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COMPENDIUM OF NASA DATA BASE FOR THE
GLOBAL TROPOSPHERIC EXPERIMENT'S
TRANSPORT AND CHEMICAL EVOLUTION OVER THE PACIFIC
(TRACE-P), VOLUME 2: P-3B

By Mary M. Kleb and A. Donald Scott, Jr.
Langley Research Center

SUMMARY

This report provides a compendium of NASA aircraft data that are available from
NASA's Global Tropospheric Experiment's (GTE) Transport and Chemical Evolution
over the Pacific (TRACE-P) Mission conducted from late February through early April
2001 in the western Pacific. The broad goal of TRACE-P was to characterize the transit
and evolution of the Asian outflow over the western Pacific. It provided the scientific
community an opportunity to investigate the impact of the rapid industrialization in Asia
and compare the current conditions with those observed during the Pacific Exploratory
Missions in the western Pacific (PEM-West missions), A in 1991 and B in 1994.
Conducted from February 24 through April 10, 2001, TRACE-P integrated airborne,
satellite- and ground-based observations, as well as forecasts from aerosol and chemistry
models. PEM-West A (fall 1991) and PEM-West B (early spring 1994) examined the
impact of natural and human activities on the chemistry of the troposphere over the
northwestern Pacific from 10°N to 50°N. TRACE-P was conducted in early spring when
there was strong continental outflow, as was the case with PEM-West B. The two main
operational bases were Hong Kong and Yokota Air Force Base in Fussa, Japan.
Additional operational sites included Okinawa; Kona, Hawaii; and Guam. The transit

sites were Palmdale, California; Wake Island; and Midway Island.

TRACE-P was conducted as part of the National Aeronautics and Space Administration's

(NASA) Global Tropospheric Experiment (GTE). The GTE has been an ongoing



element of the Tropospheric Chemistry Program, a Research and Analysis (R&A)
program within the Science Division of NASA's Office for Earth Science Enterprise.
The major thrust of GTE has been to utilize NASA's DC-8 and P-3B aircraft to carry
multi-instrument payloads into regions of the global troposphere where natural and/or
human impacts are believed to be particularly significant in effecting chemical
composition changes and/or where the troposphere is still relatively unaffected. This was
the case with TRACE-P as well, however in addition, data from satellites, ground—based
stations, and chemistry and aerosol models were integrated and comprised an important

aspect of the mission in the planning, execution and analysis of results.

The format of this compendium utilizes data plots (time series and altitude profiles) of
selected data acquired aboard the NASA/Dryden DC-8 (vol. 1) and NASA/Wallops P-3B
(vol. 2) aircraft during TRACE-P. The purpose of this document is to provide a
representation of aircraft data that are available in archived format via NASA Langley's
Atmospheric Sciences Data Center (ASDC) and through the GTE Project Office archive.
The data format is not intended to support original research/analyses, but to assist the
reader in identifying data that are of interest. This compendium is for only the NASA
aircraft data. The ASDC archived databases includes numerous supporting data
including meteorological observations/products, results from surface studies, satellite

observations, and data from ozonesonde and FTIR stations.



INTRODUCTION

The goal of the NASA Tropospheric Chemistry Program is to develop an understanding
of the chemical cycles that control the composition of the troposphere and to assess the
susceptibility of the global atmosphere to chemical change. A major component of the
NASA program has been the Global Tropospheric Experiment (GTE). GTE has
consisted of a series of field experiments designed to (1) evaluate the capability of
instrument techniques to measure, under field conditions, the minute concentrations of
key chemical species in the troposphere; and (2) systematically address tropospheric
chemistry issues relevant to global change, through airborne sampling expeditions,
coupled with modeling and laboratory studies. GTE has been primarily an aircraft-based
program supplemented by ground-based measurements. Satellite data also played
important roles (however TRACE-P was a more integrative mission). Space Shuttle
observations of tropospheric carbon monoxide distributions have been used to plan and
direct the course of expeditions, for example, over tropical rain forests and for continental
outflow into the tropical Atlantic Ocean. LANDSAT land-surface images have
facilitated the extrapolation of regional Arctic-tundra measurements into global-scale
conclusions. Total Ozone Measurements from Satellites (TOMS) has helped place GTE
observed ozone distributions/budgets into a global perspective (temporal and spatial) and
has been used to guide intensive aircraft studies over the tropical Atlantic Ocean.
Weather data returned by environmental satellites have guided flight planning for
research flights. During TRACE-P chemical and aerosol models participated in flight
planning and execution. The Atmospheric Sciences Data Center (ASDC) data include
many of the satellite, surface, and meteorological products used to support GTE missions

