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Chemical characteristics of Pacific tropospheric air in the region
of the Intertropical Convergence Zone and South Pacific
Convergence Zone

G. L. Gregory,! D. J. Westberg,2 M. C. Shipham,! D. R. Blake,? R. E. Newell,*
H. E. Fuelberg,> R. W. Talbot,® B. G. Heikes,” E. L. Atlas,? G. W. Sachse,®
B. A. Anderson,! and D. C. Thornton!?

Abstract. The Pacific Exploratory Mission (PEM)-Tropics provided extensive aircraft
data to study the atmospheric chemistry of tropospheric air in Pacific Ocean regions,
extending from Hawaii to New Zealand and from Fiji to east of Easter Island. This
region, especially the tropics, includes some of the cleanest tropospheric air of the world
and, as such, is important for studying atmospheric chemical budgets and cycles. The
region also provides a sensitive indicator of the global-scale impact of human activity on
the chemistry of the troposphere, and includes such important features as the Pacific
“warm pool,” the Intertropical Convergence Zone (ITCZ), the South Pacific Convergence
Zone (SPCZ), and Walker Cell circulations. PEM-Tropics was conducted from August to
October 1996. The ITCZ and SPCZ are major upwelling regions within the South Pacific
and, as such, create boundaries to exchange of tropospheric air between regions to the
north and south. Chemical data obtained in the near vicinity of the ITCZ and the SPCZ
are examined. Data measured within the convergent zones themselves are not considered.
The analyses show that air north and south of the convergent zones have different
chemical signatures, and the signatures are reflective of the source regions and transport
histories of the air. Air north of the ITCZ shows a modest urban/industrialized signature
compared to air south of the ITCZ. The chemical signature of air south of the SPCZ is
dominated by combustion emissions from biomass burning, while air north of the SPCZ is
relatively clean and of similar composition to ITCZ south air. Chemical signature
differences of air north and south of the zones are most pronounced at altitudes below 5
km, and, as such, show that the ITCZ and SPCZ are effective low-altitude barriers to the
transport of tropospheric air. At altitudes of 8 to 10 km, chemical signatures are less
dissimilar, and air backward trajectories (to 10 days) show cross-convergent-zone flow. At
altitudes below about 5 km, little cross-zonal flow is observed. Chemical signatures
presented include over 30 trace chemical species including ultrafine, fine, and heated-fine

(250°C) aerosol.

1. Introduction

The Pacific Exploratory Mission (PEM)-Tropics provided
extensive aircraft data to study the atmospheric chemistry of
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tropospheric air in the central and eastern Pacific Ocean re-
gions. This region of the Pacific extending from Hawaii to New
Zealand (20°N to 45°S latitude) and from Fiji to east of Easter
Island (175°E to 110°W longitude) is a data sparse region in
terms of tropospheric air chemistry data. Existing data are
limited to the Global Atmospheric Measurements Experiment
on Tropospheric Aerosols and Gases (GAMETAG) aircraft
missions of 1977 and 1978 [Davis, 1980], the Stratospheric
Ozone Experiment (STRATOZ III) mission [Marenco, 1988],
scattered ozone sonde releases from selected sites (e.g., Samoa
and New Zealand), and intermittent land-based or ship-based
surface observations. This region, especially the tropics, is one
of the cleaner regions of the world and, as such, is important
for studying atmospheric chemical budgets and cycles. It also
provides a sensitive indicator of the global-scale impact of
human activity on the chemistry of the troposphere. The region
includes such features as the Pacific “warm pool,” the Inter-
tropical Convergence Zone, the South Pacific Convergence
Zone, and important Walker Cell circulations. .

The PEM-West A and B missions conducted in 1991 and
1994 (Journal of Geophysical Research, 101, 1641-2147, 1996;
102, 28,223-28,671, 1997) studied the northern Pacific Ocean
regions with a focus on understanding the importance of Asian

5677



5678

GREGORY ET AL.:

PACIFIC ITCZ AND SPCZ TROPOSPHERIC AIR

80N

60N

40N

20N

208

408 -t Nyl

60S '
100E 120E 140E 160E 180E 160W 140W 120W 100W 80W  60W 40W
Figure 1. PEM-Tropics study area and major meteorological features.

outflow to tropospheric chemistry during periods of maximum
impact from Asian outflow (northern hemisphere winter and
PEM-West B) and less dominant outflow (summer, PEM-West
A). Results show that North Pacific region is no longer pristine
and free of major influences from anthropogenic emissions and
that the impact of Asian outflow on tropospheric air is sizable
and dominant. PEM-West A and B and PEM-Tropics data are
in the public domain and are available from the NASA Langley
Research Center via the Distributed Active Archive Center
(DAAC) and from the Global Tropospheric Experiment
(GTE) Wide World Web site at html://www-gte.larc.nasa.gov.

The PEM-Tropics experiment was conducted during the
southern hemisphere winter/spring (August, September, and
October, 1996) and utilized both the NASA DC-8 and P3-B
aircraft in a coordinated effort to study the South Pacific re-
gion. The aircraft operated from multiple staging areas: Tahiti
(both aircraft); Easter Island (both); Christmas Island (P3-B);
Guayaquil, Ecuador (P3-B); Fiji (DC-8); and Christ Church,
New Zealand (DC-8). Both aircraft ferried to the region via
Hawaii. Typically, each aircraft flew two to three missions (~7
hour duration) from a staging area and included flight altitudes
to about 13 km (DC-8) and 8 km (P3-B) above mean sea level.
The PEM-Tropics program objectives, participants, suite of
instruments, and experimental approaches are discussed in the
overview paper by Hoell et al. [this issue]. A meteorological
overview of the mission is given by Fuelberg et al. {this issue].
Figure 1 shows the PEM-Tropics study area and illustrates the
meteorological features important to regional air flow during
the southern hemisphere winter/spring. The shaded circles in
the figure indicate the aircraft staging areas. The two features
of importance to our analyses are the Intertropical Conver-
gence Zone (ITCZ) and the South Pacific Convergence Zone
(SPCZ).

The ITCZ and SPCZ are major upwelling regions within the

South Pacific troposphere and, as such, create boundaries to
exchange of tropospheric air between regions to the north and
south. Based upon the dynamics of formation of the ITCZ and
SPCZ, a convergence of low-altitude air from different source
areas, differences in the chemical composition of tropospheric
air north and south of each zone are anticipated. However, the
chemical composition of air, the relative magnitude and per-
sistence of concentration differences for major trace chemical
species, and the importance of natural emissions and human
activities on the chemical composition of air north and south of
the ITCZ and SPCZ are not well known. In addition, the
effective vertical height of the ITCZ and SPCZ in terms of
limiting mass transport is not known. Our analyses address
these issues. In the study we examine the chemical composition
of tropospheric air as a function of altitude on each side (north
versus south) of the convergent zones using data from portions
of DC-8 flights which crossed the ITCZ and SPCZ. In addition,
back trajectories for air sampled are examined to identify po-
tential source areas. The degree to which the chemical com-
position of air north and south of the ITCZ and SPCZ differs
is an indicator of the effectiveness of the zone as a transport
barrier. Substantially different chemical signatures not only
indicate an effective barrier, but also suggests that the air north
and south of the zone are from different sources. The data
used in the study are restricted to measurements in the near-
vicinity of the zones and excludes data measured within the
ITCZ and SPCZ.

