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1. INTRODUCTION

This report summarizes an analysis of carbon monoxide data
from the Global Atmospheric Sampling Program (GASP). The objective
of this study, as described in the original proposal, is to try to
improve our understanding of the cycle of this trace species in the
atmosphere. To date, the sources, sinks, and transports of CO are
still not yet fully identified and understood. While some of the
previous figures and/or ideas on its production are under revision,
new thoughts are being proposed. For example, Crutzen et al. (1979)
have recently suggested that the burning of biomass is another possible
source. The high values of CO found over Africa during October 1977
PAN AM round-the-world flight were first explained by Newell énd
Gauntner (1979) as the result of interhemispheric transport, but
Pratt and Falconer (1979) attribute them as originating from
vegetation in the tropical regions. A good summary of our current
understanding of the carbon monoxide budget has been given recently
by Marenco and Delaunay (1980). This report provides more information
about the distribution and variation of CO and presents our new

findings.



2. DATA
2.1 General Description

All carbon monoxide data used in the analysis are from GASP
measurements. GASP was a multiyear program beginning in 1972 to
measure atmospheric ozone, carbon monoxide, water vapor, condensation
nuclei, and clouds, and related meteorological parameters with instru-
ments aboard four commercial airlines (a United Airlines B-747, two
Pan American World Airways B-747's, a Qantas Airways of Australia
B-747) and the NASA CV-990 research aircraft. The in situ CO measure-
ment is made with an infrared absorption analyzer using dual isotope
fluorescence as described by Dudzinski (19729). For each flight, data
acquisition begins on ascent through the 6 km altitude flight level, and
terminates at descent through 6 km, with most observations taken between
10- and 12-km altitude. A complete GASP sampling cycle is 1 hour, divided
into twelve 5-minute sampling segments. Six of these segments were data
segments during which measurements were made. Interspersed between these
data segments were six 5-minute calibration segments during which the
systems are under checking and adjustment. Details on instrumentation,
routes, and other information can be found in data reports by Holdeman
et al. (1978, 1979, 1980) and Briehl et al. (1980).
2.2 Availability

The CO data are stored on tapes VL0009 through VL0020, which cover
the period March 1977 through October 1978; the content of each tape is

described in the above mentioned "Data Reports." A summary of carbon



monoxide observations and flights is given in Tables 2.1 and 2.2.
Although data are taken in all flights above 6 km altitude, the bulk of
observations fall between about 9 km and 12.5 km. Furthermore, the data
are scattered unevenly over the globe. Beside the GASP data, the tapes
also contain the tropopause heights (both in pressure and in meters)
obtained from time and space interpolation of National Meteorological
Center (NMC) archived data for the dates of the flights.
2.3 Data Check

aAll CO data used in the analysis were checked for obvious
errors. Unexplained anomalies, such as very high values {(reaching to
200 ppbv) in the stratosphere, were not included in the climatological
presentation of carbon monoxide distribution over the globe. Other
checks, including zero shift, variability, tagged values, extremely low
and high readings, were carried out for all flights made by all aircraft
for the period March 1977 through October 1978. If the zero is shifting
rapidly, as indicated by inspection and by the number of values tagged
"C," an indicator used to denote zero shifts of more than 100 mv but less
than 200 mv between successive zero reading, then the data is classified
as poor. Also, if the data is tagged "F," an indicator used to denote full
scale data readings (COV = 5000 mv), then the data is classified as poor.
Likewise, negative readings, again an indication of zero setting problems,
would receive this classification. A method by which CO concentration is
computed from the instrument voltage is outlined in "Data Reports™ mentioned
previously. A good guide to possible zero setting problems seems to be avail-

able in the mean stratospheric concentrations. If these are close to 50 ppbv



as found earlier by Seiler (1974), then, in general, the remainder of the data
in a given file seems to be problem free. This cannot be an absolute rule,
otherwise we would be producing a prejudiced climatology, but it is a
good guide that seems to fit in with other tests. Several measurements
of very low CO (10-20 ppbv) did appear in the stratosphere and these
were retained in the analysis, when the mean values were close to
50 ppbv. In fact, each of the observations has been scanned visually by
both the author and Professor Newell. After some experience, it is
possible to pick out anomalies rather easily. Almost all the very low
CO values are characteristic of the stratosphere and are associated with
high ozone. Sometimes these values are found below the nominal tropo-
pause; more examples are given later. A more sophisticated approach could
be devised to divide the data between troposphere and stratosphere now
that this experience has been gained, but for the present report the
division is based on the nominal height of the tropopause as given in
the data tapes.

Very high point-to-point variabilty can also sometimes be used as
an indicator that the instrument is not working properly, particularly if
this occurs throughout the tape. Some studies of the autocorrelation dis-
tance {not included here) based on data we comsidered excellent by other
criteria yielded values of several hundred kilometers. Occasionaly, size-
able patches of very high or very low CO will occcur and these could be
studied further as we suggest by trajectory analysis. At this time they
are thought to be real.

The quality of each tape or the performance by individual

alrcrafe is rated based on the above mentioned check items, and indicated



in Table 2.1 with a short explanation in the remarks. Consegquently,

tape 10, tape 18, file 2 of tape 19, files 1 and 2 of tape 20, the first
1.5 hours of measurements by QANTAS contained in tape 11, and the winter
CO data in file 1 of tape 14 are omitted in the final composite presenta-
tions on an aircraft basis. Some of the data are treated separately for
a comparison purpose. Note that the full scale data readings (COV =

5000 mv) identified with an "F" were also discarded. A substantial
amount of data had already been removed before the tapes were made
available by means of the criteria that the zero shift between readings

exceeded 200 mv.



TABLE 2.1. Summary of GASP Carbon Monoxide Data
Tape Total
no. Aircraft File Dates flights Quality Remarks
9 PAN AM-N533 PA 1-4 10/28-31/77 4 Very good Round-the-world
10 PAN AM-N533 PA 1 01/21/77-04/03/77 66 -- No CO data
2 04/06/77-05/31-77 99 Poor High variability, suspect zero drift
3 06/01/77-06/02-77 2 Poor therefore, not included in the
4 06/03/77-08/12/77 96 Poor analysis
5 08/13/77-10/04/77 73  Poor
11 QANTAS VH-EBE 1 01/10/77-02/28/77 127  -- No CO data
2 03/15/77-04/23/77 120 0K Low readings of CO occur often during
3 04/24/77-06/18/77 144 0K the first 1- to 2-hour flights owing
4 06/18/77-08/12/77 131 0K to the water vapor contamination
5 08/15/77-10/02/77 124 0K effect on the desiccator
12 UAL-N4711U 1 01/03/77-03/25/77 49 -- No CO data
2 03/26/77-06/13/77 102 0K Flight route is Timited between
3 06/14/77-07/26/77 93 0K 21°N-46°N and 74°W-157°W
4 07/27/77-09/20/77 110  -- No CO data
13 PAN AM-N655 PA 1 02/22/77-04/09/77 84 -- No CO data
2 04/15/77-06/14/77 126 0K --
3-5 06/01/77-10/05/77 266 -- No CO data
14  PAN AM-N533 PA 1 10/04/77-01/03/78 109 Fair CO values are OK in fall, but too high
in winter
UAL-N4711U 2 11/06/77-01/05/78 138 0K -
PAN AM- N655 PA 3 10/05/77-12/18/78 99 0K --
QANTAS VH-EBE 4 10/03/77-11/19/77 96 0K --
QANTAS VH-EBE 5 11/20/77-01/04/78 120 OK CO values are too high in winter

stratosphere



TABLE 2.1. Continued

Tape Total
no. Aircraft File Dates flights Quality Remarks
15 PAN AM-N533 pA 1 01/08/78-03/01/78 81 Excellent Good for case studies
2 03/02/78-05/03/78 81 Excellent
3 05/04/78-06/21/78 84 -- No CO data
16 PAN AM-N533 PA 1 06/22/78-08/14/78 111  Good 03 No CO data
2 08/01/78-10/05/78 102 data
17 UAL-N47i11U 1 01/05/78-03/20/78 160 Good
2 03/22/78-05/08/78 79  Good
3 05/08/78-06/23/78 103  Good
18  UAL-N4711U 1 06/23/78-08/11/78 123  Poor Many CO data with tag C;
2 08/11/78-10/06/78 70  Poor Summer values are unreasonably high;
not included in the analysis
19 QANTAS VH-EBE 1 01/05/78-03/04/78 70 Poor/fair Treated separately, high variability
PAN AM-N655 PA 2 01/09/78-03/06/78 160 Fair Treated separately
PAN AM-N655 PA 3 03/06/78-05/02/78 82 Poor Many CO data with tag F; CO values are too
high; not included in the analysis
20  PAN AM-N655 pA 1 05/16/78-06/12-78 67 Poor Many CO data with tag F;
2 06/13/78-07/27/78 134  Poor not included in the analysis
3 07/28/78-10/09/78 162 0K Treated separately




TABLE 2.2. Summary of CO Measurements by Aircraft

Aircraft

Period

No. of month

PAN AM-N533 PA

PAN AM-N655 PA

UAL-N4711U

QANTAS VH-EBE

04/06/77-10/04/77
10/28/77-10/31/77
10/04/77-12/21/77
01/08/78-06/21/78

04/14/77-05/07/77
10/05/77-12/18/78
01/09/78-10/09/78

03/26/77-07/26/77
11/17/77-01/05/78
01/05/78-10/06/78

03/22/77-10/02/77
10/03/77-12/04/77
01/05/78-03/04/78

15

14

15

11




3. RESULTS AND DISCUSSIONS
3.1 Analysis Procedures

The analysis procedures involved tabulating and analyzing the
CO data on a tape basis first. For those tapes which contain CO
measurements by more than one aircraft, we have followed the same processes
on a file basis. Finally, the composite results from four airliners,
namely, PAN AM-533PA, PAN AM-N655 PA, UAL-N4711U and QUANTAS VH-EBE, are given
in tabular as well as in graphical forms. In the presentations, mean
values of CO and their standard devitations have been summarized on a
10° latitude by 20° longitude grid basis with subdivision into
troposphere and stratosphere using reported tropopause heights with a
further subdivision into seasons. In the computations of cross
correlation coefficients among carbon monoxide, ozone, temperature,
and zonal and north-south winds, we require that all the variables must
be measured simultaneously and that the ozone data with an "L" tag is
excluded. Special treatment of tape 9 has been made. Since all the
data are local measurements, they were averaged by one degree in
latitude and then used for plotting. However, both local and averaged
values were used in the study (see Figures 3.1-2)., For the other tapes,
we used 128 gecond average values throughout.

