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NASA GLOBAL ATMOSPHEFIC SAMPLING PROGRI-M (GASP)
DATA REPORT FOR TAPE VL0009

V

by J. D. Holdeman, Thomas J. Dudzinski,

°	 Ted W. Nyland, and Marvin W. Tiefermann

Lewis Research Center

SUMMARY

Atmospheric trace constituents in the upper
and lower stratcsphere are being meaGured a
Global Atmospheric Sampling Program (GASP),
automated air sampling systems on board the
research aircraft and four commercial B-747
routine airline service.

troposphere
s part of the
using fully
NASA CV-990
aircraft in

This report is the eighth of a series of reports which
describes the currently available GASP data, including
flight routes and dates,- instrumentation, data processing
procedures,	 and	 data	 tape	 specifications.	 In-situ
measurements of atmospheric ozone, carbon monoxide,
condensation nuclei,. and clouds, and related meteorological
and flight information obtained during Pan American World
Airways Fiftieth Anniversary Flight on October 28-31, 1977
are reported.	 These data are now available from the
National Climatic Center, Asheville, North Carolina. In
addition to the GASP data, tropopause pressures obtained
from time and space interpolation of National Meteorological
Center (NMC) archived data for the dates of the flights are
included.

INTRODUCTION

This report announces the availability of atmospheric
trace constituent data obtained at altitudes from 6 to 13.7.
km during four flights of the GASP-equipped B-747SP, N533PA,
on October 28, 29, 30, and 31, 1977.

` The objectives of the NASA Global Atmospheric Sampling
Program are to provide baseline data of selected atmospheric
constituents in the upper troposphere and lower stratosphere
and to document and analyze these data to 1) provide a
better understanding of the dynamics of the atmosphere in
the region where commercial aircraft fly, and 2) provide
initial value boundary conditions for atmospheric models
being used to assess potential adverse effects from aircraft
exhaust emissions ui, the natural atmosphere.
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The GASP p.r_ogram began in 1972 with a feasibility study
of the concept of using commercial airlin e=rs in routine
service to obtain atmospheric data. Since then, this
program has progressed from design and acquisition of
hardware to collecting global data on a daily basis (refs.
1-6). Fully automated GASP systems have been operated on a
United Airlines B-747, two Pan American World Airways

	

B-747 1 s, a Qantas Airways of Australia 5-747, and the NP_SA	 r
CV-990 research aircraft.	 The GASP system design, the
measurement instruments, the o p -board ccmputer for automatic
control and data	 management,	 and system	 maintenance
procedures are described in references 7 and 8.

This report is the eighth in a series of reports to
announce the availability of GASP data from the National
Climatic Center, Asheville, North Carolina, 2e801. Data for
March 1575 through December 197E are archived on tapes
VL0001-VL0008 (refs. 9-15)	 For each of these tapes, the
•t '	 d covered,	 h	 f f^,me periods 	 and the GASP aircraft from which data
are archived are identified in table I.	 An alyses of GASP
data are reported in references 16-23. On tape VL0009, data
are	 reported	 from	 Pan	 Am's	 Fiftieth	 Anniversary
around-the-world-via-the-poles	 flight	 flown	 by	 the
GASP-equipped B-747SP, N533PA, on October 28-31, 1977.

^C

DATA ACQUISITION

For each GASP flight, data acquisition begins or_ ascent
through the 6 km altitude flight level, and terminates on
descent through 6 km. A complete GASP sampling cycle is 60
minutes, divided into 12 five minute sampling segments.
During alternate segments (at 10 minute intervals), air
sample data are recorded for all instruments.	 During the
intervening segments the system is in one of six different
calibration cycles	 to allow for 	 in-flight checks on	 s
instrument	 operation	 (if	 required) .	 Whenever	 any
calibration cycle is not needed for a given instrument, that
instrument acquires air sample data during the segment. For
normal GASP sampling a 16 second recording is made at the
-end of each five minute sampling segment. However, because
of the special nature of the Fiftieth Anniversary flight,
the GASP data recorder was operated continuously, resulting
in data records at four second intervals for these flights.

