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P RE FAC E

This report contains part of the data, either obtained by the Global Air
Sampling Program (GASP) or analyzed from existing ozonesonde measurements since
the publication of Federal Aviation Administration (FAA) Report Number
FAA-EQ-78-03, "Guidelines for Flight Planning During Periods of High Ozone
Occurrence," in 1978.

The FAA has published Advisory Circular 120-38, "Transport Category
* Airplanes Cabin Ozone Concentrations" dated October 10, 1980. (Copies of this

advisory circular may be obtained free of charge from the United States
Department of Transportation, Publications Section M-443.1, Washington, D.C.
20590.) In this advisory circular, examples are presented for acceptable (but
not the only) means for an air carrier to demonstrate compliance with the
maximum permissible cabin ozone concentrations established by Section 121.578
of the Federal Aviation Regulations (FAR). In paragraph 6 and Appendix 2 of
the advisory circular, it is stated that any ozone data set used to show com-

%,% pliance must have, as a minium, a resolution on a monthly basis of 2,000 feet
in altitude and 5 degrees in latitude.

The data in this report have not been statistically compared with those
published in the FAA Report Number FAA-EQ-78-03 to determine whether they are
comparable. Hence, use of the data tabulated in this report, to show com-

n~. pliance with Section 121.578 of the FAR, is not acceptable.

Since the data sets have been compiled, however, the FAA would like to
disseminate them at this time as information to the scientific community and
other interested groups.

John E. Wesler
Director of Environment and Energy
Federal Aviation Administration
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TABULATIONS OF AMBIENT OZONE DATA OBTAINED BY GASP AIRLINERS:

MARCH 1975 TO JULY 1979

William H. Jasperson
Control Data Corporation
Minneapolis, Minnesota

and

James 0. Holdeman
National Aeronautics and Space Administration

Lewis Research Center
Cleveland, Ohio

SUMMARY

bulatio-s are given of GASP ambient ozone mean, standard deviation, medi-
an, 84th percentile, and 98th percentile values, by month, flight level, and geo-
graphical regi n. These data are tabulated to conform to the temporal and spa-tial resolut required by FAA Advisory-tircular 120-38 (monthly by 2000 ft in
altitude by 5 in latitude) for climatological'-datj used to show compliance with
cabin ozone regulations. In addition seasonal x 1cr latitude tabulations are in-
cluded which are directly comparable to and supersede the interim GASP ambient
ozone tabulations given in appendix B of FAA-EE-80-43. Selected probability var-
iations are highlighted to illustrate the spatial and temporal variability of am-
bient ozone and to compare results from the coarse and fine grid analyses.

INTRODUCTION

From March 1975 to July 1979, the NASA Global Atmospheric Sampling Program
(GASP) obtained atmospheric trace-constituents data in the upper troposphere and
lower stratosphere using fully automated sampling systems on several Boeing 747
airplanes in routine commercial service (ref. 1). GASP systems were operated on
a United Airlines B747, two Pan American World Airways B747's, and a Qantas Air-
ways of Australia B747. Data from the United airliner were over the contiguous
United States and between the U.S. West Coast and Hawaii. Global coverage wasprovided by the Pan American and Qantas airliners on routes between U.S.A. and
Europe, U.S.A. and South America, U.S.A. and Japan, U.S.A. and Australia, Austra-
lia and Africa, and Australia and Europe. The complete GASP dataset consists of
'6 67 385 trace constituent and/or meteorological observations made on 6945 flights
of these airliners between March 11, 1975, and July 12, 1979.

In response to government and public concern because of reports attributing
illness of some people on long duration flights to excessive ozone exposure, mea-
surements of ozone concentration in the cabins of two GASP-equipped B747's were
made from March 1977 to June 1979. Results from these measurements are re-
ported in references 2 to 7.

In addition to the simultaneous cabin and ambient ozone measurements, GASP
acquired over 160 000 ambient ozone observations around the world at airliner
cruise altitudes from March 1975 to June 1979. These have added considerably to
the climatological data base over what was previously available from ozonesondes,
and have provided data in geographical regions where none were previously extant.