Data were divided into four seasons: December-February, March-
May, June-August and September-November. As abbreviations in the figures

we have termed these winter (WI), spring (SP), summer (SU) and fall (FA)
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even though the basic division is calendar months regardless of hemisphere,
and seasons is not an appropriate term for the tropics.
3.2 Distribution and Variations of Carbon Monoxide
3.2.1 On tape and aircraft basis

The distribution and variations of carbon monoxide as a function
of latitude and longitude in the troposphere and stratosphere for
different seasons are shown in Tables 3.1 through 3.10. Zonal mean
values of CO mixing ratio are plotted in Figures 3.3a-d. The purpose
of presenting the data based on tape or file is to enable us to make a
good comparison among all observations conducted by different aircraft
during their flights. Hopefully, we can select a good data set to be used
for representation of the CO background values for a significant fraction
of the world. Since to date there are no substantial statistics of this
gas available, the GASP data can actually be considered as the largest
collection in the world, and should provide useful information on the CO
climatology. The earlier reports by Seiler (1974,1975) and Dianov-Klokov
et al. (1978) in USSR contain far fewer values than the present report.
3.2.2 Composite results on an aircraft basis

After careful study we have selected data from the tapes and
constructed four sets of CO climatological pictures based on four air-
craft. The key to the data used in each set is shown in Table 3.11 in
which Tables 3.12 and 3.13 are mentioned.

Figure 3.4 presents the composite results of zonal mean mixing
ratio of carbon monoxide. The UAL flights of the summer of 1978 on

tape 18 have been omitted from the overall summary because of zero drift.
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problems. But a summary of these data is included in Table 3.8 for
information as it illustrates one of the problems arising in the type
of analysis. It will be noted that there is a sharp discontinuity at
the west coast of the United States with values over the land much
higher than values over the ocean. Further examination showed that this
came from time variations of the zero setting rather than spacial
variations of carbon monoxide. Flights from Chicago to Honolulu and
return showed no such discontinuity at the coast.

We should point out the fact that the averaged values of CO
mixing ratio for each grid area are derived from four aircraft whose
flight routes are irregular in time and space.

3.2.3 Findings

Several findings are noted.

1. Measurements of CO made by different aircraft are generally
consistent. Summaries of zonal mean values collected by the four air-
craft are shown by season in Table 3.14. Note that for the spring tropo-
sphere there is very good agreement between data from three aircraft.
For the fall and winter troposphere agreements is not so good and we use
the stratosphere data as a guide at this time. Values in the general
range of CO of 50-70 ppbv are considered acceptable. On this basis
all three aircraft provide good data in the spring, while the UAL data
in the summer is suspect. Inspection of the individual QANTAS results
for the fall showed many cases of high ozone and CO values in the
50-70 ppbv range, hence these data were accepted. PAN AM-655 data is

suspect in the fall. Both PAN AM-655 and QANTAS data are suspect in the



12

winter as they appear too high. Present climatology may be obtained from
PAN AM-533 data with the addition of PAN AM-655 plus UAL in the spring,
with QANTAS and UAL in the fall, and with UAL in the winter. Having this
experience with the data set it would now be possible to go back and devise
a different set of criteria for data selection; however, funds are
exhausted so this is not possible.

2. The overall acceptable results shown in Table 3.14 indicate
that northern hemisphere values are higher than those in the southern
hemisphere and troposphere values are larger than those in the stratosphere,
as found by Seiler (1974).

3. A new item is tentative evidence of a seasconal cycle with
northern hemisphere spring values exceeding those of summer and fall. This
finding confirms the conclusion of Dianov-Klokov et al. (1978) based on
measurements of total CO in the atmospheric column.

4. There is no reliable data to evaluate the seasonal cycle in the
southern hemisphere. Further work with this data set on this topic is
recommended.

3.3 Relationship of Carbon Monoxide with Ozone, Temperature and Winds
3.3.1 On tape or aircraft basis

We first computed linear bivariate correlation coefficients
among five variables: carbon mqnoxide (CO), ozone (03), air temperature
(T), zonal wind (U) and north-south wind (V) on a tape or aircraft
basis using the same division as in section 3.2. We anticipate that CO

should correlate negatively with O, in the vicinity of the tropopause.

3

The agreement is based on the fact that 0, is mainly produced in the

3

stratosphere, while CO has its source on the ground and, therefore, the
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vertical gradients are oppositely directed. An upward motion will bring
more CO and less O3 to the tropopause region. A downward motion would
act in an opposite way.

In view of the difference in the production rates of CO and 03
over an annual cycle, we have divided the data into seasons. A special
treatment of tape 9 has been made. The correlation coefficients (R's)
were computed separately for individual flights, for the troposphere and
stratosphere and for the averaged values over 1° 1atitude. The results
are presented in Table 3.15a-c. The R's for other tapes are given in
Tables 3.16-~3.22. It is noted that the data on tape 9 have been studied
by Holdeman et al. (1978), Gauntner et al. (1979}, Newell and
Gauptner (1979,1980), and Pratt and Falconer (1979).

3.3.2 Composite results on an aircraft basis

Computations of correlation coefficients (R's) were performed
on an aircraft basis (see Table 3.11 and Tables 3.23-3.26). In view of
the dramatic decrease in CO mixing ratio in the stratosphere, which
suggests that the chemical reactions of CO with other minor species
become éctive in that region, and since the ozone mixing ratio shows
almost constant and low values in the upper troposphere within about 20
degrees in either side of the equator from all observations (see Fig. A.l),
we further divide the data into four categories, namely, troposphere,
stratosphere, regions below and above 20° latitude. The R-values
calculated in this arrangement are presented in Tables 3.23-3.26. Note

that part of these correlations is contributed by the overall variation

of carbon monoxide and other variables as a function of position and



14

it would be desirable to eliminate this contribution to the variance.
However, limited funds and time did not permit this differentiation.
3.3.3. Findings

1. On individual tape basis

Except the data on tape 11 which yield very low values of
correlation coefficient between CO and 03, R(CO,OB), possibly due to
water vapor contamination on the instruments, the other 9 tapes provide
us with 23 R(CO,OB)'S of which 21 cases show minus signs and 2 show
positive signs. Using a student-t test, we have found that none of the
positive R(CO,OB)'S are significant. For negative R(CO,O3)'s, 19 out
of 21 are significant at the 1% level or higher.

2. On aircraft basis

a. Above 20° latitude

Twenty-two R(CO,O3) values have been obtained. All of them
indicate the anticorrelation between CO and 03. Three R(CO,O3)'S are
insignificant with the rest, 19 values of R, having significant levels
higher than 1%.

b. Below 20° latitude

There are only seven R values. Interestingly enough, all but one
have positive signs. However, most of them are insignificant; only one
has significance at the 1% level and two at about the 3% level. 1In general,

the lowest correlations occur for aircraft and season which were rejected

in our consideration of Table 3.14.
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3.4 Case’ Studies

We have made several case studies examining how the CO mixing
ratioc changes in response to the variations of O3 concentrations.
Records of flight level, tropopause altitude, air temperature, ozone
and carbon monoxide mixing ratios are plotted in Figure 3.5 through
Figure 3.11. It is seen clearly in these figures that in the stratosphere
the O3 mixing ratio and the air temperature are high and the CO mixing
ratio is low, and that the picture is reversed when the aircraft is
flying in the troposphere. However, two interesting points are worthy
of note.

1. At times when the aircraft was supposed to be in the troposphere
according to the tropopause altitude indication, occasionally one finds
that the mixing ratio of CO decreases sharply and the O3 and T increase
at the same time. Such incidences can be found in Figure 3.5 (by the
arrow at 0115 GMT) and Figure 3.9 (by the arrow at 1050 GMT).

2. On the other hand, when the aircraft was indicated as
flying in the stratosphere, the instruments suddenly recorded high CO,
low 03 and T values as shown in Figure 3.8 by the arrow at 1245 GMT and
in Figure 3.10 by the arrow at 1200 GMT.