	Cassette tapes, on which the data are recorded onboard 	
w

the aircraft	 in	 serial format,	 are transcribed	 to
Y

computer-compatible foria for data reduction.. At this stage,
labcratory instrument calibration information required for
data processing is included, redundant and non-usable data
are removed, and the data are re-transcribed to final form
and units_. On the - GASP archive tapes, the data are grouped
by aircraft and identified by flights with the airports of
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departure	 and	 arrival	 .1esig11.ated	 by	 the	 standard
three-letter airport code (ref. 24). Detailed
specifications and formats for the GASP data are given in
Appendix A. Data for each flight begins with an FLHT record
(table A-I) to provide flight identificatic,r information.
This record is followed by a series of DATA records (table
A-II), one for each recording made during the plight.

MEASUREMENTS

For each in-situ constituent measurement, an instrument
ID number is given in the FLHT record for each flight for
which constituent data are available; otherwise, ID = 'M'.
In addition, each measurement has an associated TAG in each
DATA record. If TAG = 'M', data are not available for that
record, and the data field has been set equal to zero.

Ozone

ozone measurements are made using an ultraviolet
absorption ozone photometer (ref. 25). The concentration of
atmospheric ozone is determined by measuring the difference
in intensity of an ultraviolet light beam which alternately
passes through the sample gas and an ozone-free zero gas
(generated within the instrument). The instrument output is
digital, and the register is up-dated at the end of each 20
second measuring cycle. The range of this instrument is
from 3 to 20,000 ppbv (parts per billion by volume), with a
sensitivity of 3 ppbv. Data from flight tests of the
instrument are given in reference 2.

Prior to February 1 0.77, GASP ozone instruments were
checked (over the range 0 to 1000 ppbv) against an ozone
generator which was calibrated at 1000 ppbv by the one
percent neutral buffered potassium iodide (KI) method (ref.
26), Based on the average of these KI calibrations the GASP'
ozone instruments read the correct ozone concentrations of
an air sample at 1 atmosphere pressure and 25 degrees C when
the span is set at 58200.

t

Recent laboratory studies comparing ozone measurement
techniques (refs. 27 and references therein.) have reported

n

	

	 that the KI method may actually give ozone levels which are 	 ti
from 10 to 30 percent high depending on the details of the
procedure used.	 Because of this uncertainty of the KI
procedure as a standard for ozone measurements, GASP ozone
instruments are now calibrated 	 by comparison	 with a
commercial U. V. photometer maintained at Lewis as a
transfer standard. This transfer standard is periodically
(about every 6 months) calibrated against the Jet Propulsion
Laboratory 5 meter path length U. V. photometer (ref. 27).
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With the span setting of the transfer standard and the GASP
ozone instruments set at 58200, the JPL, calibrations
indicate that the GASP data are 9 percent high. To date
these span settings have not been readjusted.

In-flight monitoring of the ozone instrument includes
measurement of the instrument zero by flowing the sample
through a charcoal filter external -to the instrument, and
measurement of the Electronic span setting and control
frequencies. The instruments are not calibrated in-flight
with an ozone calibration gas due to the difficulty of
generating a precisely known ozone concentration in the
flight system. Periodic checks for calibration consistency
are performed in the laboratory.

Ambient ozone measurement. The air sample is pressurized
to nominally 100 kPa (1 atm) prior to measurement of the
ozone level. The ozone readings are corrected for drift of
the instrument zero by subtracting the most current
zero-level reading. To account for differences in regulated
pressure between GASP systems, and to account for variations
in the air sample temperature and pressure during flight,
the zero-corrected ozone levels are normalized to standard
atmospheric pressure and to a temperature of 25 degrees C.

Data are not reported if the pressure of the sample entering
the ozone instrument is less than aircraft cabin pressure.

The destruction of ozone in the tetrafluoroethylene (TFE)
sample lines from the inlet probe to the instrument, and in
the TP'E-coated diaphragm pump is periodically measured on
board the aircraft under conditions simulating operation in
flight. The ozone mixing ratio at the probe inlet (03, in
ppbv) is expressed in terms of the measured ozone mixing
ratio (03m, in ppbv) as

08 = (1+a) 03m	 (1)

with the constiant a' determined by a regression analysis on
the appropriate	 destruction test data.	 For the data
reported on tape VL0009, the	 ozone destruction correction
was made using a	 = 0.028.	 The uncertainty in this
approximation is + 2 percent. The destruction constants
used are given in the FLHT record for each flight (see table
A-I) .

In previous reports a more complicated form of Equation
(1) was reported (ref. 10-15) which accounted separately for
destruction of ozone by thermal and wall effects. Although
the percentage of the incoming ozone destroyed by wall
effects decrEases with increasing concentrations, the
percentage of the incoming ozone destroyed by the thermal
mechanism increases with increasing concentration. 	 Since
both mechanisms are likely contributing to the system

4
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destruction, it is ' not surprisinq that the destruction data
are approximated well wits. a linear relationship which gives
a constant percentage destruction.