2. ITCZ and SPCZ Meteorology

The ITCZ and SPCZ are discussed by numerous authors
including Wallace and Hobbs [1977], Merrill {1989], Hastenrath
[1991], Holton [1992], Vincent [1994], and Fuelberg et al. [this
issue]. Our discussion is a brief synopsis of the literature high-
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Figure 2. The 1996 PEM-Tropics flight tracks: NASA DC-8 aircraft. Circled flight numbers identify data
used in the analyses.
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lighting points important to our analyses. Discussions are ref-
erenced to Figure 1.

2.1. ITCZ

The ITCZ is an intense band of convection which provides a
meteorological boundary between northern and southern Pa-
cific tropospheric air. Meandering between 2° and 12°N lati-
tude, the ITCZ roughly parallels the equator as it transverses
the Pacific Ocean. The convergence of clockwise flow around
the North Pacific subtropical high at 30°N and counterclock-
wise flow around the South Pacific subtropical high at 30°S
produces a persistent easterly flow along both sides of the
ITCZ. North of the ITCZ, the prevailing winds frequently
exhibit a northerly component, while south of the ITCZ, they
exhibit a southernly component. The degree of northerly or
southernly component depends upon the location and strength
of the subtropical highs. Vertically, the ITCZ is well-identified
at altitudes up to 3 or 4 km, becoming less distinct at higher
altitudes. Although the major airflow component is easterly
along the ITCZ, cross-zonal flow does occur. Offshore Asian
airflow will penetrate deep into Australia during January, while
in July, Australian airflow will penetrate as far north as south-
ern Asia.

In the North Pacific (30° to 50°N), tropospheric air is basi-
cally flow from the west in which transport of continental
emissions from Asia reach the tropics by the westerlies as flow
around the eastern side of the North Pacific subtropical high.
Once air comes under the influence of the subtropical high,
general subsidence causes the air to descend as it travels to-
ward the tropics and the ITCZ. A heterogeneous airflow is not
uncommon and exists when a component of North American
emissions is also added on the eastern side of the high.

2.2. SPCZ

The SPCZ is a northwest-southeast oriented zone of con-
vergence terminating in the south central Pacific near 30°S and
130°W and tends to merge with the ITCZ near the equator at
140°E. It is maintained by the intrusions of midlatitude air

130W 110W 20w 70W 50w

masses from Australia and Antarctic during cyclogenesis to the
east of Australia colliding with the persistent easterly trades
coming across the Pacific Ocean. The portion of the SPCZ
from New Guinea to just west of Tahiti contains the more
established, persistent, and expansive cloud bands as compared
to the portion east of Tahiti. This established portion of the
SPCZ is the focus of our analyses. North of the SPCZ, easterly
flow dominates from the surface to several kilometers altitude,
above which the flow switches to westerly. South of the SPCZ,
lower and midtropospheric air flow is from the west and, at
times, exhibits a southernly component having passed over
Indonesia, New Zealand, and/or Australia.

3. Approach to Analyses

The purpose of the analyses is to examine and compare the
chemical composition of tropospheric air on the north and
south side of the ITCZ and SPCZ, respectively. Only data from
the DC-8 flights are used in the analyses. Figure 2 shows the
PEM-Tropics DC-8 flight tracks where data from circled flight
numbers are used in the analyses. Flights 4, 5, and 19 provide
data for the ITCZ analyses, and flights 15, 16, and 17 provide
data for the SPCZ analyses. Figures 3 and 4 show the DC-8
flight tracks for the ITCZ and SPCZ flights, respectively. The
flight tracks are overlaid on surface (1000 hPa level) wind-
divergence maps which are used to locate the ITCZ and SPCZ:
relative to the aircraft track. The wind-divergent maps are
computed from grid point data supplied by the European Cen-
tre for Medium-Range Weather Forecasts (ECMWF). The
locations of the ITCZ and SPCZ used in the analyses are
indicated on the figures. Flights 4 and 19 (ferry flights) crossed
the ITCZ. Flight 5 (staged from Tahiti) did not cross the
ITCZ; however, data from the northern leg are included in the
south ITCZ case. The three SPCZ flights were staged from Fiji
to cross the SPCZ and provide altitude data on each side of the
SPCZ.

Table 1 summarizes the bounds for the data groupings. Us-
ing the 1000 hPa surface wind-divergent maps and the super-
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Figure 3. ITCZ analyses: surface (1000 hPa level) wind-
divergence maps. The location of the ITCZ and SPCZ (dashed
lines) are shown on each map as well as the DC-8 flight track
(solid line). (a) Flight 4 (August 31, 1996), (b) flight 5 (Sep-
tember 5, 1996), and (c) flight 19 (October 5, 1996).
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Figure 4. SPCZ analyses: surface (1000 hPa level) wind-
divergence maps. The location of the ITCZ and SPCZ (dashed
lines) are shown on each map as well as the DC-8 flight track
(solid line). (a) Flight 15 (September 26, 1996), (b) flight 16
(September 28, 1996), and (c) flight 17 (October 1, 1996).
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PEM-Tropics SPCZ and ITCZ Case Studies (DC-8 Flights)

North Case

South Case

ITCZ Data

Flight 4 (August 31)
Flight 5 (September 3)
Flight 19 (October 5)

none

between 8°N and 15°N latitude

between 13°N and 20°N latitude

between 5°S and 5°N latitude
between 5°S and 0°S latitude
between 5°S and 8°N latitude

SPCZ Data

Flight 15 (September 26) none
Flight 16 (September 28)

Flight 17 (October 1)

north of 8°S latitude
north of 5°S latitude

south of 10°S latitude
between 15°S and 22°S latitude
between 9°S and 20°S latitude

imposed flight track (i.e., data of Figures 3 and 4), the location
of the aircraft at crossing of the ITCZ and SPCZ are deter-
mined. Using these locations, UV-DIAL [Browell et al., 1996]
remotely sensed aerosol data from the DC-8 are used to esti-
mate the extent of the ITCZ and SPCZ cloud zones which, in
turn, are taken to represent the boundaries of the ITCZ and
SPCZ after allowing for a margin of uncertainty of 1° of lati-
tude. Data north and south of the zones are binned for chem-
ical analyses. For the north ITCZ case a northern boundary
limit (each flight) of 7° north of the northern boundary of the
ITCZ is used. For the south ITCZ data a southern boundary
limit is placed at 5°S latitude. For the north SPCZ group, data
from flight 15 are excluded as that portion of the flight paral-
leled the SPCZ (see Figure 2). For the south SPCZ group, data
south of 20°S are excluded as well as 30 min of data associated
with takeoffs and landings at Fiji.