The former cases can be explained by the downward motion of the
stratospheric air into the troposphere at those times, while the latter
cases are thought to be due to an upward intrusion of the tropospheric
air into the stratosphere. These examples lead us to suggest that the

O3 concentrations, the air temperature and the CO mixing ratio should

be analyzed simultaneously and that the numerical height of the



16

tropopause is not always a good indicator to be used for dividing the CO
values. This approach could be used in future analysis.
3.5 Ozone Data

In view of the relationships found in section 3.3.3 between ozone
and carbon monoxide, we include a summary of the ozone data itself in
Appendix A. It may be seen from Figure A.l1 that ozone in the upper tropical
troposphere has an almost constant and low mixing ratio (~ 20 ppbv). These
values are similar to those reported by Routhier et al. (1980) in the
GAMETAG experiment. The negative correlation between the two species at
high latitudes can no doubt be explained by vertical motion processes as
illustrated in section 3.4. The positive correlation at low latitudes may
partly arise from photochemical interactions between the species as have
been described recently by Fishman et al. (1980). There may also be a
contribution to the positive correlation from the process of advection.
Northern hemisphere middle latitude air moving into the tropics will be
traveling down the gradient of both ozone and carbon monoxide, as may be
seen from a comparison of Figure 3.4 and Figure A.l.

There are some unexplained very low ozone concentrations (16-30
prbv) in the middle latitudes as may be seen from Table A.9. These
originate from the tape 20 record for May 1978. The instrument measured
up to 600 ppbv when the aircraft was definitely in the stratosphere so

these measurements are not evident instrument problems.

(text continues on page 113)
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and winter, while subscripts T and S are for troposphere and stratosphere,
respectively.
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and temperature (T) during the flight of the PAN AM-N533PA from San Francisco

to Hong Kong 1 February 1978.
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FIGURE 3.9. Similar to Figure 3.5 but from HND (35.530N, 139.710FE) to LAX
(33.860N, 118.340W) and on 15 March 1978.
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L MEAN
60 114 1| 114
10 (10)
30 78 227 78
87 (87)
40 61 g 84 14| 71
5 291 215 (506)
0 6T 5 50 T2 7%
2 408 344 (752)
71 62 3 96 11 81
1o 347 43 307 (697)
64 I11 10 8%
= 442 375 (817)
2 0 59 66 ST 5 7%
-
!
< 264 132 288 (684)
210
72 78 8 75
20 398 300 (698)
“Tle7 4 |78 63 4 70
S 40 271 262 (573)
87 18 62 13 73
40 149 185 (334)
75 11 75
308 308
50 ( )
65 6 65
160E 180 160W 140W 120W 0 20E
LONGITUDE
TABLE 3.7a. Fall tropospheric CO data taken from tape 9 as a function of

latitude and longitude.

The mean mixing ratio (ppbv) and standard
deviation for each grid are given at the left and right corner, and the

number of points is indicated at the bottom of the box. The zonal mean

and the total observations are shown at the right-hand column.
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55 59 6§ 57
, 308 228 (536)
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176 259 (435)
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172 (172)
40 s 5B
3 86 (86)
3
1 2 41
A 43 (43)
50 4 50
308 (308)
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42 7 b6 13 18
60313 267 (580)
738 3 10 5T 39
Sol307 313 (620)
44 6 | 45 3| 44
80 353 335 (688)
42 al 45 1 |44 <= Ly 51 43
90l—_368_ 44 352 (766)
160E 180 160W 140W 120 O 20E
LONGITUDE

TABLE 3.1b.

Similar to Table 3.1a but for the stratosphere.
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60
154 19 154
w
[~y
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155 19 (144 19 147
29 70 (99)
40
154 31}145 33 182 51 |[190 40| 161
g 30 60 138 14 76 (288)
125 28154 29/ 138 30/187 - 182 46 156
20 45 119 36 1 91 (292)
141 250 147 26} 159 27 135 34067 26 144
10 59 35 10 35 13 (152)
= 120 38129 23150 26/89 36 95 36 111
jom
B
5 0 12 61 23 16 106 (218)
= 123 15[125 22{98 27 90 27|93 23 110
10 68 70 22 8 86 (254)
116 13| 111 24117 29 102 30091 14 109
20 44 54 66 69 29 (262)
2 138 16119 29[108 18/116 20/105 19/106 33110 19]112 29 111
10 7 13 16 16 46 44 32 104 (278)
128  40[{120 17{120 45|122 33{115 25 121
7 16 52 94 14 (183)
40
0 20E 40E 60E 80E 100E 120E 140E 160E 180 160W 140W 120W
LONGITUDE
TABLE 3.2a. Spring tropospheric CO data taken from tape 11 as a function of Tatitude and Tongitude. The plotting

code is the same as described in Table 3.1a.

The first one and one-half hours of each flight data are excluded.
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0
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20
30 114 5 114
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0 20E 40K 60E 80E 100E 120E 140E 160E 180 160W 140W 120w
LONGITUDE
TABLE 3.2b. Similar to Table 3.2a but for the stratosphere.
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0 9 47 13 7 26 (102)
105 115|114 22}98 19 83 12} 88 25 102
10 41 42 12 7 29 (131)
103 -1}123 12|96 17197 20| 89 24 88 28191 19 94
20 1 8 26 67 48 23 11 (184)
63 3 93 16{ 101 18|96 15( 85 30 96
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107 -1105 21|/114 211101 18{102 11 108
40 1 16 38 24 6 (85)
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TABLE 3.2c. Similar to Table 3.2a but for summer troposphere.
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TABLE 3.2d. Similar to Table 3.2c but for the stratosphere.
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128 18111 18 117
7 14 21
40 (21)
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95 24 |57 21} 64 16} 82 17 77
30 13 8 11 11 (43)
71 14 86 23 83
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LONGITUDE
TABLE 3.2e. Similar to Table 3.2a but for fall troposphere.
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TABLE 3.2f.
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Similar to Table 3.2e but for the stratosphere.
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55 22181 33192 49 72 136 30 136
40 20 28 4 (52) 40 9 (9)
72 24|83 13 74 131 -1{124 29142 18 145 18| 133
30 A 9 (63) 30 1 12 9 (24)
- 99 11 99 126 31|136 6 127
=z
~ 920 9 (9) 0 31 2 (33)
160w 140W 120w 100w 80W 60W 160W 140W 120w 100W 8OW 60W
g (a) Spring Stratosphere (b) Spring Troposphere
jam]
o LONGITUDE :
e
<
" 50 MEAN 50 MEAN
58 7 58 97 201105 17]101 -; 101
40 8 (8) 40 16 20 (37)
65 6 65 106 161{126 86} 92 17 {129 17 111
30 (5) 30 11 42 33 5 (91)
84 151|107 84
20 20 96 1 (97)
160W 140W 120W 100W 80W 60W 160W 140W 120W 100W 80w 60W
(¢) Summer Stratosphere (d) Summer Troposphere
TABLE 3.3. CO data taken from tape 12 as a function of latitude and longitude. The plotting code is the

same as described in Table 3.1a.
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40 6 13 11 (30)
135 10 81 2691 1722 27 141 8128 30f 119
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96 16] 108 33 88 9 94 12186 792 8198 734 93
10 6 12 13 20 26 23 5 (105)
100 1G 86 9 89
0 4 16 (20)
86 9 86
15 (15)
1
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20
87 16 87
23 (23)
>0 65 27{72 22 67
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LONGITUDE
TABLE 3.4a. Spring tropospheric CO data taken from tape 13 as a function of latitude and Tongitude. The

plotting code is the same as described in Table 3.1la.

187



LATITUDE

40

© 10

60

MEAN

50

44

>3

(8)

30

62 11172 4

46 15

59

(11)

20

10

20

30

40

TABLE 3.4b.
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Similar to Table 3.4a but for the stratosphere.
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84 73 65 61 62 62 75 74 76 69
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77 47178 1669 61 90 14 184 22
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160 16 22 15 9 6 9 15 4
60 62 63 2170 8177 12 163 15 b9 12
1 21 8 11 8 7
140 o J
40 20 0 20 40 60
Os ON
LATITUDE
.5a. Fall tropospheric CO data taken from tape 14, file 1.

The plotting code is the same as
described in Table 3.1a except that the zonal mean values are shown at top row of the table.
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TABLE 3.5a. Continued.
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LATITUDE
Similar to Table 3.5a but for the stratosphere.
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TABLE 3.5b.
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Continued.
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LATITUDE
TABLE 3.5¢c. Similar to Table 3.5a but for winter troposphere.
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TABLE 3.5¢. Continued.
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TABLE 3.5d. Similar to Table 3.5¢ but for the stratosphere.
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TABLE 3.5d.

Continued.
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TABLE 3.5e. Fall tropospheric (left) and stratospheric (right) CO data taken from
tape 14, file 2. The plotting code is the same as described in Table 3.1la.
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32 50 17
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63 2775 48
57 6
60 4056 21
8 40
76 12
2
30 40 50

MEAN 82 87 78
223 182 28
160
80 2188 31
120 171 9
80 2695 25|97 9
120 52 110 3
o 72 271100 19
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TABLE 3.5f. Similar to Table 3.5e but for winter.
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175 52 103 23116 47
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0 20 40 60
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Fall tropospheric CO data taken from tape 14, file 3.
The plotting code is the same as described in Table 3.1a.
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TABLE 3.5g. Continued.
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TABLE 3.5h.
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Similar to Table 3.5g but for the stratosphere.
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TABLE 3.51.
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Similar to Table 3.5g but for winter troposphere.
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TABLE 3.5j. Similar to Table 3.57 but for the stratosphere.
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TABLE 3.5k. Fall tropospheric CO data taken from tape 14, files 4 and 5. The plotting code is

the same as described in Table 3.1la.
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Continued.
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TABLE 3.51. Similar to Table 3.5k but for winter troposphere.
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TABLE 3.5m. Similar to Tables 3.5k and 3.51 but for fall stratosphere (top) and winter

stratosphere (bottom).