Early GASP ambient ozone tabulations and ozonesonde ambient ozone tabula-
tions were published in 1978 (ref. 8). Considerably expanded, but still interim
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GASP ambient ozone tabulations were published in reference 9. This report in-
cludes all available GASP ambient ozone data, tabulated to conform to the tempor-
al and spatial resolution specified in reference 10, for climatological data used
to show compliance with cabin ozone regulations. In addition, tabulations are
included for a coarser temporal and spatial grid; these data are directly compar-
able to and supercede the interim tables in appendix B of reference 9.

INSTRUMENTATION

Ozone was measured on all aircraft by commercially available ultraviolet ab-
41% sorption photometers modified and repackaged to operate in the airborne environ-

ment (ref. 11). Readings are continuous, updating every 20 seconds, with data
recorded nominally eight times per hour. The instrument range is from 0.003 to
20 ppmv (parts per million by volume). Operational procedures, set up to insure
the integrity of the data, included in-flight instrument health checks, instru-
ment calibration techniques, measurement of ozone loss in the GASP air sample in-
let line and pressurization system and periodic instrument maintenance.

All flight instruments were calibrated before installation in the aircraft
and periodically thereafter using a secondary transfer standard. This standard
is a laboratory-type ultraviolet (UV) photometer which was initially calibrated
using a I percent neutral buffered potassium iodide (KI) method. Later in the
GASP program, the standard was calibrated at the NASA Jet Propulsion Laboratory
(JPL). This calibration is traceable to the JPL 5-meter UV photometer described
in reference 12. The KI calibration was found to be 9 percent higher than the
UV photometer calibration. Thus, all published GASP ozone data are 9 percent
higher than the JPL calibrations. This is a systematic difference and the tabu-
lated data can be easily corrected if the KI method is determined to be incorrect
and another method, such as the UV photometer, is adopted as the standard.

The random error of the GASP ozone measuring system was found to be less
than 4 percent of reading or 0.003 ppmv, whichever is greater. A complete des-
cription of the ozone measurement system is given in reference 11.

PRESENTATION OF DATA

Availability

All GASP data are available to the public on magnetic computer tape from
the National Climatic Center, Federal Building, Asheville, North Carolina 28801.
The data tabulated here are from GASP tapes VLOOOI to VLOO31. These tapes in-

V clude all data obtained by GASP-equipped aircraft (March 11, 1975, to July 12,
1979). Flight routes and dates, instrumentation, data processing procedures,
data tape specifications, and selected analysis are reported in references 13
to 24.

Explanation of Data Tables

In this report ozone amounts are expressed as a volumetric mixing ratio,
parts per million by volume (ppmv). Since ozone levels in the literature may be
expressed in any of several commonly used units, the inter-relationship among

___ these is given in appendix A (p. 103). Note that several of these relations re-
quire that temperature and/or pressure be known or assumed and that the conver-
sion of averaged values will be an approximation because of the non-linearity of
the conversion.
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The GASP data are summarized by month for 2000-ft altitude increments (from
FL290 to FL430) in geographical regions of 5* latitude by 450 longitude in tables
I to XII (pp. 4 to 99). The geographical grid used is shown in figure I (p. 100).
This grid was selected so that regions, or combinations of adjacent regions, co-
incide with major flight routes as nearly as possible (e.g ,contiguouis States
27.5 * to 47 .50 N, 75' to 120* W; and U.S.A. to Europe = 37.50 to 57.50 N, 15' E
to 750 W). 'For each region the tabulation includes mean, standard deviation, me-
dian (50th percentile), 84th percentile, and 98th percentile ozone amounts, in
addition to the number of observations. For applications in which a coarser spa-
tial and temporal grid is acceptable, seasonal x 10'0 latitude tabulations are
provided in appendix B (p. 104). Note that, because the number of observations
in the tabulated regions is greater here than in tables I to XII, the statistical
confidence level is greater in most intervals.

Selected Graphical Presentations

It is well known that ozone levels increase with latitude and altitude, that
they are maximum in the spring, and that the probability of encountering high
ozone levels follows the same trends (e.g., refs. 2, 6, and 9). These variations
are quantified in the tables herein, with selected empirical probability varia-
tions highlighted in figures 2 to 5 (pp. 101 and 102). These figures are exam-
ples of the types of curves that can readily be plotted from, and that might be
appropriate in specific analyses of, the tabulated data.