As mentioned above, reported ozone levels have been
corrected for drift of the instrument zero,	 for differences
in	 the air	 density	 between	 the	 sampling	 and laboratory
conditions, and for ozone 	 destruction in	 the	 sample lines
and pump.	 Zero	 level	 data appear in	 cal cycle 1 and are
identified by a 'Z' 	 tag.	 The density ratio factor is given
by RHOR in the	 DATA	 records.	 Ozone	 data	 values reported
have been calculated as follows:

03 =	 (1+a) * (RHOR) * (03r - 	 03z)	 (2)

where
03z is the most current zero
03r i s the measured	 (uncorrected)	 ozone mixing ratio
RHOR is the density correction

(1+a)	 is the destruction correction	 (see Eq.	 (1) )

Three ozone data values are reported in	 the D'.T'A records
(see table A-II)..	 The reading at the time the recording is
made is	 03.	 The	 mean ozone	 level	 for	 the	 123 seconds
preceding the	 recording is 03A,	 and the standard deviation

i	 of	 the	 measured	 ozone	 levels	 for that	 period	 is	 03S.
Because	 for	 some	 DATA	 records 03	 is available,	 but 03A
and/or 03S are not,	 all three values are tagged separately.
Note	 that	 during	 continuous	 recordings	 (MODE = 10,	 or
TYPE =	 ' L I E 	 or	 TYPE = I C I )	 03A = 03S = 0	 and	 their
respective tags are set equal to 'M'.

Cabin	 ozone	 measurement.	 During	 she	 winter	 cf
1976-77,	 the Federal Aviation Administration 	 (FrA)	 received
several complaints of 	 physical discomfort on	 high-altitude
flights.	 In response	 to suspicions that ozone	 gas was the
probable	 cause,	 GASP	 began,	 in	 March	 1977,	 to	 make
measurements	 of cabin ozone levels on 	 aircraft N4711U	 and
N533PA.	 The	 addition of this	 capability	 -^o	 these	 GASP
systems	 is providing simultaneous measurements of cabin and-
ambient	 ozone	 on	 flights	 of	 varying	 duration,	 and	 at
different	 flight	 levels,	 geographical	 locations,	 and
seasons.	 Based	 on	 Occupational	 Safety	 and	 Hea:ith
Administration	 (OSHA)-	 standards,	 and	 analysis	 of	 the

n	 available	 data	 (including analyses of	 GASP	 ambient	 ozone
measurements	 (refs.	 22 and 28)	 and simultaneous cabin	 and
ambient ozone- measurements-	 from selected GASP flights	 (ref.
29)) ,	 the	 FAA	 has	 issued	 a	 Notice	 of	 :Propose.;
Bulemaking	 (NPRM)	 regarding acceptable	 levels of	 ozone in
aircraft cabins	 (ref. 30).

1

For	 the	 GASP measurement	 of cabin ozone, the	 air is
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drawn from a 0.62 cm diameter port, located about 1.5 m
above the floor on the wall of the staircase to the upper
deck in the first class cabin. This port is extended about
.62 cm from the wall surface to minimize drawing air from
along the wall surface.

Cabin ozone data are processed in a manner directly
analogous to that used fo,r the ambient ozone levels.	 That
is, cabin ozone levels (033, in ppbv) are calculated as
follows:

033=(CDENS) *(033r-0332) 	 (3)

where
033z is the most current zero
033r is the measured(uncorrected) ozone mixing ratio
CDENS is the density correction. Assumed air sample

temperature=15 deg C at cabin pressure.

Zero level data appear in cal cycle 1, and are
identified by a I Z I tag. The density ratio factor, CDENS,
is given in. the DATA records for each observation, so that
the raw data readjugs can be extracted and alternate
processing Fchemes employed at the analysts' option.