19



MEAN 86 85 90 | 78 86 118 95
24 22 105 | 290 62 11 7
100
8 12]85 10]98 30
24 22 27
120
87 13{70 16
76 39
140
82 3|95 43|48 2
1l
o
160 2 86 11
72 21|84 111|109 6
180 67 9 4
L 61 9151 -
[ ]
-
=
S 160 a4 1
o
- 61 9182 19[113 4|85 23
140 33 5 4 3
107 58|95 23 101 6
120 20 34 3
74 - 136 40
03
100 ! 3
80
174 30
60 2
0 20 40 60

LATITUDE °N

TABLE 3.6a. Winter tropospheric CO data taken from tape 15 as a function
of latitude and longitude. The plotting code is the same as described
in Table 3.1a.
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TABLE 3.6b. Similar to Table 3.6a but for the stratosphere.

63



64

MEAN 119 116 109 125
273 369 58 17
100
120
140
w 115 56197 41
(=]
160 114 63
91 33122 55172 16
180 18 39 5
L 98 36}105 25|103 154114 16
Pt
= 63 41109 40102 32}138 16
140 3 45 14 7
133 48|125 34 115 0
120 118 88 1
167 58]102 45128 271121 8
03
100 > 2 13 2
115 371|114 18
80 31 17
135 56
60 56
0 20 40 60
LATITUDE °N
TABLE 3.6c. Similar to Table 3.6a but for spring troposphere.
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TABLE 3.6d. Similar to Table 3.6¢c but for the stratosphere.
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TABLE 3.7a. Winter tropospheric (left) and stratospheric (right) CO data taken from tape 17 as a
function of latitude and longitude. The plotting code is the same as described in Table 3.1la.
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Similar to Table 3.7a but for spring 1978,

TABLE 3.7b.
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TABLE 3.7c.

84
31

73
39

105

94

12

74

11

84

24

20

75

15

15

58

70

19

18

95 98 100
258 410 | 164
95 116|107 12
210 48 |
94 12198 16{107 16
48 194 21
94 18{93 18
118 65
100 22[105 16
49 74
108 3[99 34
3 4
20 30 40 50

LATITUDE
Similar to Table 3.7a but for summer 1978.
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MEAN 65 133 179 44 35
160 el 296 213 11 5
65 13|62 14
140 174 33
68 20[68 38[26 15 54 14{35 7
=
[=]
" 120 6 97 4 4 5
§ 183 164 {170 127 38 13
g
g 100 151 72 7
205 168 (178 134
1 12
80 5 6
314 132
"
60 «
20 30 40 50 20 30 40 50

LATITUDE °N

TABLE 3.8a. Summer tropospheric (left) and stratospheric (right) CO data taken from tape 18 as
a function of latitude and longitude. The plotting code is the same as described in Table 3.la.
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LONGITUDE

MEAN

160

140

120

100

80

60

TABLE 3.8b.

58
126

58
117

54
64

56

58

12

125

62

11

1

53

59

78

11

58

28

26

51

23

13

56

38

27

84

42

49

20

30

40

50

LATITUDE
Similar to Table 3.8a but for fall 1878.
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IEAN 134 198 136 95 92 135 142 193
11 29 42 52 50 47 40 34
140 134 61 P99 -
160 10 1
99 - [194 107 140 86 85 23
1 26 33 8
180
119 31 p7 44 P2 431130 71
160 9 44 50 40
162 38142 66 P30 58
7 40 4
140
188 62
120 30
100
80
60
40
20
0l
40 20 0 20 60
% N
LATITUDE
TABLE 3.9a. Winter tropospheric CO data taken from tape 19, file 1. The

plotting code is the same as described in Table 3.1a.
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MEAN 143 199 199 183 146 150 109 134 118
1 29 33 23 69 81 54 32 77
140
99 11
L
160 4
114 1
$ 180 i
131 3
160 2
106 12
= 140 8
107 16(128 25}109 =
120 13 6 1
153 281113 411179 29]136 32
100 65 19 2 2
145 -1 143 211136 18
=
2 80 1 51 16
ég 220 511186 68 153 31 127 16137 17
o
- 11 20 18 16 6
60
143 =1199 54188 221168 3 141 19102 22
40 1 29 22 2 8 24
110 26
20 20
136 28
ol 24
40 20 0 20 40 60
% N
LATITUDE
TABLE 3.9b. Winter tropospheric CO data taken from tape 19, file 2.
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IEAN 94 93 94
18 18 60
140
78 7183 5
160 3 10
91 16
180 10
104 13 100 14
160 7 7
1115 82 16
2 9
140
88 -
120 1
85 11 103 2
100 5 2
110 11116 12
80 6 4
91 2188 16
60 2 11
90 17
40 7
102 32
20— 10
0
40 20 0 20 40 60

05
LATITUDE

TABLE 3.9c. Similar to Table 3.9b but for the stratosphere.
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TABLE 3.10b. Similar to Table 3.10a but for the stratosphere.
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TABLE 3.11 CO Climatology

Tape File
Set Aircraft no. no. Table no. Remark
1 PAN AM-N533 PA 14 1 3.5a-b Fall data only
15 1-3 3.6a-d
2 PAN AM-N655 PA 13 2 3.4a-b
14 3 3.5g-j
3 UAL-N4711U 12 2,3 3.12a-b
14 2 3.12a-b
17 1-3 3.12a-b
4 QANTAS VH-EBE 14 4,5 3.5k,3.5m Fall data only
19 1 3.13a-b




50 (a) Mean 5o (b) Mean
100 25(106 32)131 39| 106 59 24156 23|81 80 59
98 169 19 286 104 132 11 247
40 40
122 33{117 32{113 38|86 15}146 19| 116 98 37183 3766 261168 36 72
30 54 409 183 11 2 659 30 10 53 126 10 199
133 291119 3 114 9% 12 96
500 102 2
20 60 20 12 h, 12
- 160 140 120 100 80 60 160 140 120 100 80 60
(o]
[FY¥]
[ ]
=
—_
=
_30 (¢) Mean 50 (d) Mean
107 16{94 181105 16199 30 100 74 11 169 15 {70 18 |78 = 70
W0 21 81 92 5 199 20 4 23 19 1 47
106 13[103 41|93 18103 23 {108 3| 101 105 0178 17 |84 20 |58 7 82
59 234 147 52 3 495 1 9 24 2 36
30 30
92 16|94 12 92
20 304 49 353 20
160 140 120 100 80 60 160 140 120 100 80 60
LONGITUDE W
TABLE 3.12a. Composite results of carbon monoxide measurements made by United Airlines B-747 aircraft.

The plotting code is the same as

The data are taken from tape 12, tape 14 (file 2 only) and tape 17.
(c) Summer troposphere.

described in Table 3.1a. (a) Spring troposphere. (b) Spring stratosphere.
(d) Summer stratosphere.
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” (a) Mean 50 (b) AATMean
64 35 1103 2579 49 21 75 69 36159 21 |44 14 61
4 4 1 12 20 44 66
40 8874150 281 93 30/76 23 |59 2| 89 40 56 24 66
30 5 64 26 5 104 30 4 4
90 20010 33 95
2 92 33 125 20
- 160 140 120 100 80 60 160 140 120 100 80 60
o
(W)
fom}
oD
|—
-
<T
9 (c) Mean 59 _d) Mean
97 91100 19|55 22 |61 17 79 66 45 B2 23 164 19 54
10 3 12 12 29 40 8 56 68
76 3392 27176 35 91 22 86 50 17 171 31163 2/ B3 27152 4163
30 14 129 70 9 222 30 10 17 57 15 102
78 21 89 26 80 32 2 32
213 LY 265 3 -3
20 20 ,
160 140 120 100 80 60 160 1490 120 100 80 60
LONGITUDE W
TABLE 3.12b. Similar to Table 3.12a but (a) for fall troposphere, (b) for fall stratosphere,

(c) for winter troposphere, and (d) for winter stratosphere.
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Mean 217 134 140 185 128 95 96 135 137 166 203
0 7 7 18 32 56 70 66 52 51 52 3
P03 7
3
20
123 9

40 3
w 112 13
Q
|5 )
S 60 19
— 113 11133 17{118
(L]
=
o
= 4 5 11

80

103 1097 16108 20
100 11 18 12
113  8{113 40{118 39
120 5 3
60 20 0 20 40 60
0s LATITUDE ON

TABLE 3.13a. Composite results of carbon monoxide measurements made by QANTAS Airways during winter

(December 1977-February 1978) in the troposphere.
and tape 19 (file 1 only).

The data are taken from tape 14 (files 4 and 5)

The plotting code is the same as described in Table 3.1la.
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120

140

160

180

160

140

120

117 4
3
017 51134 35{153 70l299 -
7 7 12 1
99  0[194 108|140 86(85 23
1 26 33 8
119 31(97 44(92 430130 71
9 44 50 40
162 38142 66 [230 58
7 40 4
188 62
30
60 40 20 0 20 40 60
O LATITUDE On
TABLE 3.13a. Continued.
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94 111

135

148
16

137 35

20

17 160 62
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O

[a)
o

LONGITUDE ©f

[00]
o

100

120
60

TABLE 3.13b.