The results of the chemical analyses are given in Tables 2
and 3. Results are binned by altitude and reported as median
and quartile values (see footnotes of the tables). Gaseous spe-
cie data are reported in “per volume units” as, for example,
parts-per-trillion by volume (pptv). Only entries with 3 or more
observations are included, and missing entries are coded as
—9. Altitude binsare 0to 1,1t02,2to 4,4 to 8, 8 to 10, 10 to
12, and >12 km. For the SPCZ analyses the 0 to 1 km bin is
subdivided into 0 to 0.5 km and 0.5 to 1 km bins. The altitude
bins of 10 to 12 km and >12 km provide limited data and are
not included in the tables. Species (identified by generic and
chemical formula names) are grouped according to overall
general interest or type of compound (see table footnotes).
The second column entry of each table is a code which indi-
cates whether the north (N) or south (S) data exhibits the
higher concentration for the species. It was not necessary that
an increase occur in all altitude bins for the code to be as-
signed. In general, assignment of the code was weighted to the
altitude bins of 1-2 and 2-4 km. A blank entry in the code
column means that no definitive conclusion between the
groups are made, and thus for our purposes, specie concentra-
tions are judged to be similar. Species not included in the table
(see Hoell et al. [this issue] for a complete listing of DC-8
measurements) either (1) do not have sufficient observations
for our altitude-binned analyses, (2) are data at or near mea-
surement detection limits, or (3) do not include data for both
a north and south group. Generally, the shorter-lived (e.g.,
hours) compounds like propene and ethene fall into the lower
detection limit category. The reader is directed to Hoell et al.
[this issue] for a description of the measurement techniques
and measurement accuracies. Instrument and measurement
details are also found in companion papers which discuss spe-
cific chemical species. Discussion in the body of the paper
focus only on a few of the key species of Tables 2 and 3.

Before discussing the results, two comments are necessary.
First, the data used for the analyses are only those from the
DC-8 flights, are restricted to locations in the near vicinity of
the ITCZ and SPCZ, and represent about 10% of the DC-8
data. Larger chemical data bases can be constructed which may
be more representative of the overall chemical signature of
regional air. For example, south of the SPCZ a larger database
(particularly for the acids, peroxides, and sulfur species) can be
constructed which includes additional data from portions of
flights 6, 12, 14, and possibly 18. Companion papers [e.g.,
O’Sullivan et al., this issue; Talbot et al., this issue; Thornton et
al., this issue; Vay et al., this issue; E. Atlas et al., unpublished
manuscript, 1998; K. B. Bartlett et al., unpublished manuscript,
1998] address regional chemical issues for many chemical trac-
ers and use larger databases, including combining DC-8 and
P3-B data.

Second, while not critical to our conclusions, we cite chem-
ical ratios to provide an approximate “age” of air from emis-
sion sources. These ratios should only be used qualitatively as
it is recognized that “atmospheric processing” and “photo-
chemical age” both affect these ratios [McKeen et al., 1996],
and the two processes are not separated in the analyses. In
selecting and using chemical ratios we considered the decay
rate of various chemical ratios. For example, an emission ratio
of 10 at the source for ethyne/carbon monoxide decays to 4
(after 3 days), 1.5 (after 6 days), and <0.5 (after 10 days),
assuming ethyne and carbon monoxide half-lives are approxi-
mately 2 days and 1 month, respectively. Considering (1) the
above decays, (2) the ocean location of the sampling (removed
from immediate land sources), and (3) the information from
references [e.g., Greenberg and Zimmerman, 1984; Greenberg et
al., 1990; Singh and Zimmerman, 1992], we approximate the
photochemical lifetimes in the tropics for ethene and propene
(hours), ethyne and propane (days), and ethane and carbon
monoxide (weeks) and broadly use the ethyne/carbon monox-
ide (hereafter, ethyne/CO) ratio in units of pptv/ppbv as an
emission source “age” indicator. Ratios of about <0.5, 1, and
3 are interpreted as representative of air aged approximately
10 days, 5 to 7 days, and a few days, respectively, from an
emission source.

4. Results
4.1.

Figures 5-7 and Table 2 summarize the ITCZ chemical
results. Data in the figures are plotted at the midpoint of the
altitude bin and the boundaries of the boxes are at the lower
and upper quartile values. For clarity of presentation, south
data boxes are offset 0.25 km in altitude. Lines drawn between
the boxes are at the medians of the data; the solid line is for the

Intertropical Convergence Zone (ITCZ)
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GREGORY ET AL.: PACIFIC ITCZ AND SPCZ TROPOSPHERIC AIR

Table 3. PEM-Tropics SPCZ Comparison: North Versus South

0 to 0.5 km Altitude

0.5 to 1 km Altitude

Group Code Specie Zone  Median UQuar LQuar N Median UQuar LQuar N
1 North latitude, deg North -11 -0.5 —4.6 2355 -14 -0.1 —4.2 405
South  —21.5 -213 —21.8 729 =21 =21 ~22 134

East longitude, deg North 186.5 186.8 175 2355 186.3 187 175.1 405

South 175 175 175 729 175 175.1 175 134

Wind speed, kt (from North 13 17 11 2098 -9 -9 -9 0

DC-8) South 16 17 15 659 -9 -9 -9 0

Wind direction, deg (from  North 78 94 68 2098 -9 -9 -9 0

DC-8) South 92 96 89 659 -9 -9 -9 0

Air temperature, °C North 24 25.6 238 2355 21.1 22 20.6 405

South 19 19.2 18.8 729 15.1 15.8 14.1 134

Dew point temperature, °C  North -9 -9 -9 0 -9 -9 -9 0

(project composite) South 14.8 15.3 145 729 135 14.1 13.2 134

2 S Ozone (0O3), ppbv North 13.7 14.7 12 2355 13.7 16.3 11.2 405
South 384 38.9 38 729 397 40.2 389 134

S Carbon monoxide (CO), North 62.1 63 55.1 385 61.4 65.2 54.9 80

ppbv South 83.1 83.8 82 116 839 84.2 82.7 28

Methane (CH4), ppbv North  1704.6 1705.9 1701.1 385 17023 1705.6 1700.1 80

South 1701.1 1701.6 1700.5 116  1702.9 1703.3 1699.7 28

Carbon dioxide (CO2), North 3615 361.5 361.4 345 3615 361.5 361.2 80

ppmv South 360.8 360.8 360.7 116 3609 360.9 360.7 28

3 S Ethane (C2H6) North 271.3 300.4 2341 12 2406 274.5 229.4 7
South 403 423.1 400.4 4 4072 4185 199.8 3

Ethene (C2H4) North 33 38 25 12 3 3.8 23 7

South 3.1 33 28 4 26 3 1.3 3

S Ethyne (C2H2) North 13 153 11.1 12 154 175 10.6 7

South 93.3 95 86.4 4 93.4 98.9 41.6 3

S Propane (C3H8) North 10.9 13.2 9.6 12 12.9 134 4.9 7

South 29.7 39 25.7 4 30.6 32 14.2 3

4 S Propane/ethane, pptv/pptv  North 0.042 0.046 0.034 12 0.051 0.053 0.021 7
South 0.074 0.092 0.064 4 0.075 0.08 0.033 3

S Ethyne/CO, pptv/ppbv North 0.216 0.23 0.206 9 0.248 0.31 0.192 7

South 1.116 1.15 1.048 4 1.091 1.152 0.507 3

Ethene/CO, pptv/ppbv North 0.057 0.06 0.046 9 0.055 0.064 0.039 7

South 0.036 0.039 0.034 4 0.032 0.036 0.015 3

Ethane/CO, pptv/ppbv North 4.612 4.729 4.339 9 4.405 4.644 4177 7

South 4.9 5.1 4.8 4 4.9 49 24 3

5 CFC-22 (CH CI F2) North 120.1 123.9 117.2 12 124.1 126.8 119.7 7
South 118.2 123.5 114.5 4 117 119.1 56.5 3

CFC-12 (C CI2 F2) North 5282 529.5 524.6 12 528 529.7 522.2 7

South 526.2 5274 5257 4 5257 5272 262.1 3

CFC-11 (CCI3 F) North 266.3 268 265 12 266 267 263 7

South 264.6 267.6 264.3 4 264 265 131.3 3

CFC-113(CCI2 F North 83 835 824 12 82.7 83.2 82.3 7

CClIF2) South 82.8 83.2 82.5 4 829 83.1 41.3 3

CFC-114 (C CI F2 North 14.1 14.2 14 12 14.1 14.1 13.9 7

CCIF2) South 14.1 14.2 14 4 14.1 14.1 7 3
Tetra-chloro-ethylene North 1.2 1.3 1.2 7 1.2 1.3 1.1 4