or analyses.

The GTE airborne expeditions have focused on studies of the remote global atmosphere
in order to provide well-documented baseline measurements of the unperturbed
environment and to fully understand the chemical cycles underlying the natural
environment. Table 1 and Figure 1 summarize GTE missions conducted through 2001.

The GTE expeditions have been conducted in a diverse range of environments and with



different scientific goals. The Chemical Instrument Test and Evaluation (CITE) series
was designed to study the ability to measure key tropospheric gaseous species by
exposing selected instrumentation to a wide range of measurement conditions. The
Atmospheric Boundary Layer Experiments (ABLE) were designed to study the emission,
chemical processes, and dynamics of the boundary layer, and have been conducted over
ecosystems known to have significant influence on the global troposphere. The
importance of long-range transport of natural and anthropogenic emissions on the global
troposphere has been investigated in the Pacific Exploratory Missions (PEM) and the
Transport and Atmospheric Chemistry near the Equator — Atlantic (TRACE-A). The
Pacific Exploratory Missions in the Western Pacific Ocean (PEM-West) Phases A and B
focused on the impact of emissions from the Asian continent over the northwest Pacific
Ocean during contrasting meteorological conditions. The Pacific Exploratory Missions
over the Tropical Pacific (PEM-Tropics) Phases A and B studied the oxidizing power of
the atmosphere and sulfur chemistry over the Pacific basin also during contrasting
seasons. The Transport and Chemical Evolution over the Pacific (TRACE-P) mission

focused on the composition and evolution of Asian outflow.

The GTE, managed as part of the Tropospheric Chemistry Program in the Mission to
Planet Earth Office, NASA Headquarters, was initiated in the early 1980s.
Implementation of the GTE Project is via a Project Office at the NASA Langley Research

Center, Atmospheric Sciences Competency.

SYMBOLS AND UNITS
ABLE Atmospheric and Boundary Layer Experiment
ASDC Atmospheric Sciences Data Center
CITE Chemical Instrument Test and Evaluation
FTIR Fourier Transform Infrared Spectrometer
GTE Global Tropospheric Experiment
ITCZ Inter-Tropical Convergence Zone



LaRC Langley Research Center

NASA National Aeronautics and Space Administration

PEM Pacific Exploratory Mission

ppbv parts per billion, by volume

ppmv parts per million, by volume

pptv parts per trillion, by volume

SPCZ South Pacific Convergence Zone

TOMS Total Ozone Measurements from Satellites

TRACE-A Transport and Atmospheric Chemistry near the Equator —
Atlantic

TRACE-P 0 0 Transport and Chemical Evolution over the Pacific

PROGRAM AND DATA DESCRIPTION

The National Aeronautics and Space Administration's TRACE-P mission, conducted
from late February through early April 2001, was a major component of the Global
Tropospheric Experiment, a project within the Earth Sciences Enterprise program. The
long-range goal of the GTE has been to contribute substantially to scientific
understanding of human impacts on the chemistry of the global troposphere. Changes in
chemical composition of the troposphere on a global scale have been well documented
during these last two decades. This has given rise to considerable concern that these
chemical changes in the troposphere, which are expected to increase as population
increases and economic activity expands, will lead to changes in the earth's climate. The
TRACE-P campaign had two main objectives, (1) to determine the chemical composition
of the Asian outflow over the western Pacific in spring in order to understand and
quantify the export of chemically and radiatively important gases and aerosols, and their
precursors, from the Asian continent, and (2) to determine the chemical evolution of the
Asian outflow over the western Pacific in the spring and to understand the ensemble of
processes that control this evolution. Within this framework, 5 specific tasks were