40 20 0
0g LATITUDE

Similar to Table 3.13a but for winter stratosphere.
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TABLE 3.13b.
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TABLE 3.714a. Summary of Zonal Mean Mixing Ratios of CO for the Troposphere
05 « | - ON
Latitude
belt 30-40 20-30 10-20 0-10 0-10 10-20 20-30 30-40 40-50 50-60 60-70
Spring:
PAN AM-533 119 116 109 125
(273) (369) (58) (17)
PAN AM-655 87 71 86 89 93 129 119 117
(23) (11) (15) (20) (105) (109) (83) (30)
UAL 114 116 106
(602) (659) (286)
MEAN 87 71 86 89 93 116 117 112 109 125
(23) (1) (15) (20) (105) (711) (1015) (685) (58) (17)
Summer:
UAL 92 101 100
(353) (495) (199)
Fall:
PAN AM-533 84 73 65 61 62 62 75 74 76 69
(14) (25) (29) (24) (25) (28) (28) (132) (160) (43)
PAN AM-655* 134 148 130 114 118 122
(25) (114) (163) (202) (268) (129)
QANTAS 9] 90 98 88 90 100 89 92 99
(64) (140) (137) (120) (108) (112) (88) (113) (30)
UAL 95 89 75
(28) (104) (12)
MEAN 90 87 92 84 85 92 91 84 79 69
(78) (165) (166) (144) (133) (140) (244) (349) (202) (43)

68



TABLE 3.14a. Continued

OS<—|—>ON

Latitude
belt 30-40 20-30 10-20 0-10 0-10 10-20 20-30 30-40 40-50 50-60 60-70
Winter:
PAN AM-533 86 85 a0 78 86 118
(24) (22) (105) (290) (62) (11)
PAN AM-655* 148 118 119 126 126 134 134 112
(21) (32) (39) (44) (39) (80) (48) (10)
QANTAS* 140 185 128 95 96 135 137 166
(18)  (32) (56) (70) (66) (52) (51) (52)
UAL 80 86 79
(265) (222) (29)
MEAN 86 85 83 81 84 118
(24) (22) (370) (512) (91) (11)

o6

* jndicates that the data are not included in the calculations of the means.

Number of observations in parentheses.
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TABLE 3.14b. Summary of Zonal Mean Mixing Ratios of CO for Stratosphere

Northern Hemisphere

Latitude
belt 20-30 30-40 40-50 50-60 60-70
Spring:
PAN AM-533 66 66 60 60
(217) (758) (925) (368)
PAN AM-655 59
(11)
UAL 96 72 59
(12) (199) (247)
MEAN 96 69 64 60 60
(12) (416) (1005) (936) (368)
Summer:
UAL 82 70
(36) (47)
Fall:
PAN AM-533 53 52 46
(245) (276) (31)
PAN AM-655* 101 86 88 81
(16) (100) (122) (20)
UAL 61
(66)
MEAN 88 63 63 60
(52) (458) (398) (51)
Winter:
PAN AM-533 56 57 57 56
(230) (387) (387) (169)
PAN AM-655%* 116 86 91
(13) (73) (78)
QANTAS* 148
(16)
UAL 63 54
(102) (68)
MEAN 58 57 57 56
(332) (455) (387) (169)
* indicates that the data are not included in the calculations of the

means.

Number of observations in parentheses.
No data in southern hemisphere.
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TAPE 9 FLIGHT 1 (2312)
Co 0, T U Y
Co 0.144 -0.016 -0.167 -0.456
o
~ 0 -0.640 0.133 -0.366 -0.372
n 3
o~
~ T 0.382 -0.368 -0.195 0.279
5]
an]
&}
a U -0.471 0.159 0.170 -0.037
=
W 0.629 -0.212 0.622 -0.739
FLIGHT 3 (3472)
co 0,4 T U 4
" co -0.627 0.328 0.530 0.362
~
= 03 -0.069 0.189 -0.302 ~-0.467
=5l
=
&)
=
ﬂ T 0.096 -0.060 0.692 -0.212
U 0.498 0.251 0.486 0.257
\ 0.230 -0.257 -0.072 0.091
TABLE 3.15a. Linear bivariate correlation coefficients among five variables.

CO = carbkpn monoxide; 03 = ozone; T = air temperature; U = zonal wind,
Number of data pairs in parenthesis.

V = N-S wind.
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TAPE 9 TROPOSPHERE (5481)
co 0, T U v
~ co -0.064 0.196 -0.056 0.560
-
[Ta)
wy
= 0 -0.352 -0.141 0.291 -0.085
m 3
[~
531
&
g T 0.245 0.302 0.260 0.317
B
<
&
0 U 0.110 -0.056 0.547 0.077
v 0.056 -0,308 0.102 -0.054
TABLE 3.15b. Similar to Table 3.15a except that the data are grouped

based on whether they are obtained in the troposphere or stratosphere
instead of on flight basis.
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TAPE 9 FLIGHT 1 (74)

_ CO O3 T
o
z

Cco 0.366 -0.322
N
=
i o] -0.652 0.307
O] 3
-
3

T 0.265 -0.279

FLIGHT 3 (105)
CO 03 T
=
P-.
~ CcO -0.648 0.266
<
E O3 -0.210 0.228
O
-
]
] T 0.256 -0.067
TAPE 9 TROPOSPHERE (150)
>
: Co 03 T
E Cco -0.176 0.191
o
oy
S
E O3 -0.486 -0.207
e T 0.255 0.205
TABLE 3.15c. Similar to Table 3.15a but using averaged values of

C0, 03 and T over 10 Tatitude.




FALL (350)
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TAPE 11
co 03 T u )
co -0.066 0.123 -0.244 0.175
=)
»| 03 0.062 -0.110 0.376 0.174
(O]
=
> T -0.47 -0.294 ~-0.125 -0.046
7
U -0.004 0.100 -0.069 0.027
v -0.199 -0.174 0.215 0.030
TAPE 11 SUMMER (1171)
Co 03 T U v
Co 0.018 -0.200 -0.064 0.052
03 -0.187 0.290 0.134
T -0.156 0.073
U -0.105
v
TABLE 3.16. Similar to Table 3.15a but for tape 11 and on seasonal basis.
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TAPE 12 SUMMER (177)
co 03 T U )
co -0.678 -0.118 0.101 -0.376
. 03 -0.717 -0.064 -0.042 0.284
&
w T -0.153 0.185 -0.368 -0.197
e
(=
[72)
U -0.283 0.214 0.319 -0.125
V -0.145 0.156. 0.118 0.572
TAPE 13 SPRING (115)
co 03 T U v
co -0.335 -0.485 -0.377 -0.216
05 -0.095 -0.022 -0.298
T 0.157 0.212
U 0.464
v
TABLE 3.17. Similar to Table 3.16 but for tape 12.




TAPE 14 (FILE 1)

FALL (1109)

97

Co 03 T U )
co -0.457 0.051 0.096 0.039
P~ 03 -0.343 0.188 -0.025 0.019
[aV)
=
e T -0.088 0.273 -0.115 0.124
=
=
U 0.090 -0.226 0.014 0.193
v 0.233 -0.226 0.022 -0.005
TAPE 14 (FILE 3) FALL (407)
Co 03 T ] v
co -0.592 -0.009 -0.222 -0.264
— 03 -0.609 0.074 0.079 0.183
o
o
4
o
! T 0.246 -0.320 0.021 0.202
=
=
u 0.166 -0.180 -0.176 0.289
Vv -0.180 0.222 -0.066 -0.083
TABLE 3.18. Similar to Table 3.16 but for tape 14, file 1 and file 3 only.
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TAPE 14 (FILE 4 & 5) FALL (883)
Cco 05 T U v

co -0.088 0.054 -0.009 0.009

03 0.014 -0.328 0.316 0.066
™)
(Xe]
— T -0.241 -0.395 -0.127 0.085
&=
—
=
= U -0.012 -0.035 -0.337 -0.029

v -0.025 -0.203 0.102 0.153

TAPE 15 WINTER (1675)
v
co 0, T U

o -0.530 -0.193 0.250 0.106

0, -0.700 0.241 -0.491 -0.029
2 1 -0.469 0.720 0.327 -0.015
S
e U 0.345 -0.421 -0.323 -0.024
=
oo
[7p]

v -0.062 0.043 0.101 0.059

TABLE 3.19. Similar to Table 3.16 but for tape 14 (file 4 and 5) and for

tape 15.
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TAPE 17 WINTER (117)
co 05 T 1 v
o -0.538 -0.020 0.121 0.113
03 -0.654 -0.369 -0.552 0.080
-~
™~
®
~ T 0.016 0.060 0.371 -0.299
g ,
&
7 U -0.085 0.036 -0.158 -0.152
v -0.080 0.054 0.081 0.169
SUMMER (920)
o 0, T i v
co -0.443 -0.066 -0.024 -0.016
0, -0.108 0.003 -0.035
T -0.002 0.068
U 0.349
v
TABLE 3.20. Similar to Table 3.16 but for tape 17.
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TAPE 18 FALL (277)
(0] 03 T U v
co -0.281 0.151 -0.151 -0.118
— 03 -0.244 0.253 0.048 ~-0.242
~
N
o T -0.195 -0.023 -0.137 0.125
=
=
v
U -0.110 -0.131 -0.088 0.303
) -0.098 0.136 -0.116 0.151
TAPE 19 (FILE 2) WINTER (498)
co O3 T U )
co -0.608 0.211 -0.301 -0.081
03 -0.101 0.061 -0.001
T 0.057 -0.061
U -0.121
)
TABLE 3.21. Similar to Table 3.16 but for tape 18 and tape 19 (file 2).