I
^	 Carbon Monoxide

The	 carbon-monoxide measurement	 is made with an
infra-red	 absorption	 analyzer	 using	 dual	 isotope
fluorescence. In the dual isotope fluorescence technique,
alternating pulses of IR radiation spectra from a single
source are produced that	 are an exact match of the
vibrational-rotational absorption bands of C12016 and
C1 3 0 16 o These two IR radiation spectra are passed through a
single air-sample chamber. The CO present in the air sample
(98.9% of all naturally occuring carbon-monoxide is C1 2016)
will absorb the 012016 radiation but	 not the C13016
radiation. Thus the 013016 radiation pulse is a reference
against which the absorption of C12016  can be measured.
After	 passing	 through the	 air-sample chamber, 	 the
aIt-s-rsating radiation pulses are converted to electrical
signals by a solid-state IR detector. Ratio comparison of
the two signal levels yields a voltage corresponding to the
CO concentration in the air sample.'

The air sample, pressurized to 100 kPa (1 atm), passes
through a dessicant cartridge to remove water vapor, and
through a particulate filter before admission to the
air-sample chamber.	 Inlet pressure and temperature are
measured to permit corrections for density effects.	 Data
are normalized to standard atmospheric - pressure and to a
temperature of	 25	 degrees C.	 The analyzer zero -00

6	 _3
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voltage (COz) is monitored at 20 minute intervals 	 by
diverting the air sample through a heated, hopcalite
scrubber to remove all traces of Co from tha air sample.
Carbon-monoxide concentrations aze corrected for zero drift
by subtracting the most current zero-CO voltage as discussed
below. The electronic gain of the analyzer is monitored
once per hour.	 -

Output of the analyzer is a linear 0 to 5V DC signal
corresponding to	 the CO	 level	 of the	 ate.-r sample.
Sensitivity, adjusted during calibration, is 250 ppbv per
volt. Limit of detectability is 20 ppbv. Because a change
in analyzer ambient temperature causes a zero shift, and
because the data system cannot accept a negative voltage,
the zero-CO level is set at 2V DC. Full scale output thus
corresponds to 750 ppbv.

The analyzers are calibrated with Co in nitrogengas
mixtures obtained from the National Bureau of Standards.
The CO content of these mixtures is accurately known so as
to serve as NBS Standard Reference Materials. The lowest
concentration of CO obtainable as an NBS%SRM is about 10
ppmv. Therefore, a precision flow blender is used to dilute
this mixture with proportionate amounts of CO-free nitrogen
to obtain sample flows in the range of 100 ppbv to 900 ppbv.
Calibrations using the diluted NBS/SRM are estimated to be
accurate to within + 2 percent.

Early in the GASP program, calibrations were also
performed with nitrogen cylinders whose CO content was
determined from a comparison with an NBS/SRM calibration.
The use of these span gases for calibration has been
discontinued because of the variability of the CO level over
a period oftime.

Each analyzer is calibrated prior to its instailaton
on an aircraft. A check on this calibration is performed
upon its removal to determine any change in sensitivit,J.
Uncertaincy of the CO measurement is	 the --EsulI	 of
calibration	 errors,	 change	 in	 sensitivity	 between	 j

calibrations, and random fluctuation of the output sigra
For the data reported herein, the measurement error i.

u	 within + 12 percent of reading due to calibration erL	 ^_na
sensitivity changes plus an error of ± 5 ppbv due to random 	 s
fluctuation of the output signal.

Carbon monoxide data are processed accord. g 	 o t^.
following:

CO = . 25 (RHOR) (£Ov-COz)	 -,(4)

_ where

COz is the most current zero	 (mv),

r r
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COv is the local CO voltage	 (mv)
RHOR is the density correction

During the course of each flight, the CO zero level may
vary appreciably. 	 Because the data reduction always uses
the 'most current' values available, and new COz's are
obtained at nominally 20 minute intervals, COz variations
can introduce errors in the reported Co mixing ratios. For
example, if the true CO mixing ratio is constant, a
difference of 100 my in two consecutive zeros would result
in an error of up to 25 ppbv in the reported CO level. To
assist in identifying data which may have a significant
error due to zero level variation, any COz reading which
differs from the previous zero by more than 100 m y has had
the normal 'Z' tag replaced with a 'C+ tag. CO data
readings that occur between 2 zeros that differ by more than
200 m y have been edited out.