In figure 2 the variation of the mean ozone mixing ratio with latitude is
shown for low, medium, and high cruise altitudes in the spring (part (a)), and
for each spring month at flight level 370 (part (b)), The seasonal variation in
mean ambient ozone near 450 N is shown in figure 3 for flight levels 370 and 410.

In figure 4 four-point cumulative frequency distributions (cfd's) for the
spring have been plotted from the tabulated data for Northern Hemisphere lati-
tudes at flight level 370 (part (a)) and for flight levels 290 to 430 at 400 to
50' N latitude (part (b)). These curves show the fraction of observations (on
the ordinate) in which the ozone level exceeded any given ozone level (on the ab-
scissa). For example, at flight level 370 and 400 to 50' N latitude, the proba-
bility of encountering ambient ozone greater than 0.3 ppmv would be about 37
percent.

Figure 5 shows the zonal latitude-flight level cross section of the 84th
percentile ozone values for spring. The constant mixing ratio contours define
regions where the probability is greater than 16 percent that the ozone will ex-
ceed the contour value on any independent observation; that is, the probability
of encountering ozone above, say 0.2 ppmv, is greater than 16 percent in all re-
gions where the 84th percentile value is greater than 0.2 ppmv, In figure 6, the
same data used in figure 5 are crossplotted to show the vertical distributions of
the 84th percentile values at selected latitudes.

CONCLUDING REMARKS

Tabulations are given of GASP ambient ozone mean, standard deviation, me-
dian, 84th percentile, and 98th percentile values, by month, flight level, and
geographical region. These data are tabulated to conform to the temporal and
spatial resolution specified in FAA-AC-120-38, and supersede those in appendix B
of FAA-EQ-78-03 (ref. 8) and appendix B of FAA-EE-80-45 (ref. 9). Selected prob-
ability variations are shown herein to highlight the spatial and temporal varia-
bility of ambient ozone and to illustrate and compare the results from the coarse
and fine grid analyses.
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3Flight Number of Month Number of
level observations observations

- 330 4875 ----- Mar 4415
8370 12514 Apr 4150

410 3022 - ay 2836

V j. 4
E

0 I
I ON 50 30 1 010 3 SOS 70 50 30 10

Latitude. dog Latitude. dog N

l By flight level. lb) By month at FL 370.

Figure 2. - Variation of men ambient ozone with latitude In the spring (M-A-M).

.6 - Fl 40"4:"
Monthly for 4Z 5 Ofb47.50N
Seasonal for 40P lo 500 N

D J F M A M jJl A S 0 N D
Month

Figure 3. - Seasonal variation of mean ambient ozone noar 45 N forflight levels 370and 410.
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Flight Number of

k level observations
Latitude. Number of .- 430 757

100 deg N observations -',- 410 1343

80 - 60 to 70 463 ,'.. 390 2110
5" 50 to 60 1810 - 370 2410
40 to 50 2480 / 350 1791

60 ...- 30to40 3680 330 1026
20 to 30 2471 / . ,- 310 44040 -- 10 to 20 662 M 290-

0 .2 .4 .6 .8 1.0 0 .2 .4 .6 .8 1.0

ozone mixing ratio. 03, ppenv
(a) Flight level. 370. 1b) 400 to 50 N Iattude.

Figure 4. - Ambient ozone cumulative frequency distributions for spring (M-A-M).

Ozone mixing ratio, Number of
P91W observations 10-20 20-30 30-40 40-50

0.1 .2.3.4.5.6.7 (223) (6883) (10355) (104171)
43 499 430 ~

410 2 755 410- 50-60

I/
" O8 278 8 M -,

8 50 7 4 350 / 044

M M41 II 330-
115606 /30 (

310 1509 310\I l/2 o In
,30 6 90 0 .2 .4 .6 .8 1.0

Latitude. dog N Ozone mixing ratio, ppmv

Figure 5. - Northern Hemisphere latitude - flight Figure 6. - Vertical profiles of zonal 84th percentile ozone
level cross sections of zonal 84th percentile ozone mixing ratios for selected latitudes eg N). Number of
mixing ratios in the spring, observations for each latitude Is given In parentheses.
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