TAPE 20 (FILE 3)

FALL (1133)

101

co 0, T u v
co -0.435 0.295 -0.049 -0.053
S| 0g -0.272 -0.093 0.067 -0.007
&
= T 0.263 -0.126 -0.222 -0.022
et
U -0.068 0.238 [ -0.129 0.032
v -0.031 0.016 0.036 0.041
co 0, T U v
co
03
.
U
v
TABLE 3.22. Similar to Table 3.16 but for tape 20 (file 3).
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WINTER TROPOSPHERE

< 20° LATITUDE (36)

€0 05 T U v

| co 0.326 0.050 0.053 0.041
S

=

v CE -0.309 -0.113 -0.413 0.148
=

-

= T -0.145 ~0.060 0.106 -0.283
(o)

S

. U -0.264 -0.213 0.401 -0.568

v 0.208 -0.099 | -0.097 0.022
WINTER STRATOSPHERE < 20° LATITUDE (0)
co 0, T U v

P~ co

Yo

ol 9 -0.371

[}

s

-

=| 1 -0.368 0.489
o

(]

N

A U 0.059 -0.226 0.181

v -0.154 0.146 0.116 -0.133
TABLE 3.23a. Similar to Table 3.15 except that the data are grouped

based on Tatitude and the region below and above the tropopause. The
data used in the computations were collected by PAN AM-N533 aircraft.




SPRING TROPOSPHERE

103

< 20° LATITUDE (0)

co 05 T U v
co

~

o)

[Tp]

~ 03 -0.670

Ll

[an]

-

=

= T -0.159 0.422

|

Q

[a]

‘;‘ U -0.001 -0.047 0.055
V -0.157 0.187 0.121 0.161

SPRING STRATOSPHERE < 20° LATITUDE (0)
co 0, T U v

S o

©

- 04 -0.489

[am]

-

=

b T -0.341 0.669

—J

o A

<

A U 0.226 -0.269 -0.292
v -0.106 0.089 0.128 - 0.032

TABLE 3.23b.

Similar to Table 3.23a but for spring season.
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FALL TROPOSPHERE

< 20° LATITUDE (106)

co 03 T U v

- co 0.191 0.290 0.219 0.123
-~

=

w 03 -0.418 -0.272 0.418 -0.208
=)

-

= T 0.159 ~0.041 ~0.173 0.541
(o]

N

A U 0.058 0.045 0.017 -0.346

v 0.058 -0.034 0.150 0.240
FALL STRATOSPHERE 5.200 LATITUDE (0)
co 03 T U v

_ o

()]

[s0]

L

w 04 -0.298

o]

s }

=

p

< T -0.097 0.575
o

o

N

A U -0.040 -0.102 -0.317

v -0.002 0.007 0.062 0.118
TABLE 3.23c. Similar to Table 3.23a but for fall season.




WINTER TROPOSPHERE
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< 20° LATITUDE (152)

co 03 T U )
co 0.125 0.352 -.001 0.083
~
=
= 03 -0.183 0.067 0.253 -0.089
8]
O
>
=
gﬁ T 0.184 -0.083 -0.044 -0.060
(o]
Q
A U -0.098 -0.252 -0.301 0.481
v -0.136 0.391 0.019 0.027
WINTER STRATOSPHERE 5_200 LATITUDE (0)
co 03 T U )
. co
-~
(Vo)
:: 03 -0.611
[=]
pun )
=
|,—
< T -0.425 0.394
o]
&
A U 0.086 =0.179 -0.068
'} -0.059 -0.116 0.129 -0.353
TABLE 3.24a. Similar to Table 3.23a except that the data used in the

computations were obtained by PAN AM-N655 aircraft.
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SPRING TROPOSPHERE

< 20° LATITUDE (22)

co 05 T U v

co 0.349 0.131 0.265 0.205
o
2
- 03 -0.280 -0.083 0.397 0.289
=]
=
= T -0.521 -0.036 -0.199 -0.692
)
[aN]
A u -0.567 -0.080 0.567 0.292

v -0.249 -0.455 -0.489 0.494

< 20° LATITUDE (0)
v
co 0, T U

co
=
W 0, -0.904
 }
=
|._
<T
- T -0.877 0.615
Q
A U 0.789 -0.968 -0.480

v 0.557 -0.842 -0.099 0.874
TABLE 3.24b. Similar to Table 3.24a but for spring season.




FALL TROPOSPHERE
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< 20° LATITUDE (22)

co 05 T u v
— co 0.213 0.246 0.037 0.255
&
A
w 03 -0.367 -0.161 0.585 -0.491
= .
=
—
< T -0.002 0.011 -0.121 0.153
(@)
O
(aN]
A U -0.035 -0.031 0.016 -0.528
v -0.174 0.041 0.179 0.191
FALL STRATOSPHERE < 20° LATITUDE (0)
co 0, T U v
— co
M~
=
J 03 -0.404
a
|
-
'_
S5 T -0.427 0.539
o
&
A u -0.227 -0.221 0.234
v -0.187 0.031 0.399 0.396

TABLE 3.24c.

Similar to Table 3.24a but for fall season,.
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WINTER TROPOSPHERE

< 20° LATITUDE (0)

co 03 T U

co

©

L

Wy 03 -0.429

(=]

o

=

= T -0.169 -0.312

(=)

S

A U -0.073 -0.565 0.359
) 0.125 0.252 -0.467 -0.290

WINTER STRATOSPHERE 5_200 LATITUDE (0)
co O3 T u

Co

N

Z

W 03 -0.613

[an]

=

=

-

< T -0.549 0.781

o

o

d

A U 0.350 -0.479 -0.225
Vv -0.053 0.096 0.322 0.299

TABLE 3.25a. Similar to Table 3.23a except that the data used in the

computations were obtained by United Airlines B-747 aircraft.




SPRING TROPOSPHERE

109

< 20° LATITUDE (0)

co O3 T U )

-~ Co
<r
]
1 03 -0.372
0o
)
=
—
< T 0.048 -0.055
(@]
(C\>l .
N U -0.064 0.043 -0.140

Vv -0.080 0.061 0.058 0.185

SPRING STRATOSPHERE < 200 LATITUDE (0)
co 03 T U v

§ co
N
tw 0, -0.699
=
=
-
=L
~ T -0.529 0.689
Q
A U -0.079 -0.067 -0.029

v -0.056 0.050 0.205 0.194
TABLE 3.25b. Similar to Table 3.25a but for spring season.
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SUMMER TROPOSPHERE

< 20° LATITUDE (0)

co 03 T U
co
=)
[e))]
[¢e]
e 03 -0.299
(FW)
(o]
D
=
= T -0.090 -0.090
—
o
&
A U -0.041 0.031 -0.031
Vv -0.066 0.020 0.040 0.314
SUMMER STRATOSPHERE < 20° LATITUDE (0)
co 03 T ]
co
o
™~
=~ 03 -0.840
a
-
=
-
< T -0.480 0.562
o
o
N
A 1] -0.031 -0.089 0.001
v -0.186 0.241 0.055 0.309
TABLE 3.25c. Similar to Table 3.25a but for summer season.




WINTER TROPOSPHERE

111

< 20° LATITUDE (95)

co 0q T U v
co -0.004 -0.676 -0.308 0.089
o
2
- 03 -0.036 -0.106 0.586 -0.456
S
=
= T -0.117 -0.433 0.022 -0.081
o
(o]
gV}
A U -0.288 0.003 -0.127 -0.286
v -0.059 -0.149 0.056 0.151
< 20° LATITUDE (0)
) 0, T u ]
co
©
S
L 04 -0.246
o]
|
-
|,_.
i T -0.161 0.453
o
&
A U -0.201 -0.005 -0.513
v 0.249 0.076 -0.336 0.417
TABLE 3.26a. Similar to Table 3.23a except that the data used in the

computations were obtained by QANTAS Airways VH-EBE aircraft.
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FALL TROPOSPHERE

< 20% LATITUDE (431)

o 04 ‘T U v
co 0.363 0.067 0.082 0.157
o)
<t
N
N 03 -0.279 0.030 0.071 0.211
5
=
= T 0.048 -0.178 -0.024 0.025
o
O
[qN]
A U -0.037 0.046 0.224 -0.191
v ~0.090 0.163 0.068 0.088
FALL STRATOSPHERE < 20° LATITUDE (0)
o) 0, T U v
co
B
Ll 05 -0.934
-
=
|._
<
— T -0.874 0.951
OO
[aN]
A U -0.044 0.236 0.414
v 0.527 -0.501 -0.534 -0.053
TABLE 3.26b. Similar to Table 3.26a but for fall season.
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4, SUMMARY AND CONCLUDING REMARKS

The GASP observations of carbon monoxide are plentiful and can
be claimed as the largest collection in the world. Our studies reported
in this document can only represent an overall look at this material;
much remains to be investigated in more detail. Unfortunately, due to
instrumental problems, about one-half or more of the data has been found
questionéble. Hence, great care was exercised when we examined these
data. We believe that the final results presented in this report are
reasonably good and can be used by modelers in validating their
theoretical calculations. The following conclusions are reached.

1. Based oﬁ the final data recommended in Table 3.14, we note
that carbon monoxide is higher in middle latitudes of both hemispheres
than in low latitudes with the largest values in the northern hemisphere.

2. Also, based on the data of Table 3.14, there is preliminary
evidence of a seasonal cycle in the northern hemisphere with maximum
values in the spring season. Because so much of the data from the
southern hemisphere was discarded, it is not possible to establish a
seasonal cycle there.

3. Carbon monoxide and ozone are negatively correlated for
latitude polewards of 200, a circumstance we ascribe to vertical
motion. Ozone-rich carbon monoxide poor air descends from higher levels
in the stratosphere often through the tropopause while ozone poor carbon
monoxide rich air ascends from lower levels in the troposphere to flight

levels.
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4. Carbon monoxide and ozone are positively correlated for
latitudes equatorwards of 200, a circumstance that may be related
to photochemical interactions between the gases as observed by Fishman
et al. (1980).