, Three carbon monoxide data values are reported in the
DATA records (see table A-II). The reading at the time the
recording is made is CO. The mean carbon monoxide level for
the 128 seconds preceding the recording is COA, and the
standard deviation of the measured carbon monoxide levels
for that period is COSD. Because for some DATA records CO
is available, but COA and/or COSD are not', all Three values
are tagged	 separately.	 Note that	 during	 continuous
recordings	 (MODE = 10, or	 TYPE = 'L', or	 TYPE = 'C')
COA = COSD = 0 and their respective tags are set equal to
IM9

Condensation Nuclei

The	 condensation	 nuclei measurement	 is made	 with a
modified commercial	 monitor purchased from	 Environment/one
Corporation of Schenectady, 	 N.Y.	 Sample air,	 at a rate of
5 standard liters per minute, is brought from the GASP inlet i
probe to	 the monitor thru an 8 meter	 length of 17 mm	 I.D.
stainless steel tubing. 	 The sample is pressurized to cabin
pressure in	 the monitor and then passes	 thru the monitor's
detector.	 system.	 The	 sample	 leaves	 the	 monitor and is
exhausted	 from the aircraft 	 thru	 the	 GASP	 system static 3
overboard exhaust port.

The sample is pressurized to cabin pressure by use of a^
NASA designed and installed	 'Air Piston' type pressurization

s,

system.	 In this system, the sample 	 is	 into a length_drawn
of	 tubing.	 The	 tubing	 is	 then	 backfilled with filtered
cabin 	 air,	 thereby trapping	 the sample	 at one end of the
tube at	 cabin pressure.	 The	 trapped	 sample is drawn into
the detectorsystem for the actual measurement. ?r

In	 the	 detector system, the pressurized sample	 first

8
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passe: thru a humidifier and then into a cloud chamber where
it is expanded adiabatically. This creates conditions such
that the particles act as nucleation sites for the formation
of a water droplet cloud. The density of the cloud, assumed
to be proportional to the number of particles present, is
measured by use of a light attenuation measurement
technique. The relationship between particle concentration
and light attenuation is obtained thru calibration.

The sensitivity of the monitor detector system is set
to 600 (particles/cm 3)/volt which results in an approximate
full scale range of 1000 particles/cm 3 at typical GASP
flight conditions. (The data system, has a 5 volt full scale
range.) Repeated calibrations indicate that the output is
linear with concentration and repeatable to within + 5% of
reading. The overall accuracy of a concentration
measurement when including the pressurization system is
estimated to be better than ± 10% of a reading 	 at
concentrations greater than 1C0 particles/cm 3 for a given
type of particle.	 Noise level on the moni-^or's output
signal is equivalent to less than + 10 particles/cm 3 at
flight conditions. The time constant (63% change) for a
step change in inlet concentration is 6 seconds and is
primarily a function of electronic filtering.

A Pollak counter is used as the standard against which
the condensation nuclei monitors are calibrated. Combustion
products from the burning of cotton string are used as a
source of particles for calibration. 	 The monitor has been
tested with other types of particles and has 	 shown
sensitivity shifts of as much as 259 dependent on particle
type. In these tests, particles obtained from heated
nichrome wire, atomized 1% NaCl solution and room airborn
particles were used.

Reported condensation nuclei data, like the ozone and
carbon monoxide data, are corrected for variations in the
instrument zero by subtracting the most current zero level.
For the CN instrument, these occur on all even calibration
cycles, are reported in millivolts, and are identified in
the DATA records with a 'Z' tag. * Full scale data readings
are identified by a I P' tag.

Four condensation nuclei data values are reported for
each DATA record. CNC is the local value at the time of the
recording; AVA is the average value over the 240 seconds
prior to the recording; ATKMAX is the maximum, and ATKMIN is
the minimum of the 12 descrete values used in calculating
AVA.	 All	 condensation nuclei data values are tagged
independently,	 For continuous recordings (MODE = 10, or
TYPE	 ' L' , or 'C' ) , AVA, ATKMAX, ATKMIN are set equal to
zero, and their respective tags are set equal to ' M'

9
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The published data obtained from the GASP condensation
nuclei measurement system is corrected for the ratio of
ambient to cabin air densi-y (DENS in the DATA records) and
is therefore the actual particle concentration external to
the aircraft. Calculations indicate that diffusion losses
which may occur in the 8 meter length of inlet tubing could
amount to as much a 3 %, 7%. and 459 of the particles present
with diameters of 0.02, 0.01, and 0.002 microns
respectively. No measurement of the actual losses occuring
in the aircraft systems have been made an,d since the size
distribution of the particles being measured is unknown, no
corrections for diffusion losses or sensitivity shifts are
applied to the published data.