identified: (1) to identify and quantify the contributions to Asian outflow from industrial



sources in Asia, Europe, and North America, as well as from biomass burning sources in
Southeast Asia and northern Africa, (2) to demonstrate the potential for synergistic
integration of aircraft and satellite observations, together with three-dimensional models,
to quantify the chemical outflow from a major continental source, (3) to determine the
importance of natural processes (lightning, stratospheric down welling) contributing to
the Asian outflow, (4) to understand the long-range transport and chemical aging of
Asian pollution over the North Pacific, and to assess the implications for global influence
and for intercontinental transport of pollutants, and (5) to determine the role of
heterogeneous chemistry in controlling the chemical evolution of the Asian outflow over

the Pacific.

The broad design of the TRACE-P campaign employed a series of flights utilizing the
NASA Dryden DC-8 and NASA Wallops P-3B aircraft from two main operational sites
in the western Pacific (Hong Kong and Yokota Air Force Base in Fussa, Japan).
Additional operational and/or transit sites for the DC-8 included Kona, Hawaii; Guam,;
and Kadena Air Force Base, Okinawa. The P-3B's additional operational/transit sites
were Kona, Hawaii; Wake Island; Guam; Kadena Air Force Base, Okinawa; and Midway
Island. Geographic coverage of flights originating from the intensive bases ranged from
110E to 150E in longitude approximately 10N to 45N in latitude. Tables 2a and 2b
summarize the DC-8 and P-3B flights, respectively as well as briefly describe the science
objectives of each flight. Figure 2a shows the TRACE-P transit flights for both aircraft
while Figure 2b shows the intensive flights during the mission. Flights 1 through 3 for
the DC-8 and P-3B, all test flights, are not included in Figure 2a or 2b.

The overall objective in using two aircraft was to maximize geographical coverage of
Asian outflow. The DC-8 had a higher ceiling, greater payload capacity, and longer
range than the P-3B. Instrumentation on the DC-8 measured ozone, and aerosol structure
above and below flight altitude, ozone photochemical precursors, and airmass
characterization. The P-3B however, could fly for longer periods of time at low altitude
(below 3km) than the DC-8 so it focused more on hydroxyl radicals, aerosol

microphysics, sulfur chemistry, and eddy flux measurements. Table 3 summarizes the



measurement characteristics for the parameters measured aboard both aircraft. Figures 3a
and 3b show the mission payloads for the DC-8 and P-3B, respectively. Additional
measured quantities (e.g., Project measurements) and some calculated quantities (liquid

water content) not listed in Table 3 are available from the ASDC and GTE archives.

The TRACE-P data available on the Langley ASDC and GTE archive include (1) data
taken aboard the DC-8 aircraft; (2) data taken aboard the P-3B aircraft; (3) ozonesonde
data; (4) FTIR data; (5) merged data; (6) satellite data products; and (7) meteorological
data products. The ozonesonde data include releases from the following locations:
Trinidad Head, CA (40.8N, 124.2W); Hilo, HI (19.4N, 155.0W); Sapporo (43.1N,
141.3E), Tsukuba (Tateno) (36.IN, 140.1E), Naha (26.2N, 127.7E), and Kagoshima
(31.6N, 130.6E), Japan; Hong Kong (22.3N, 114.2E); Taipei, Taiwan (25.0N, 121.4E);
and Cheju Island, Korea (33.5N, 126.5E). FTIR measurements were made at Moshiri
(44.4N, 142.3E) and Rikubetsu (43.5N, 143.8E) Observatories and Tsukuba (36.1N,
140.1E), Japan.

The data plots for TRACE-P are given in Appendix A. For each DC-8 flight, 19 pages of
time series plots followed by altitude profiles of dewpoint, temperature, ozone, and
carbon monoxide are provided. The order of the species in the time series plots is given
in Table 4. Table 5 lists the parameters plotted and their chemical formulas. The species
were selected to provide the reader with information on both the source characteristics
and photochemical history of air. There are no plots prior to flight 4 for the DC-8 or the
P-3B, as these were test flights and data archival was not required. Data plots are in

standardized format as discussed in Appendix A.