5. Variability of CO in the stratosphere is small. Because we
used the stratosphere as a calibration device we partly forced this
conclusions. But as long as the instrument was able to measure down to
about 50 ppbv and simultaneously registered high ozone (> = 120 ppbv) the
data was accepted. There were a few measurements of very low carbon
monoxide (= 10-20 ppbv) whose origin is unknown. Again, they could be

examined by trajectory analysis.
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APPENDIX

Summary of GASP ozone data és a function of latitude and
longitude for the period March 1977 to December 1978. 1In each box
the value at the upper left corner represents the mean value of ozone
mixing ratio (ppbv) for that grid area, the figure at the upper right
corner is the standard deviation, and the number of observations is
indicated at the bottom. The zonal mean and the corresponding total
data points for the latitudinal belt are given at the top row in each
table. The data are taken from tapes 11 through 20. Note that the
ozone data with an "L" tag are not included in the statistics and that

the 128 second average ozone values are used only.
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ppbv

OZONE,

700
600 - -

500 1977 7

FA
300 ' -

- S -
200 SPS

ol W )
ol SPT/ UT _
1 |

60 40 20 0 20 40 60 80

700

600 - -
500 1= 1978 Su 7|
400

200
100

°S LATITUDE °N

FIGURE A-1. Composite results of zonal mean ozone mixing ratio derived
from all available data taken from tapes 11 through 20. SP, SU, FA

and WI stand for spring, summer, fall and winter, while subscripts T
and S are for troposphere and stratosphere.



MEAN 46 32 24 20 18 29 60 79 89 73
183 302 189 182 174 146 309 263 72 6
0 45 8713 28
22 6
20
42 17 71 30{103 85
9 34 39
40
38 19 40 666 40
16 23 83
60
47 18 17 4137 13|51 18
“ &g 19 10 35 75
" 47 965 31{29 25 23 831 8145 19
Ewo 10 16 22 34 38 18 27
g 42 17[32 8]32 23 25 9141 12 |43 -
-
1| 3 32 44 16 14 1
120 43 25|32 8|28 22 18 4 |24 --
55 30 43 19 15 1
140
43 21l29 9
74 27
160 58 43|27 1319 17
33
180 154 63 7
50 40 20 20 40 60 70
o5 LATITUDE oN
TABLE A.1. March, April, May 1977 in troposphere. See appendix.
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W
—
Q
o

(=]

LONGITUDE

180

160

140

120

80

60

40

20

19 15 15 518 10
29 78 95 61
40 12{71  40{106 109
17 164 14
46 11|85 79|90 5
19 121 2
116 54
9
138 115
9
70 8
2
0
50 40 20 0 20 40 60 70
Og LATITUDE ONn
TABLE A.1. Continued.
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LONGITUDE

MEAN

59

184
14

379
182

391
321

240
224

246
11

20

324 46

40

60

80

100

120

140

160

59

180
60

TABLE A.2.

20

LATITUDE

March, April, May 1977 in stratosphere.

40

See appendix.

60

80
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LONGITUDE Ow

180
160
184 55 250 90
14 8
140 318 127|517 190|278 89 237 91
17 18 24 3
120 391 244|497 216
145 83
100 347 195|378 240
20 | 121
80 339 1281306 58
0 16 5
266 94385 64
32 73
40
203 86201 99
14 76
20 380 511205 72
3 16
0
50 40 20 40 60 80
0s LATITUDE ON

TABLE A.2. Continued.
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\ 54 41 25 19 20 26 46 76 71 69
MEAN
103 194 189 153 128 136 196 246 113 12
0 60 17|69 40
36 12
20 58 10 86 6576 43
4 63 74
40
53 2|28 - 46 1651 17
3 1 39 112
60
76 2 21 23 4|43 14
= 80 7 10 60 90
" 37 1129 -2 6|2 20 27 13|51 12
(]
E]OO 2 1 26 43 57 40 | 20
g 54 32136 1129 12 |18 19 19 2129 -
-l
14 43 74 54 13 6 1
120 51 15|45 18119 6 |13 17 27 -
1
140 48 89 45 10 0 1
61 3538 17
24 21
160
56 2434 17|25 8 |20
15 33 23 7
18050 70 20 20 40 60 70
O LATITUDE ON
TABLE A.3. June, July, August 1977 in troposphere. See appendix.
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Oy
b=
(an)

LONGITUDE

180

160

140

120

80

60

40

20

26

13

20

39

21

38

21

14

38

1350

45

18

69 74
1

13

98 91
44

167 73
11

325 --

114 15

84 24

120 --

0
50 40

TABLE A.3.

0g

Continued.

20

LATITUDE

20

40

60

70
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MEAN

20

40

60

O

80

100

LONGITUDE

120

140

160

180

93

265

326
15

265
34

251
18

93

14

309

60

TABLE A.4.

40

0

S

20

June, July, August 1977 in stratosphere.

LATITUDE

40

See appendix.

60

80
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180

160

176

61227 12

3

252 40
11

140

230 57
4

265 60
34

251 57

120

411 119
8

100

80

LONGITUDE Ow

60

40

20

TABLE A.4.

40

Continued.

0s

20

LATITUDE

40

60
ON

80
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49 89 81 36 24 19 27 50 78 93 115
MEAN
4 188 348 230 232 215 243 261 664 426 40
0 92 4965 28{51 15
6 51 10
20 66 2843 32
85 59
40
62 22177 40
40 41
60
20 2[31 12143 16
& 5 62 47
w 22 418 1|20 11|35 18(83 13
= 100 12 19 59 41 18
(o]
= 99 59|56 14|50 2642 23|26 13i{35 1240 13
S _
6 32 40 42 11 35 11
120 83 65|72 35|44 28/22 1417 7138 8|51 240152 16
140 24 85 76 41 24 6 12 7
49 14 |82 32095 51 16 8 88 77 |88 41
4 120 95 2 91 49
160 112 62182 61 125 17116 6 82 22 (91 52151 20
180 38 113 54 20 23 36 7
50 40 20 0 20 40 60 70
O LATITUDE ON
TABLE A.5. September, October, November 1977 in troposphere. See appendix.
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180

85 46|26 22121 8117 7116 881 36|61 24[156 901164 43
23 48 | 103 95 53 1 10 31 5
160 76 1019 2122 11136 12|59 28|113 69143 92
40 18 38 | 102 31 16 13
20 -|75 20|76 42|67 31173 53
1 20 | 18] 16 5
120
90 32107 45
= 17 14
S 100 70 3650 17
;g g 37 7
£ 80 81 431180 4
[ds]
=
S 107 2
60 88 45126 71
20 26
40
122 29196 41
8 35
20 170 52
. 54
50 40 20 0 20 40 60 70
Og LATITUDE ON
TABLE A.5. Continued.
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Of

LONGITUDE

MEAN 258 107 151 205 263 333
73 2 14 499 539 75
0
216 77
12
20
111 71146 63
2 19
40
177 19
5
60
80
100
283 41
120 2
209 145
140 21
333 120 232 112
160 10 77
268 166 106 - 182 43{135 35(309 114
37 1 3 14 84
180
60 40 20 40 60
% LATITUDE N
TABLE A.6. September, October, November 1977 in stratosphere. See appendix.
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LONGITUDE ©Ow

180
107 107 181|176 69| 322 721379 76
27 61 16
160
189 69| 251 91/ 366 69
50 44 18
140
124 --1185 841313 81,300 71
42 15 17
120
119 -- 227 91212 57/279 28
T 28 24 9
100
199 97| 160 87
46 16
80
231 991|210 68
82 5
601 222 105 | 257 79
58 105
40
185 76| 250 100 352 41
36 92 10
20
211 111|231 81243 19
8 93 5
0
60 40 60 80
LATITUDE oN

TABLE A.6.

Continued.
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O

LONGITUDE

MEAN

20

40

60

80

100

120

140

160

180

35 63 45 27 23 25 32 63 97 137 127 171
19 472 47 464 442 475 434 1397 1575 311 183 11
26 11
5
61 2
4
24 -139 15
1 27
36 6143 20 4
5 13
29 14120 1133 6
13 22 16
61 6123 12 32 725 12|21 28 12
3 3 27 61 47 44
54 9150 4 |4 9136 9 38 18(128 173
19 3 20 12 121 56
41 1859 40 [53 22 |26 7 121 2119 1|21 45 16124 158768 360
8 296 63 19 18 18 21 18 153 16
32 6 71 41 {44 23 (26 12123 7 94 891|112 72|37 22
11 154 344 349 26 111 24 19
50 40 20 0 20 40 60 70
% LATITUDE oy
TABLE A.7. December 1977 through January and February 1978 in troposphere. See appendix.
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=
o

LONGITUDE

180
23 9422 12|24 1429 15{72 --N13 61 {429 23{34 14
160 97 267 315 170 1 70 3 14
29 10 (24 3 31 13{70 651134 137 {122 6157 10237 138
140 28 21 43 948 163 13 5 3
23 5{30 11168 46|79 721|114 104|183 37134 26
120 22 21 134 776 130 10 5
46 19 115 107 {103 70{115 63 {153 --
100 96 190 20 14 1
50 2143 17146 3388 49 {91 45/70 19
80 2 93 21 25 43 11
20 8129 1340 7 65 56[36 5
17 33 33 52 7
60 35 24|35 17 |27 921 4 62 38(234 90
4 48 32 3 10 29
40 192 52
32
20 117 63172 3
37 2
0
50 40 20 0 20 40 60 70
0g LATITUDE oy
TABLE A.7. Continued.
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MEAN 165 144 261 271 411 448 449 319
7 8 40 850 1150 817 354 9
0
122 50
20 10
100 13123 24
40 2 11
60
'5u
80
Ll
(o]
=
o 100
=
[e)
w—d
120 267 217
140 33
359 268 31 300
- 76 296
160
135 81 #14 258 13 328
21 36 237
180
60 40 20 40 60 80
% LATITUDE oy
TABLE A.8. December 1977 through January and February 1978 in stratosphere. See appendix.
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LONGITUDE Ow

180
255 180 (383 218 | 462 296|579 255
160 48 41 153 55
269 1521364 241 {374 209 | 366 202 501 199
] 26 98 66 104 82
40 246 97238 167 {283 178 | 341 200; 524 229
120 14 296 136 30 74
236 144 {379 223 | 359 177} 474 228
100 193 114 85 52
307 186 395 263 | 420 219} 288 61
75 342 128 26
80
532 98 423 238 | 286 69 276 43|319 35
8 98 14 19 9
60
227 38 250 62
10 30
40
185 91} 154 48
20 30 16
223 56
0 26
60 40 20 40 60 80
0g LATITUDE ON
TABLE A.8. Continued.