(C2Cl4) South 1.4 1.5 1.4 4 1.4 1.4 0.6 3

S Methyl chloride (CH3 Cl)  North 547 560 535 12 557 567 545.5 7

South 570.5 578 565 4 572 573 284.5 3

6 S Nitric oxide (NO) North 1.7 1.8 1.5 15 L6 1.6 1.5 5
South 1.7 2 1.3 4 22 39 1.8 3

N Sulfur dioxide (SO2) North 56.9 84.8 54.5 6 -9 -9 -9 2

South 257 25.7 12.8 2 -9 -9 -9 0

N Dimethyl suifide (CH3 North 37 90.8 35.1 0 -9 -9 -9 2

S CH3) South 26 26.5 255 2 -9 -9 -9 0

S PAN (CH3 CO 02 NO2) North 1 1 1 7 -9 -9 -9 1

South -9 -9 -9 2 -9 -9 -9 0

N Methyl nitrate (CH3 North 335 40.5 25.7 12 26.1 29.5 229 7

ONO2) South 7.4 8.2 6.9 4 6.9 7.3 35 3

N Ethyl nitrate (C2H5 North 1.7 14.6 7.9 12 7.8 10.3 6.7 7

ONO2) South 23 25 2.1 4 22 23 1 3

7 S Nitric acid (HNO3) North 14 15.5 10 1 -9 -9 -9 2
South 24 255 12 3 -9 -9 -9 1

S Formic acid (HCOOH) North 14 15.5 11 11 -9 -9 -9 2

South 32 37 15.5 3 -9 -9 -9 1

S Acetic acid (CH3 COOH)  North 13 IS 10.5 11 -9 -9 -9 2

South 27 325 12.5 3 -9 -9 -9 1
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1 to 2 km Altitude 2 to 4 km Altitude 4 to 8 km Altitude 8 to 10 km Altitude

Median UQuar LQuar N Median UQuar LQuar N Median UQuar LQuar N Median UQuar LQuar N
—5.8 -4 —6.4 1695 -33 -2.2 -39 3058 -4 -1.9 —4.2 2250 —4.5 =37 -6 3796
-16.1 -16 =21 399 —-182 -163 —21.3 1905 —-173 —-159 —-19.1 12691 —-149 -136 —161 14381
175 175.2 175 1695 185.3 185.9 175 3058 184.7 186.1 175.2 2250 175 184.9 175 3796
1783 1784 175.2 399 176.9 178.1 1752 1905 1764 178.1 1753 12691 175.6 179.3 174.8 14381
22 22 20 899 9 23 8 1557 -9 -9 -9 0 25 32 23 3185
-9 -9 -9 0 -9 -9 -9 0o 17 20 13 6275 33 41 25 10634
94 96 92 899 65 81 58 1557 -9 -9 -9 0 328 337 306 3185
-9 -9 -9 0 -9 -9 -9 0 238 257 108 6275 274 284 228.5 10634
17.5 18.2 173 1695 10.6 11 10.1 3057 -5.7 -1 -12.8 2250 —-326 —-324 337 3796
146 15.1 13.8 400 6.9 10 48 1905 —-11.1 —-25 -—125 12691 —-353 —-329 379 14381
14.6 15 13.4 246 -19 0.9 -5.1 466 —322 271 -36.3 1626 —52.1 —48.5 -52.2 3796
-4.9 0.6 -7.8 400 —287 —-235 —329 1905 —415 -366 —448 12663 —60.8 559 —674 14381
11.2 14.1 106 1695 20.8 26.1 162 3058 309 34.6 26.8 2250 303 379 28.3 3796
48 52.8 422 399 634 69.9 579 1905 69.1 80.2 545 12691 45.1 68 395 11118
533 59.7 52.6 308 59 65 54 546 55 59.3 53.3 435 60 60.7 58.6 594
88.9 104.1 79.8 74 91.2 93.7 87.1 322 844 924 73.2 2241  68.1 74.6 66.4 2004
1700.6 1702.7 1699.3 308 17059 17119 1703 546 17078 1712.1  1705.1 435 1718 1721.1  1716.2 594
1704.3 1706.4 1701.5 74 1709.8 17126 17079 297 17109 17194 1706.7 1746 17173 17211 1716.2 1290
361.5 361.5 361 266 360.9 361.3 360.7 546 360.7 361.1 360.5 435 360.7 360.9 360.4 555
3614 361.6 361 74 361.4 361.6 361.1 322 361.1 361.4 361 2067 360.8 361 360.7 1911
2252 2709 219.5 14 282.7 368.5 2424 26 268.3 291.5 247.9 28 292.7 3153 275.2 15
451 536.4 351.9 4 486.7 525 469.4 24 491.7 548.9 3924 89 3439 410.4 299.9 42
2.3 2.5 2.2 4 2.3 2.7 2.1 6 2.2 2.3 2.2 9 -9 -9 -9 0
34 4 2.1 4 2.3 2.7 2.2 12 2.5 2.7 2.3 63 2.6 2.8 22 23
11.7 14.3 10.4 14 183 20.5 12 26 215 23.2 18.1 28 276 30.8 22 15
1356 2172 55.5 4 102.8 115.3 879 25 977 118.2 77.6 91 748 81.3 53.5 42
10.8 124 7.2 14 131 16.9 8.9 26 129 16 10.1 28 15 18.8 11.9 15
29.8 41.2 13.3 4 30 36.5 24.7 25 316 35.6 23 91 27 30.5 233 42
0.036 0.049 0.031 14 0.041 0.052 0032 26 0.047 0.059 0.035 28 0.053 0.061 0.042 15
0.066 0.077 0.038 4 0.063 0.072 0.052 20 0.063 0.071 0.054 89 0.075 0.084 0.065 42
0.222 0.241 0.194 14 0.294 0.326 0224 25 0.371 0.42 0.338 27 0.442 0.504 0.379 14
1.409 1.846 0.743 4 1.172 1.256 1.005 21 1.139 1.264 1.006 77 1.038 1.102 0.826 38
0.043 0.047 0.04 4 0.039 0.046 0.032 6 0.042 0.049 0.04 8 -9 -9 -9 0
0.032 0.043 0.028 4 0.027 0.03 0024 12 0.028 0.031 0.025 51 0.034 0.038 0.029 20
4.225 4.617 4128 14 4.839 5.286 442 25 4.981 5.165 4.674 27 5.083 5.213 4.76 14
4.7 4.8 4.6 4 53 5.6 5.1 20 5.6 6.1 49 75 5 5.5 42 38
1214 1241 118.8 14 1214 123.6 119.4 26 1184 120.7 1159 28 1194 121.6 116.6 15
1202 1235 118.2 4 1185 1204 116.6 25 1184 120.7 116.8 91 1171 119.6 115.6 42
527.5 528 524.8 14 5259 528.4 521.5 26 524 5273 522.3 28 5255 526.2 523.8 15
530.1 5325 525.8 4 525 525.8 523.9 25 5246 526.7 522.5 90 521.5 523.8 519.3 42
266.8 267.7 263.9 14 266 267.8 263.8 26 264.8 265.8 263.8 28 264.8 265.4 262.2 15
264.2 2664 262.2 4 264.7 265.8 263.3 25 264.2 265.8 262.8 90 263.3 264.5 261.9 42
82.9 834 82.3 14 834 83.6 829 26 826 82.8 824 28 824 82.6 819 15
83.4 84 83.1 4 826 82.8 82.3 25 827 834 823 90 825 82.9 82 42
14.1 14.1 13.9 14 141 14.2 14 26 14 141 13.9 28 14 14 13.9 15
14.1 143 13.9 4 14 14.1 13.9 25 14 14.1 13.9 90 139 14 13.8 42
1.1 1.3 1 11 1.3 14 1.1 19 1.3 14 1.1 23 1.3 14 1.2 15
13 1.8 1.2 4 1.5 1.6 1.4 25 1.3 1.4 1.2 91 1.2 1.3 1.1 38
556.5 560.5 540 14 549 564.5 535 26 553 568 538 28 561 571 550 15
576.5 592 566 4 574 580 564.5 25 579 591 570 91 567 573 5575 42
1.8 3.1 1.7 14 34 42 2.7 53 8.3 10.9 7.1 113 26.7 372 21.8 430
18.2 21.6 134 26 128 149 11.2 72 536 67.6 35.2 984 111 149.3 86.3 2797
44.1 47.8 15.6 3 208 26.5 16.4 10 -9 -9 -9 2 108 124 9.4 7
-9 -9 -9 1 115 16.4 10 4 135 15.9 10 25 189 23.8 14.6 20
35.2 42.1 16 3 4.9 114 2.2 8 -9 -9 -9 0 -9 -9 -9 1
-9 -9 -9 0 -9 -9 -9 80 -9 -9 -9 0 4.8 7.5 29 4
1 1 1 5 1.5 1.5 1.3 9 146 15.7 113 6 216 27.6 173 7
-9 -9 -9 1 1021 200.9 49.7 4 1274 157.6 87.1 33 572 719 38.8 26
20 22.1 17.2 14 134 15.6 9.1 26 79 9.5 7.2 28 8.8 9.6 71 15
4.7 4.9 3.5 4 3.7 4.1 33 25 3.6 4.3 2.9 91 35 4.9 32 42
52 6.2 4.3 14 3 4 1.9 26 1.5 2 13 28 1.7 1.9 1.3 15
1.6 2 1.1 4 1.3 1.5 1.2 25 1.3 1.5 0.9 91 0.9 1.3 0.7 42
46.5 49 40 6 72 85 46 12 73 80 55 5 63 66 54 10
-9 -9 -9 1 281 282 175 5 215 259 173 35 83 116.5 62 25
48 53 29.5 6 39 51 30 12 46 46.5 35 5 415 47 375 10
-9 -9 -9 1 235 247.5 199.5 5 1875 240 105 34 74 117 58 24
33 45.5 26.5 6 375 53 27 12 54 55 40 5 615 73 455 10
-9 -9 -9 1 107 109 92.5 5 94 1455 46.5 34 63 120 27 24
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GREGORY ET AL.: PACIFIC ITCZ AND SPCZ TROPOSPHERIC AIR