Cloud Detector and Light Scattering Particles

Flight test experience with the light-scattering particle
counters included in the GASP systems (see ref. 3) has
indicated that flight through clouds results in a
significantly greater count of thF largest :size particles (D
> 3 micrometers) than is obtained in clear air. A simple
cloud detector is thus available by observing the counting
rate of the largest size particles. This signal is
monitored for 256 seconds prior to each data recording. The
time (in seconds) during which the cloud rate, CLDRT, is
greater than a preset level, CLDHI, is interpreted as time
in clouds (CLSEC; see table A-II). The CLDHI level was
programmed on board the United airliner based on visual
observation of a light haze, and corresponds to a local
particle density (for D > 3 micrometers) of 66,000
particles/cubic meter. If CLSEC > 0, CLTAG = 'C". If cloud
data are not available, CLTAG = 'M'.

The number of cloud encounters (CLAYR; see table 1-I T) is
also available. Whenever clouds are detected (CLDF >
CLDHI), this is interpreted as a continuous encounter until
cloud-free air is detecfi;cd. This determination requires a
second preset level, CLDLO. If n is the number of times
that the cloud rate crosses CLDHI and CLDLO (or CLDLO and
CLDHI) in succession, then CLAYR	 (n+1)/2. For the data
reported herein CLDLO was set at CLDHI/8.

Except for clouds, data from the light scattering
particle counters have not been reported previously due to a
rather large uncertainty in the total particle count
resulting from nonuniform illumination of the sample volume,
and high noise-to-signal	 ratios ors -channels measuring
particles less than 1.4 microns in diameter. ;However, in
response to	 requests, and as	 a supplement to	 the
time-in-clouds data,	 measured	 particle de=nsities,	 in
particles/ambient cubic meter, are reported for particles
>-.45, > 1.4, and > 3 microns in diameter.	 The latter

10



channel is the one used	 by the cloud detector, 	 although the
particle densities are obtained over a 	 60	 second	 sampling
period,	 whereas the sampling time for the cloud detection is
256 seconds.

The	 particle	 density	 data	 reported	 are	 subject to
variations	 between	 instruments	 due	 to	 differences	 in
illumination	 of	 the	 sample	 volume.	 Our	 preliminary
indication is that the resultant- difference in magnitude may
be	 on the order of +	 1/2 cycle	 (X or / by a	 factor of 3) .
A detailed ,mapping of the sample volume	 light field has not
been made for any 	 of the instruments flown on 	 GASP B-747's
nor has any attempt been madc- 	 to	 correct or normalize	 the
data.	 ?fit should also be rioted that 	 the minimum detectable
particle density is approximately 30 particles/ambient cubic
meter.

Particle	 density	 and cloud	 data	 are	 reported	 when
available	 in	 the	 DATP	 record for each	 sampling	 period.
There are no calibration cycles for this 	 instrument, so all
CYCLES are	 data.	 Since	 a pre-recording sampling period is
required for	 these	 measurements,	 data do not	 appear	 for
continuous recordings	 (MODE =	 10,	 or TYPE= ' L') .	 For	 all
flights in	 which particle	 or cloud data	 are reported, the
instrument ID number is given in the FLHT records,	 otherwise
PCSID = PCEID =	 'M'.

ORIGINAL PAGE I
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FLIGHT AND METEOROLOGICAL DATA

In addition	 to	 the	 air, sample	 measurements,	 aircraft
flight	 data	 are	 obtained	 with	 each	 data	 recording	 to
precisely	 describe conditions when 	 the data are	 acquired.
Aircraft position,	 heading, and the computed	 wind speed and
direction	 are	 obtained	 from	 the	 inertial	 navigation

'	 system	 (INS).	 Altitude,	 air	 speed,	 and	 static	 air
temperature	 are	 collected	 from	 the	 central	 air	 data
computer	 (CADC)	 in the aircraft. 	 Date and time are provided
by	 a	 separate	 GASP	 clock-calendar	 unit.	 --he	 above

E	 parameters	 are obtained once per DATA record. 	 The vertical
acceleration of the	 aircraft	 is obtained	 from the aizcraf•^
flight recording system at 	 the rate of 8	 per second	 which
provides 32	 data points for each DATE 	 recor(.	 The fomats
and units forthese data are given in table A-iI.,

The	 '-
Pverticalmacceleratioscontinuous^ grecording fwhenever	 the

f
ion of

the aircraft	 exceeds preset	 limits.	 This recording	 then
continues until the acceleration has remained withiR 	 limits
for one minute.	 These limits are currently :y et at	 0.8 and
1.2 G's to	 correspond	 to	 "light-to-moderate" 	 turbulence.
Continuous recordingstriggered by an acceleration limit are
identified by	 TYPE _ I L' , and the	 number of times	 (out	 of

t
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32) that the acceleration has exceeded the limits is given
by NE (see table A-II). For any flight during which one or
more limit recordin gs occurred, LIMCHK = 'T' in the FLHT
record for that flight (see table A-I).