PET



. 86 45 38 29 31 33 79 108 136 133 118
MEA
114 97 143 136 179 296 | 1392 1837 | 1456 317 24
0
27 1|81 84
7 10
20 16 9
7
40
33 14
0 14
34 10|23 --
d
° g 29 1
w 24 1
=
= 11
= 100
2 40 952 15|66 9
o
|
29 50 23
120 54 3|50 35 27 2165 290125 95
140 3 23 19 24 65 54
73 47073 13 04 2 143 166|192 174
160 49 20 39 257 174
97 74|32 15|26 pa 1|27 2 [119 131|149 155330 206
180 65 27 8 33 18 66 121 35
50 40 20 20 40 60 70
Og LATITUDE N
TABLE A.9. March, April, May 1978 in troposphere. See appendix.
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180

40 29{37 17|29 29 6|27 4p26 2|78 61]179 178|269 212 125 70
46 77 66 33 32 50 27 118 23 10
160 14 9|25 26 528 7185 51177 1100102 116/71 90 {100 56
40 14 29 54 42 908 126 134 39 10
79 333 1094 72106 104{94 11641 23143 9
120 11 26 229 937 256 21 2
38 17 |103 87101 67/150 57 149 4
& 100 39 327 135 21 2
42 19p4 1|81 55147 12898 60
2 0 28 16 26 308 23
= 3 11143 1638 2 (77  9{170 148
=
S 16 13 4 2 149
60 65 --|52 11|29 43 10047 1 97 11381 84
1 21 22 12 4 33 29
40 59  7{119 151
14 51
20 97 111
0 65
50 20 20 40 60 70
os LATITUDE ON
TABLE A.9. Continued.
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O

LONGITUDE

MEAN 211 340 381 495 527 596
45 9 517 1458 1461 448
0
) 115 99
20 6
50 4 136 23
4
40 °
60
80
100
120
140
228 65 442 2011615 187|664 171
160 15 129 356 2
303 62 389 1771464 199|593 232
30 15 127 411
180
60 40 20 40 60
% LATITUDE oy
TABLE A.10. March, ‘April, May 1978 in stratosphere. See appendix.
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LONGITUDE ©u

180
450 250 {443 210 |547 211 [607 220
] 6 100 294 82
60
279 128/361 262|450 214|521 205 |630 181
” 6 33 129 187 140
0 461 150 373 233{414 230|435 227 |582 175
120 3 151 140 87 131
351 195|448 187 {541 192 (553 125
100 167 150 122 94
379 192|488 204|548 159 |648 --
80 12 287 185 1
149 234|171 296
149 11
60
516 181409 179
: 16 56
40
285 183
20 62
403 253
0 38
60 40 20 40 60 80
0s LATITUDE ON

TABLE A.10. Continued.
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VAN 121 75 44 42 37 40 61 91 127 152 205
208 338 394 423 504 | 1178 | 2315 2690 | 3365 | 1689 291
0 118 74 42 106|151 88
10 123 42
20
135 115 150 84
76 99
40 73 17|91 68
6 20 149
46 7161 23144 --
L 4 124 1
© 80
N 41 12159 22
S
e 59 75
= 100
2 24 30 1355 25
o
-l
101 164 56
120 36 14089 21 |60 34
140 17 204 96
124 691{132 98 27 9l46 17|82 74 113 93
160 75 5 164 12 452 478
103 90|70 43|37 12|29 40 26151 31|67 55 0132 106/204 171
180 123 147 43 7 126 117 192 360 131
50 40 20 20 40 60
O LATITUDE ON i
TABLE A.11. June, July, August 1978 in troposphere. See appendix.
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180 64 37|37 15(35 12§35 11|43 19|57 29|75 65139 107|198 162 (215 144
169 250 235 84 65 285 96 212 116 30
160 36 17|38 16|38 16{62 3781 130112 94/ 180 134{238 178
79 225 196 848 246 198 59 39
140 47 17062 3194 87 {157 113141 127208 185
120 70 413 985 251 66 37
65 1190 321109 80 {134 91/184 179|275 193
= 100 3 130 485 315 37 19
54 16|61 1665 17 97 60 133  97/180 133|254 151
§§ 0 6 136 15 132 365 123 4
- 65 14{44 13|57 17|81 1986 20114 78/137 73(228 69
§§ 45 65 68 16 30 529 24 14
0 312 106212 17563 13 |63 13|58 11|43 11 117 96} 164 123{235 149
20 10 17 101 57 23 6 285 180 19
112 81{135 117 [170 127
84 393 87
20 147 107|128 9242 167
0 66 518 42
50 40 20 20 40 60 70
0s LATITUDE ON
TABLE A.11, Continued.
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LONGITUDE

MEAN 294 165 335 350 431 459 560
207 4 104 935 1775 938 54
0
367 1781398 126
26 14
20
512 156{444 208
9 6
40
361 --
60 1
80
100
120
140
255 143 477 -- {425 187
71 1 60
160
315 151 149 39 349 167 {445 162
13 173
180 5 2 28
60 40 20 40 60 80
% LATITUDE oN
TABLE A.12. June, July, August 1978 in stratosphere. See appendix.
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180
182 2 289 178|452 1771481 139
2 85 169 72
160
93 --| 314 173/469 132|418 146
1 1 132 98 104
40 320 161} 328 138{451 152{424 146
27 171 94 96
120
307 154 383 164|457 151(486 134
o 100 54 94 262 144
w ’ 377 86| 386 142403 160}522 939|586 66
o
Fod 9 128 299 120 9
o 80
% 364 3] 350 167{449 1381493 111|555 90
—t
60 2 69 156 96 30
383 -- 337 154|394 137,444 146(546 103
io 1 75 136 148 12
230 165{430 1431419 1501591 6
17 160 122 3
20
414 1771395 1511408 175
34 216 36
0
60 40 20 40 60 80
0s LATITUDE ON
TABLE A.12. Continued.
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LONGITUDE

MEAN 105 23 21 30 28 33 46 68 90 103 107
9 32 37 43 123 181 618 1153 1401 599 110
0
102 12177 19|81 34
7 15 1
20 5
100 35119 27
40 31 6
71 17168 20
60 ‘ 23 40
50 15(70 17
80 4 38
38 6|52 6
100 18 17
25 8i28 11(48 25
120 77 113 35
50 22169 26
140 97 40
39 - 39 15176 4398 56
160 1 52 178 120
150 15012 4 44 16 {122 98 100 79 {122 66
180 > 3 41 a1 | 11 6
50 40 20 20 40 60 70
% LATITUDE N
TABLE A.13. September, October, November 1978 in troposphere. See appendix.
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180
8 717 219 37 --l60 2396 64195 107 |76 12
160 20 26 17 1 78 55 22 3
13 15 5120 941 1662 18/96 77193 104 |185 109
140 8 26 18 234 102 70 25 10
47 26 |38 20160 39199 69223 69 |226 63
8
120 60 383 7|3 6
61 36|76 45167 29|75 24
- 185 189 42 9
S 100
95 15|89 491102 62 |49 &
= 80 37 | 196 48 7
= 61 58 11 |61 14|61 12185 24i87 32[144 75
=
S 6 20 6] 20 31 237 17
60 54 10|60 23|56 16|57 98 60104 67 [111 74
3 9 1 12 168 81 23
40
81 380102 67 |65 28
76 147 39
20 76 20186 53 |172 103
. 51 201 13
50 40 20 0 20 40 60 70
0g LATITUDE ON
TABLE A.13. Continued.
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LONGITUDE

MEAN 235 37 66 209 234 267 283 178
35 1 6 464 665 337 4
0
186 851243 79
14 7
20 217 30
40 8
60
80
100
120
140
128 49 288 123

9 94

160
272 14537 - 192 831 313 125

26 1 46 133

180
60 40 20 40 60 80
%5 LATITUDE ON
TABLE A.14. September, October, November 1978 in stratosphere. See appendix.
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LONGITUDE ©w

180
203 95285 87 84 110
74 97 31
160
276 102 1263 81 230 104
70 41 48
140
66 206 168 (233 100 [259 89 [256 89
120 7 32 | 20 44
223 - (267 137 [196 88 271 65
1 29 58 32
100
206 75217 100 311 89
i 47 99 34
163 68 [298 103 [335 94 |178 87
" 39 48 50 4
245 92 [285 126 [297 103
13 48 44
40
279 111273 96
62 31
20
246 94 [279 70
52 23
0—
60 40 20 40 60 80
0s LATITUDE ON

TABLE A.14. Continued.
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