CONCLUDING REMARKS

This compendium of data from NASA's Global Tropospheric Transport and Chemical
Evolution over the Pacific (TRACE-P) provides only a graphical representation of
aircraft data that are available in archived format from NASA Langley's Atm ospheric
Sciences Data Center (ASDC) and from the GTE Project Office archive. The plots are
not intended to support original research/analysis, but serve as an overview of the
TRACE-P aircraft data and provide some assistance to the reader in identifying data that
are of interest and which may be obtained from Langley's ASDC archive or GTE's
Project Office archive. This compendium volume covers only selected NASA P-3B
aircraft data. The DC-8 aircraft data is contained in volume 1 of the compendium. The
GTE archived database includes other data measured on board the aircraft as well as
numerous  supporting data including meteorological  observations/products,
photochemical modeling products, surface station observations, satellite observations,
and ozonesonde and FTIR measurements. GTE-sponsored analyses/results from the
TRACE-P expedition have been accepted for publication to a Special Issue of the Journal
of Geophysical Research — Atmospheres and will be published in two parts, October 27,
2003 and November 16, 2003.

Questions or information regarding the Langley ASDC archive should be directed to
Langley ASDC User and Data Services, Mail Stop 157D, NASA Langley Research
Center, Hampton, Virginia, 23681-2199. A brief description of the ASDC, log on

procedures, and databases is given in Appendix B.



Table 1. GTE Field Expeditions Through 2001

Expedition Date General Geographic Region Time of Year

CITE-1 1983 Hawaii November

CITE-1 1984 Eastern North Pacific — off the California coast April

ABLE-1 1984 Barbados, French Guyana June

ABLE-2A 1985 Amazon Basin August

CITE-2 1986 Western USA August

ABLE-2B 1987 Amazon Basin May

ABLE-3A 1988 Alaska — Barrow, Bethel, Cold Bay July/August

CITE-3 1989 Western North Atlantic — Virginia coast and August/September
Western South Atlantic — Brazil coast

ABLE-3B 1990 Canada — Hudson Bay, Schefferville July/August

PEM-West A 1991 Western Pacific Rim October

TRACE-A 1992 Brazil, South Atlantic, Southwest Africa September

PEM-West B 1994 Western Pacific Rim February/March

PEM-Tropics A 1996 South Pacific Basin August/September

PEM-Tropics B 1999 South Pacific Basin March/April

TRACE-P 2001 Western Pacific February-April
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Table 2(a). Summary of DC-8 Aircraft Flights For TRACE-P Mission

Flight Start Date,| Julian | Start Stop Lat. Lat. Max, | Lon. Min, | Lon. Flight Location and Description
Number | GMT Day, | Time, Time, Min, degree degree Max,
GMT | GMT GMT degree degree

1D* 2/14/01 45 18:20:10 | 22:16:16 | 26.7700 | 35.2800 -121.6717 | -117.8633 | DFRC Test Flight 1

2D* 2/16/01 47 18:10:00 | 22:25:36 | 27.0217 | 35.2817 -124.5117 | -117.3283 | DFRC Test Flight 2

3D* 2/21/01 52 23:02:50 | 04:13:34 | 25.0483 | 35.2983 -124.1117 | -116.9850 | DFRC Test Flight 3

4D 2/26/01 57 17:36:52 | 01:50:43 | 19.5133 | 40.3950 -156.7900 | -117.8183 | DFRC to Kona, Hawaii — Aged Asian Pollution and
MOPITT mid-latitude validation

5D 2/27/01 58 20:02:16 | 04:53:06 | 13.5633 19.7533 -156.0417 | 144.8650 Kona, Hawaii to Guam — Asian Pollution Subsidence and
MOPITT tropical validation

