institute of M ining and Technology 
State University o f New Y ork at Albany 
New York University 
Ohio State University 
University o f Oklahoma

Oregon State University
Pennsylvania State University
Purdue University
Rice University
Saint Louis University
Stanford University
Texas A&M  University
University o f Texas
University o f Toronto
Utah State University
University o f Utah
University of Washington
University o f Wisconsin
Woods Hole Oceanographic Institu tion

N C A R  
N E W S L E T T E R
Issued m onthly by the 
Communications Services Department 
National Center fo r Atmospheric Research 
P.O. Box 3000 
Boulder, Colorado 80303

Editor, Judith Goode, ext. 645.

The National Center for Atmospheric 
Research (NCAR) is operated by the 
private, nonprofit University Corporation 
fo r Atmospheric Research (UCAR) whose 
members are institutions w ith doctoral programs 
in the atmospheric sciences. NCAR's operation is 
supported by the National Science Foundation 
(NSF). NCAR is an equal opportun ity  employer.

N o n p r o f i t  O rg a n iz a tio n  

U.S. POSTAGE PAID
B o u ld e r, C o lo ra d o  

P e rm it N o . 558