For each DATA record, the date, time, latitude, and
longitude have been used to calculate the solar elevation
angle (ref. 31). This is designated as ZEN in table A-II.
Note that -90 deg < ZEN < +90 deg, where ZEN = +90 deg if
the sun is directly overhead. The flight altitude is used
to determine the solar elevation angle at sunrise and
sunset, and day and night observations are identified by
SUNTAG = ' ' and 'N' respectively. If GMT is not available
for a given record (GMTTAG = 'M'), SUNTAG = 'M', and
ZEN = 0.

meteorological data
for the constituent
ticularly the wind
interest even where
and therefore are

The primary purpose of the flight and
is to provide supporting information
measuremen.s. However, these data, par
and temperature measurements, may be of
constituent data are not available,
reported for all GASP flights.

TROPOPAUS E PRESSURE DATA

The National Meteorological Center (NMC) is presently
maintaining a library of gridded meteorological data fields.
Among these are tropopause pressures, available on a twice
daily basis (0000 and 1200 GMT), gridded into a 37 by 144
array for each hemisphere (2.5 degree intervals in both
latitude and longitude) .

The tropopause pressure corresponding to each GASP data
location is obtained by time and space interpolation from
the NMC arrays. These pressures and the corresponding
geopotentia'l heights for the standard atmosphere are
included in the GASP DATA records (TRPRMB and TRPRHM in
table A-II) . For normal interpolations (within a 12 hour
interval) TPTAG = ' 1 . If however, NMC data are missing-for
one reporting period such that the interpolation must be
performed within a 24 hour interval, TPTAG = IL'. If NMC
data are missing for two or more consecutive reporting
periods the time interpolation is not performed. In this
case if the time of the GASP data point is within 'six hours
of an NMC reportin g; period for which data are available, the
space interpolated values at that reporting period are
returned and TPTAG	 IV, but if the time of the GASP data
point is not within 6 hours of an NMC reporting period for
which data are available, T RPRMB = TRPR HM	 0, and TPTAG =
' M I . For GASP records in which the observation time is not
available,	 1200 GMT has been assumed for	 tropopause
interpolation,	 and TPTAG	 IT'.	 Whenever tropopause
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pressure values are available, DELP = TRPRMB - PAMB, and
DELHGT = ALTMAV - TRPFHM are also reported.

Tropopause pressures in the NMC 2-hemisphere arrays are
determined by means of the Flattery global analysis method
(ref. 32) . This procedure makes use of the vertical
temperature profiles calculated for each NMC grid point, and
tests the slope of the profile curve upwards from the first
mandatory pressure level. Although the two hemisphere
arrays were not available prior to July 1977, the Flattery
analysis scheme was used for tropopause pressures archivEd
in the NMC 65 by 65 arrays prior to December 17, 1975.
Tropopause pressures determined by this method have been
shown previously to correlate well with GASP constituent
data (refs. 9,10,16-22) .

ORIGINAL PALL IS

SELECTED ANALYSES
	 OF POOR QUALITY,

A summary of the GASP data obtained on Fan Am Flight 50
is given in Table II. A time-series presentation, with data
averaged over 1/2 hour intervals, is shown in figure 1.
Although a detailed analysis of these measurements is beyond
the scope of the present report, several features are
readily apparent from figure 1 and table II. Namely, the
polar legs (SFO -LHR and CPT-P;KL) were flown almost entirely
in the stratosphere, as indicated by the comparison between
the flight altitude and the NMC tropopause height. These
flights are characterized by the presence of high ambient
ozone, low carbon monoxide, low condensation nuclei, and the
absence of clouds. The tropical legs (LHR-CPT and AKL-S,FO)
were flown almost entirely in the troposphere, and are
characterized by low ambient ozone, high carbon monoxide,
high condensation nuclei, and frequent cloudiness.

These general characteristics are even more evident in
figure 2, where the observations have been grouped with
respect to the pressure difference between the flight
altitude and the NMC tropopause. Since this figure is
comparing the tropical troposphere with the polar
stratosphere, and since the data base is for only a 2 day
period, these	 results	 must	 not be	 interpreted	 as
representing global mean conditions.