Table 3. (continued)
0 to 0.5 km Altitude 0.5 to 1 km Altitude
Group Code Specie Zone  Median UQuar LQuar N Median  UQuar LQuar N
S Hydrogen peroxide (H202) North  1404.5 1478.5 1297 14 1659 1673 1407 4
South 1425 1461.5 1379.5 6 -9 -9 -9 1
N Methyl peroxide (CH3 OOH) North  1055.5 1129 958 14 1158.5 1334 1027 4
South 7115 745 675 6 -9 -9 -9 1
S Hydrogen peroxide/Methyl North 14 1.4 13 14 1.4 14 13 4
peroxide, pptv/pptv South 2 2 1.8 6 -9 -9 -9 0
8 S Ultrafine aerosol (0.004 to 1 North 412 471 n 236 372 413 324 41
micron diameter), no./cm> South 657 680 638 73 668 687 609 14
S Fine aerosol (0.015 to 1 North 285 327 256 166 266 291 239 41
micron diameter), no./cm> South 400 409 394 73 420 424 402 14
S Heated fine aerosol (0.015 to  North 84.9 89.1 73.9 166 68.4 79 56 41
1 micron diameter), no/em®>  South 232 242 217 73 235 251 204 14
S Ratio of fine aerosol (heated/  North 0.28 0.299 0.267 166 0.266 0.319 0.196 41
unheated) (heated to 250°C)  South 0.584 0.604 0.519 73 0.548 0.62 0484 14
9 S Methyl bromide (CH3 Br) North 84 85 83 12 8.6 8.8 83 15
South 8.8 89 84 4 8.8 8.9 4.4 3
Methyl iodide (CH3 I) North 0.4 04 04 12 0.3 0.4 0.3 7
South 0.6 0.7 0.6 4 0.7 0.7 0.3 3
Chloroform (CH CI3) North 53 5.6 4.8 12 5 5.1 4.8 7
South 6.6 6.6 6.3 4 6.8 6.8 3.1 3
Methyl chloroform (CH3 North 84.6 84.8 83.8 12 853 85.5 84 7
C CI3) South 854 85.7 84.7 4 85.2 85.6 42.1 3
Bromoform (CH Br3) North 2 24 14 12 1.5 1.6 13 7
South 1 1.1 1 4 0.9 1 0.4 3

Values are in pptv unless noted. Definitions: median, midpoint of the observations (50% of the observations are below the median, and 50%
are above); LQuar, 25% of the observations are below this value; UQuar, 25% of the observations are above this value; N, number of
independent observations. Group definitions: 1, meteorological and location parameters; 2, overall general interest species; 3, major hydrocarbon
species; 4, hydrocarbon ratios that provide an indicator as to the age of the emissions; 5, halocarbons useful for identifying urban or biomass
burning emissions; 6, sulfur, nitrates, and other species of photochemical interest; 7, acids and peroxides; 8, aerosols; 9, other halocarbons.

Missing/invalid data code is —9.

north of ITCZ data, and the dashed line is for the south of the
ITCZ data.

Figure 5 represents the major species associated with com-
bustion and plots ozone, carbon monoxide, carbon dioxide,
ethane, methane, and ethyne. Figure 6 plots tetra-chloro-
ethylene (C,Cl,), methyl chloride (CH;Cl), the ethyne/CO ra-
tio, and the fine aerosol ratio (0.015 to 1 micron diameter
aerosols; ratio equal to nonvolatiles at 250°C/total). Tetra-
chloro-ethylene and methyl chloride are relatively long-lived
traces of urban and biomass burning emissions, respectively
[Blake et al., 1996, 1997, Rasmussen et al., 1980]. The fine
aerosol ratio is particularly sensitive to continental-source air
showing an increase in air enriched in soot, nitrates, fine
crustal materials, and other nonvolatile aerosols. However
within the marine boundary layer, interpretation of the ratio is
more difficult as a result of oceanic processes. Figure 7 repre-
sents species which show a boundary layer source for air south
of the ITCZ, namely, dimethyl sulfide, methyl nitrate, and
ethyl nitrate.