In addition to the GASP ambient constituent measurements,
the ozone level in the aircraft cabin was measured on all
segments of Flight 50.	 These data are shown in figure 3
(again averaged over 1/2 hour intervals). Clearly, the
cabin ozone levels were low on all segments. on the dates
of these flights, aircraft N533PA was Equipped with a
charcoal filter system which was evidently very effective in
destroying ozone as the aircraft flew through high ambient
ozone levels on both polar segments, and the average ratio

j
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of cabin to ambient ozone was only 8.54.	 This protection
would, of course, not have been necessary on the tropical
segments since high ambient ozone was never. encountered.
The ratio of cabin to ambient ozone was calculated for only
those data points for which the ambient level Was greater
than 100 ppbv.

CONCLUDING REMARKS

Atmospheric constituent data and related flight and
meteorological data	 obtained	 during	 4	 flights	 of
GASP-equipped aircraft N533PA from October 28-31, 1977 are
now available. These data may be obtained on GASP 'tape
Vh0009 from the National Climatic Center, Federal Building,
Asheville,	 NC,	 .28801.	 Flight	 routes	 and	 dates,
instrumentation, data processing procedures, and data tape
specifications and formats are discussed in this report.

i
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APPENDIX A - Specifications for GASP Archive Tapes (VLXXXX)

GENERAL

1. Tapes are written in EBCDIC format using nine track

i tapes.

2. Tape density is 800 BPI.

I 3. Physical records (blocks) are 4096 bytes.

4. The tapes are unlabeled, and contain one or more GASP
data files. (on tapes < VL0009 these are followed by a
tropopause pressure data file.)

GASP DATA FILE

1. Each GASP, data file contains data from a single GASP
aircraft. Within each file, data are 	 grouped and
identified	 by	 flights	 (takeoff- to landing) 	 in
chronological order.

2. The GASP data for each flight begins with a logical FLHT
record (flight identification data) , which is followed
by logical DATA records (one for each data recording
made during the flight). Both FLHT and DATA records
contain 512 bytes, hence there are 8- logical records per
physical record (block) .

3. An FLHT record will always be the first logical record
in a block. However, every block need not begin with an
FLHT record (i.e., if there are more than seven DATA
records in a flight). If the FLHT record plus the
available DATA records for a flight do not fill an
integer number of blocks, the unused logical records in
the final block are padded with zeros creating PADD
records. The diagram below shows how several short
flights would be blocked.

t
Block	 1	 2	 3

F DD D D D P P	 F D D D D D D D	 D D P P P P P P ,V

Logical
Record	 1 2 3 4 5 6 7 8 	 1 2 3 4 5 6 7 8	 1 2 3 4 5 6 7 8

i



Block	 4	 r	 6

----------------- ----------------- ------------------
F D D D D D D D	 D D D D D D D D	 F D D D D D D P

Logical
Record	 1 2 3 4 5 6 7 8	 1 2 3 4 5 6 7 8	 1 2 3 4 5 6 7 8

where F is an FLHT record	 ORIGINAL PAGE IS
D is a DATA record	 OF POOR QUALITY
 i s a_ PADD record

4. The first four bytes in each logical record identify the
record type as -FLHT, DATA, or PADD. Detailed
specification of the param-aters and formats for FLHT and
DATA records are	 given in	 Table A-I	 and	 A-II
respectively.

a) in each FLHT record, the number of DATA records to
follow is given by NDP.TA (Bytes 78-81), and the
number of blocks in the flight is given by NBLOCK
(Bytes 82-84) .

b) For the last DATA record of each flight, LBFLG
(Byte 5) 'L'; for the last DATP record in each
file, LBFLG '= 'G' if the following file is a GASP
data file, and LBFLG = I T' if the following file is
the tropcpause pressure file; for all other DATA
records, LBFLG =

Note; DATA records with LBFLG I I ' will be followed by
PADD records if the physical record (block) is not
complete.
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Figure 1. Flight record from Pan American World Airways 50th Anniversary
Flight, October 28	 31, 1977. Ozone, carbon monoxide, con-
densation nuclei, particles, clouds, winds, temperature, latitude,
and altitude data were obtained by GASP and aircraft systems..
Tropopause pressures were time and space interpolated from NMG
data archives. Wind barbs follow standard NWS plotting conventions
(speed in knots). All data have been averaged over 112 hr. intervals.
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