The ITCZ data suggest that the chemical composition of air
north and south are different, particularly at the lower alti-
tudes. Air north of the ITCZ shows evidence of combustion
and urban emissions common to northern hemisphere air,
while south of the ITCZ the air is relatively clean and of more
southern hemisphere composition (e.g., carbon monoxide at 50
ppbv). Specifically and for the north of the ITCZ data, carbon
monoxide, methane, ethane, ethyne, the ethyne/CO ratio,
CFC-22, CFC-12, and C,Cl, are mostly elevated (compared to
south), while carbon dioxide (large continental uptake in the
northern hemisphere) is lower. As discussed by Vay et al. [this
issue], the Pacific “warm pool” is a source of carbon dioxide.

Their data place the “warm pool” between 8°N and 8.5°S with
a zone of intensity from 6.5°N to 1°S. This colocates the “warm
pool” with our south of the ITCZ data and provides additional
support for elevated carbon dioxide south of the ITCZ.

The northern hemisphere signature for the north of the
ITCZ data is, however, modest. For example, north of the
ITCZ (2- to 4-km bin) carbon monoxide is 62 ppbv (51 ppbv
south), ethyne is 25 pptv (19), and CFC-22 is 122 pptv (116).
This modest increase is not surprising as the majority of back
trajectories indicate that the air sampled north or south of the
ITCZ is basically outflow from either the North or South
Pacific subtropical high (discussed with Figure 1) and, as such,
air was over ocean for many days prior to measurement. The
“aged” status of the air is further supported by the chemical
data as (1) the short-lived hydrocarbons like ethene or propene
are at detection limits in both groups (thus, not in Table 2), (2)
the ethyne/CO ratio of <0.5 suggests well-aged air, and (3) the
fine aerosol ratio is about 0.1 or less for altitudes above the
marine boundary layer, indicating a modest continental com-
ponent.

For the most part, concentration differences between north
and south of the ITCZ air are nonexistent at higher altitudes.
For example at 8 to 10 km, carbon monoxide is 57.9 (north)
versus 58.1 ppbv (south); ethyne, 30.0 versus 30.8 pptv;
ethyne/CO ratio, 0.527 versus 0.533; and CFC-22, 120.2 versus
122.3 pptv. These observations suggest that the ITCZ is not a
barrier to transport at higher altitude. This is supported by the
back trajectory data of Figure 8. Low and midaltitude trajec-
tories (Figures 8b and 8c) indicate that air sampled either
north or south of the ITCZ remained north or south of the
ITCZ prior to measurement. However, the higher-altitude tra-
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1 to 2 km Altitude 2 to 4 km Altitude 4 to 8 km Altitude 8 to 10 km Altitude

Median UQuar LQuar N Median UQuar LQuar N Median UQuar LQuar N Median UQuar LQuar N
1685 1897 1610 13 1456 1964.5 1381.5 19 685 817 537 17 239 262 194 27
2517 25725 586.5 3 1209 1335 799 15 502 697 272 79 142 261 67 57
1144 11725 1075 13 881 990.5 759 19 3395 482 227 16 82 111.5 62.5 21
738 816.5 362.5 3 4045 457.5 274.5 14 1875 240 82 76 84 98.5 63 43
1.5 1.6 1.5 13 1.9 2.1 1.6 19 22 24 19 17 2.5 2.8 2.1 21
3.1 35 2 4 31 3.6 2.7 14 29 38 29 76 1.8 2.7 0.8 43
344 485 322 168 615 744 532 306 1630 2410 1020 224 3290 4030 2380 379
918 1150 427 38 545 600 473 191 1320 2440 734 1271 1980 8160 1630 1111
233 319 224 168 422 517 351 281 1150 1580 769 224 1980 2470 1420 379
586 735 271 38 360 390 307 191 681 1010 485 1031 1200 2110 1050 981
37 40.9 30 168 183 232 144 281 262 328 20.3 224 935 288 66.7 379
549 752 191 38 285 335 259 136 368 435 301 750 407 563 253 900
0.144 0.172 0.103 168 0.045 0.059 0.032 281 0.025 0.038 0.018 224 0.042 0.194 0.027 379
0.891 1.02 0.673 38 0.879 0.919 0.798 136 0.52 0.9 0.412 750 0.359 0.498 0.091 900
8.5 8.6 8.4 14 85 8.6 84 26 8.6 8.8 8.5 28 8.7 8.9 8.6 15
9.1 9.3 8.4 4 8.9 9 8.7 25 9 9.3 8.7 91 8.7 8.9 8.5 42
0.2 0.3 0.1 14 0.1 0.1 0.1 26 0.1 0.1 0.1 23 0.1 0.1 0.1 13
0.2 0.2 0.1 4 0.1 0.1 0.1 21 0.1 0.2 0.1 55 0.1 0.1 0.1 28
5.1 5.2 49 14 53 54 5.1 26 5.6 5.8 5.4 28 59 6 5.8 15
6.2 7 6 4 5.8 6 5.6 25 58 6 5.7 91 6 6 5.8 41
84.3 85 83.9 14 853 85.6 84.4 26 845 85 83.8 28 84 84.3 82.9 15
85.6 86.3 85.2 4 845 84.9 84.1 25 843 85 83.8 90 834 83.9 82.6 41
1 12 0.9 14 0.7 0.8 0.6 26 0.5 0.6 0.5 28 04 0.5 0.4 15
0.6 0.6 0.4 4 0.5 0.6 04 25 0.5 0.7 0.3 91 0.3 0.6 0.2 42

jectories of Figure 8a show evidence of cross-ITCZ flow
whether the source of the air was from the west or east.

A noteworthy observation in the south of the ITCZ data is
the abundance of dimethyl sulfide, methyl nitrate, and ethyl
nitrate near the ocean surface. These species have a sizeable
oceanic source within the warm southern hemisphere tropical
ocean [Thornton et al., this issue; Atlas et al., 1993; this issue].
The lower-altitude increases in sulfur dioxide (see Table A-1)
which tend to track the dimethyl sulfide enhancements south of
the ITCZ are the result of dimethyl sulfide to sulfur dioxide
conversion [Thornton et al., this issue].

The acids and peroxides of group 7 are, for the most part,
elevated in the north of the ITCZ air as compared to south.
However, these species, their concentrations and ratios, are
highly dependent upon the degree of atmospheric processing
which has occurred as the result of mixing, rain out, cloud
processing, etc. Since air from both sides of the ITCZ was,
prior to measurement, over the ocean for many days and in
regions of intense atmospheric processing and sunlight, it is
likely that these processes have influenced the results. The
analyses do not account for these processes. It is noted that
Talbot et al. [this issue], in their binned analyses, show similar
acid results. (Compare our north of the ITCZ acid data with
Talbot’s data at 0° to 15°N, 120 to 170°W.) O’Sullivan et al. [this
issue] and D. Cohan et al. (Sources and lifetimes of peroxides
in the tropical upper troposphere, submitted to Geophysical
Research Letters, 1997, hereinafter referred to as Cohan et al.,
submitted manuscript, 1997) discuss the sources and lifetimes
of the peroxides within the troposphere.

4.2, South Pacific Convergence Zone (SPCZ)

Table 3 and Figures 9 through 11 summarize the SPCZ
chemical results. Formats are identical to those presented pre-
viously with the exception that the 0 to 1 km altitude bin has

been subdivided into 0 to 0.5 and 0.5 to 1 km bins. The data
show that the chemical composition of air north and south of
the SPCZ is substantially different, especially at altitudes be-
low 4 km. Air south of the SPCZ is strongly influenced by
combustion sources, while air north of the SPCZ is relatively
clean. The 2 to 4 km median results from Table 3 of (1)
elevated levels of ozone (63 ppbv for air south of the SPCZ
compared to 21 ppbv north), carbon monoxide (91 compared
to 59 ppbv), ethane (486 compared to 283 pptv), and ethyne
(103 compared to 18 pptv); (2) little or no increase between
north and south values for the shorter-lived hydrocarbons (e.g.,
ethene at 2.3 pptv); and (3) a south ethyne/CO ratio of 1 to 1.5
suggest that the air, at the time of measurement, is of the order
of several days to a week in transient time from combustion
sources. A combustion source for air south of the SPCZ is not
surprising based upon PEM-Tropics field observations,
namely, all flights south of the SPCZ, most flights staged from
Tahiti, and many from Easter Island encountered numerous
atmospheric layers and plumes at altitudes of 2 to 8 km. These
layers were enriched in ozone, carbon monoxide, and various
combustion hydrocarbons with hydrocarbon ratios indicative
of plume ages that ranged from several days to longer than a
week [see Vay et al., this issue; J. Logan et al., unpublished
manuscript, 1998].

Comparison of the halocarbon data for air north and south
of the SPCZ provides information as to the source of combus-
tion. Note that C,Cl, (Figure 10) and the other urban halo-
carbons of group 5 show little differences north and south of
the SPCZ, while CH,CI, our biomass burning tracer, exhibits
higher concentrations south of the SPCZ (574 compared to
549 pptv). These findings (as well as others) support a biomass
burning source as opposed to urban emissions. Figure 12, in
the same format as Figure 8, represents trajectories for air
sampled north and south of the SPCZ and indicates the gen
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Figure 6. ITCZ chemical data for C,Cl, (an urban tracer), CH,Cl (a biomass burning tracer), ethyne/CO
ratio (an emission age indicator), and fine aerosol ratio (nonvolatile at 250°C/total). The format of the figure
is the same as Figure 5.

Altitude, km Altitude, km
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Ethyl Nitrate, pptv

Figure 7. ITCZ chemical data for species which indicate an oceanic source south of the ITCZ. The format
of the figure is the same as Figure 5.
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Panel a: Altitude > 10 km
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Figure 8. Back trajectories of air sampled north and south of the ITCZ. Arrows within each panel indicate
the major pathways of tropospheric air into the sampling region. Air was sampled at altitudes (a) >10 km, (b)
4 to 8 km, and (c) <2 km. Each panel includes approximately 40 to 50 trajectories and includes only trajectory
data which correspond to the time periods of the data of Table 2. '



5691

-G 21n1 se owes 9y) ST 21Ny
() JO 1RWIOY YT, -PUAYID PUE ‘QUBYIOUT ‘QURL[)S ‘OPIXOIP UOGIED ‘OPIXOUOU UOQIED QUOZO IO] BIEP [EdIWYD ZDJS 6 an3iy

GREGORY ET AL.: PACIFIC ITCZ AND SPCZ TROPOSPHERIC AIR

mdd ‘sukyia ndd ‘aueyiz aqdd ‘eueyion
00z 0st [ 13 0s 0 009 002 SLLL 0sLi szl) 00LL SL91
- 0 0 0
a
Iﬁ
\ z 4 14
]
[}
t v 14 v
1)
1
% 9 ° °
\
\
\ 8 ] ]
=
ot ok [ 3
uny ‘epniivy usy ‘epnyv wy ‘epmy
Awdd 'epixojg uoqed aqdd “epjxouopy uoqsed aqdd ‘euozo
v9e [4: ) 09¢ 85¢e 1 143 001 SL 0s -4 00} SL 0s 14 0
0 0 » 0
1
» -®
—_—t— e
[ N z L7 z
== e
)
v \ ¥ N v
‘ ]
M [
9 # 9 — g
. ~
- ~
N ~ ~
8 AN 8 S 8
=2 i
D13 ol ol
unj ‘epniiy wy ‘apniiy wy ‘epmivy



5692

Altitude, km

10

Altltude, km

10

Ratio Ethyne/CO, ppiv/ppbv

GREGORY ET AL.: PACIFIC ITCZ AND SPCZ TROPOSPHERIC AIR

Altitude, km
10
8 *
A}
A
s Ay
=
1
[
4 [}
1
2 } I
==
o —m
500 525 550 575 600
CHaC, pptv
ARtitude, km
10

0 05 1 15 2
Fine Aerosol Ratio (heated/Unheated)

Figure 10. SPCZ chemical data for C,Cl, (an urban tracer), CH;Cl (a biomass burning tracer), ethyne/CO
ratio (an emission age indicator), and fine aerosol ratio (nonvolatile at 250°C/total). The format of the figure

is the same as Figure 5.

eral location of the biomass burning. For the south of the
SPCZ air and at altitudes above the marine boundary layer,
most trajectories (Figures 12b and 12c¢) indicate westerly air
flow with passage over Australia (some Indonesia) several days
prior to sampling. When trajectories are extended beyond Aus-
tralia, in some cases the air passed over Africa 7 to 10 days
earlier (H. E. Fuelberg, private communication, 1998). Evi-
dence of biomass burning during this time of year and in the
regions of Australia, Indonesia, and Africa is well documented
from satellite databases [e.g., Justice et al., 1996].

The gradients in trace species across the SPCZ are sizeable
as opposed to the modest gains observed across the ITCZ. This
is attributed to the substantially different types (and ages) of
air south and north of the SPCZ. North of the SPCZ air is aged
and highly processed, having been over the ocean for many
days (not that dissimilar to south ITCZ air, sce next section);
south of the SPCZ air is relatively fresh (several days), direct
outflow from continental and biomass burning sources. How-
ever, and as was seen with the ITCZ results, chemical signature
differences between north and south SPCZ air tend to de-
crease at higher altitude (e.g., see Table 3, 8- to 10-km altitude,
and ethyne and the ethyne/CO ratio). Similarly to the ITCZ,
high altitude trajectories (Figure 12a) show evidence of cross-
SPCZ air flow, mainly from south to north, while the lower
altitude trajectories (Figures 12b and 12c¢) show little evidence
of cross-SPCZ flow. The indication of cross-SPCZ flow and the
reduction of contrast in the chemical signatures at the higher
altitudes indicate that the effectiveness of the SPCZ as a bar-

tier to transport decreases at the higher altitudes. When using
a different altitude-binning scheme for the data between 4 and
8 km altitude, results suggest that chemical signature differ-
ences begin to diminish as altitudes begin to approach 5 or 6
km.

The aerosol data above 2 km altitude are particularly inter-
esting. As expected based on the above discussions, nonvolatile
(heated to 250°C) fine aerosol number densities for air mea-
sured south of the SPCZ are considerably larger then values
measured in air north of the SPCZ. However, north of the
SPCZ, total fine (unheated) and ultrafine (0.004 to 1 micron
diameter) aerosol number densities are the larger. We account
for this observation by suggesting that air measured north of
the SPCZ, having been confined for many days to an equatorial
region bounded by the SPCZ and ITCZ and having been
processed via clouds, contains a sizeable fraction of aqueous
compounds. This observation is further supported in noting
that the ratio of heated to unheated fine aerosol for air north
of the SPCZ (Figure 10, above 2 km) shows that 95% of the
aerosols are volatile at 250°C. Air measured south of the SPCZ
indicates that less than 50% of the fine aerosol are volatile.
Also important is a source of new-growth aerosols (ultrafine)
for air north of the ITCZ, the result of the transport of oceanic
emissions aloft and subsequent in situ production of aerosols
via heterogenous processes. As indicated in Table 3 and Figure
11, there is an abundance of dimethyl sulfide, methyl nitrate,
and ethyl nitrate in the marine boundary layer for air measured
north of the SPCZ.
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Figure 11.
of the figure is the same as Figure 5.

4.3. South ITCZ Versus North SPCZ Air

Before concluding our discussions we briefly compare the
chemical signatures of air measured south of the ITCZ and
north of the SPCZ. From (1) the pictorial of Figure 1, (2)
meteorological discussions, (3) the chemical data which indi-
cate that both the ITCZ and SPCZ are effective transport
barriers at low to midtropospheric altitudes, and (4) the con-
sideration that the region between the two zones have similar
oceanic sources for dimethyl sulfide, methyl nitrate, and ethyl
nitrate as well as similar photochemical tendencies; the chem-
ical signatures of air south of the ITCZ and north of the SPCZ
are expected to be similar. Table 4, constructed from Tables 2
and 3, compare median values for some of the major species.
Noting that both data sets include measurements for only 3
days and the longitude of the measurements are different
(ITCZ, 138° to 155°W and SPCZ, 160°E to 175°W), we surmise
that the air south of the ITCZ and north of the SPCZ are of
similar chemical signature. Small differences in the chemical
signatures most likely refiect differences in the “age” of the air
and the amount of atmospheric processing as opposed to sig-
nificantly different source/sink histories. Our analyses suggests
that air south of the ITCZ and north of the SPCZ can be
combined into a single data set and be representative of air
between the ITCZ and SPCZ.

5. Concluding Remarks

We have examined PEM-Tropics DC-8 chemical data ob-
tained in the near vicinity of the Intertropical Convergence
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SPCZ chemical data for species which indicate an oceanic source north of the SPCZ. The format

Zone (ITCZ) and the South Pacific Convergence Zone
(SPCZ). The analyses show that air north and south of the
convergent zones have different chemical signatures and the
signatures are reflective of the source regions and transport
histories of the air. Air north of the ITCZ shows a modest
urban/industrialized signature compared to air south of the
ITCZ. The chemical signature of air south of the SPCZ is
dominated by combustion emissions from biomass burning,
while air north of the SPCZ is relatively clean and of similar
composition to ITCZ south air. Chemical signature differences
of air north and south of the zones are most pronounced at the
altitudes below 5 km and, as such, show that at these altitudes
the ITCZ and SPCZ are effective barriers to the transport of
tropospheric air. At higher altitudes, chemical signatures be-
come less dissimilar. For example, air sampled at 8- to 10-km
altitude north and south of the zones have similar chemical
signatures. Back trajectories for air sampled at the higher al-
titudes show cross-zonal flow; whereas, at altitudes below
about 5 km, little cross-zonal flow is observed.

Specifically for the ITCZ and for air sampled at 2- to 4-km
altitude, north of the ITCZ carbon monoxide is 61 ppbv (52
ppbv south), methane is 1726 ppbv (1707), ethyne is 25 pptv
(20), and CFC-22 (urban source) is 122 pptv (116). The modest
enhancements are attributed to the age of the urban/
industrialized emissions and extensive dilution during trans-
port. Back trajectory analyses and the chemical data are con-
sistent in identifying north of the ITCZ air as “aged outflow”
from the North Pacific Subtropical High and south of the
ITCZ air as outflow from the South Pacific Subtropical High.



5694 GREGORY ET AL.: PACIFIC ITCZ AND SPCZ TROPOSPHERIC AIR

Panel a: Altitude > 10 km

40N

20N

208 |-

408 | =

e T
100E  120E 140E 160E 180E 160W 140W 120W 100W 80W  60W 4OW

Panel b: Altitude 4 to 8 km

40N

20N

208

408

608 b ool
100E 120E 140E 160E 180E 160W 140W 120W 100W 80W  60W 40W

Panel ¢c: ARtitude <2 km

40N

20N

208

40S

100E 120E 140E 160E 180E 160W 140W 120W 100W 80W 60W 40W

Figure 12. Back trajectories air sampled north and south of the SPCZ. Arrows within each panel indicate
the major pathways of tropospheric air into the sampling region. Air was sampled at altitudes (a) >10 km, (b)
4 to 8 km, and (c) <2 km. Each panel includes approximately 40 to 50 trajectories and includes only trajectory
data which correspond to the time periods of the data of Table 2.
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Table 4. Comparison of ITCZ South and SPCZ North Cases
2 to 4 km Altitude 4 to 8 km Altitude
Specie ITCZ SPCZ ITCZ SPCZ
Ozone, ppbv 31.6 20.8 377 30.9
Carbon monoxide, ppbv 51.6 59 52.1 55
Methane, ppbv 1707.5 1705.9 1717.3 1707.8
Carbon dioxide, ppmv 361.1 360.9 361.1 360.7
Ethane 3575 282.7 332.1 268.3
Ethyne 19.2 183 25.7 215
Ethyne/CO, pptv/ppbv 0.324 0.294 0474 0.371
Tetra-chloro-ethylene 1.4 1.3 14 1.3
Methyl chloride 556 549 561 553
Nitric acid 51 72 85 73
Formic acid 19.5 39 36 46
Acetic acid 17 375 40 54
Hydrogen peroxide 1244.5 1456 624 685
Methyl peroxide 768.5 881 246 3395
Ratio heated to unheated fine aerosol 0.048 0.045 0.04 0.025
Methyl nitrate 7.8 134 9.2 79
Ethyl nitrate 1.5 3 19 1.5
Values are in pptv unless noted.

Marine boundary layer air sampled south of the ITCZ show References

enhancements of dimethyl sulfide, methyl nitrate, and ethyl
nitrate and are consistent with known production regions
within the warm tropical South Pacific Ocean.

For the South Pacific Convergence Zone and at 2- to 4-km
altitude, south of the SPCZ ozone is 63 ppbv (21 ppbv north),
carbon monoxide is 91 ppbv (59), ethane is 489 pptv (283),
ethyne is 103 pptv (18), and CH;Cl (a biomass burning tracer)
is 574 pptv (549). The magnitude of these chemical differences
show the SPCZ to be a significant barrier to tropospheric
transport. Urban and industrialized tracers like C,Cl, and the
CFCs show no or little enhancement in the south SPCZ air.
Enhancements of the short-lived hydrocarbons (e.g., ethene,
propene) are also not observed, or are at modest levels, indi-
cating that the biomass burning emissions are “aged” several
days. Trajectory analyses and the chemical data are consistent
with transport times of several days to a week from biomass
burning regions in Australia, New Zealand, Indonesia, and to
a lesser degree from as far as Africa. Air sampled north of the
SPCZ is relatively clean and at the low altitudes and within the
marine boundary layer show enhancements in dimethyl sulfide,
methyl nitrate, and ethyl nitrate. A comparison of the air
sampled south of the ITCZ and north of the SPCZ suggests
their chemical signatures are similar and can be combined to
represent air between the ITCZ and SPCZ.
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