6D 3/03/01 62 23:52:36 | 08:48:43 | 13.5717 | 27.7600 -113.9117 | 145.0450 | Guam to Hong Kong — Asian Outflow: Frontal, Convective,
S. China Sea

7D 3/07/01 66 01:10:04 | 10:52:39 | 20.0067 | 30.5367 113.7817 | 140.2000 | Hong Kong Local 1 — China Outflow and Frontal Crossing

8D 3/09/01 68 01:01:17 | 10:21:26 | 20.0000 | 26.3600 113.8983 149.9233 | Hong Kong Local 2 (to Okinawa) — Chemical Evolution of
Frontal Outflow

9D 3/10/01 69 01:49:18 | 09:08:21 | 19.9983 | 37.2033 113.7267 | 129.0150 | Hong Kong Local 3 (from Okinawa) — China Outflow to
Yellow Sea

10D 3/13/01 72 02:15:28 | 10:25:14 | 18.4183 | 25.9467 113.7633 135.8950 | Hong Kong Local 4 — Aged Asian Outflow

11D 3/17/01 76 00:55:07 | 08:36:20 | 19.2150 | 30.1983 113.8983 | 138.9167 | Hong Kong to Kadena AFB, Okinawa — MOPITT
Validation and China Outflow

12D 3/18/01 77 00:50:58 | 08:17:47 | 22.5050 35.7533 117.6833 139.4567 | Kadena AFB, Okinawa to Yokota AFB, Japan — Formosa
Strait and China Outflow

13D 3/20/01 79 22:54:37 | 08:22:26 | 21.8100 | 35.9683 124.5133 | 139.5167 | Yokota Local 1 — Frontal Lifting and Dust Outflow

14D 3/23/01 82 23:21:34 | 08:19:19 | 21.2900 | 35.9750 134.8083 | 150.1850 | Yokota Local 2 — Convective Outflow

15D 3/26/01 85 23:36:04 | 08:55:26 | 23.4850 | 37.3050 124.3550 | 139.5233 | Yokota Local 3 — Convective Outflow and Stratospheric
Influence

16D 3/29/01 88 18:15:05 | 03:37:24 | 27.7517 | 35.8817 124.1433 139.4367 | Yokota Local 4 — Sunrise Photochemistry of Asian Outflow

17D 3/31/01 90 00:12:09 | 07:37:10 | 34.2367 | 45.5350 131.6683 149.8783 | Yokota Local 5— Warm Conveyor Belt and Cyclonic
Recirculation

18D 4/03/01 93 22:38:47 | 07:46:36 | 19.5350 | 36.1567 -156.0150 | 139.3250 | Yokota AFB, Japan to Kona, Hawaii — High Altitude Asian
Outflow and Sunset MBL Chemistry

19D 4/06/01 96 17:56:26 | 04:12:33 | 18.8617 37.1850 -156.1333 | 136.0100 | Kona, Hawaii Local 1 — Subsidence over E. Pacific and
MOPITT Transect

20D 4/09/01 99 17:14:56 | 00:03:13 | 19.7233 35.1717 -156,0467 | -117.5067 | Kona, Hawaii to DFRC — A/C Intercomparison , Stratus

Chemistry and Jet Stream Transport

* optional data archival; required for other flights
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Table 2(b). Summary of P-3B Aircraft Flights For TRACE-P Mission

Flight Start Julian | Start Stop Lat. Lat. Max, | Lon. Min, | Lon. Flight Location and Description
Number | Date, Day, | Time, Time, Min, degree degree Max,
GMT GMT | GMT GMT degree degree

1P* 2/09/01 40 16:34:50 | 19:35:46 | 34.8738 | 37.9827 - 75.8625 72.8816 | WFF Test Flight 1

2p* 2/13/01 44 20:29:36 | 22:59:46 | 34.7859 | 37.9724 - 75.8612 73.2178 | WFF Test Flight 2

3P* 2/17/01 48 19:52:25 | 00:37:38 | 37.1159 | 38.5590 - 75.6416 73.0761 | WFF Test Flight 3

4P 2/24/01 55 14:36:15 | 22:15:18 | 33.5966 | 37.6096 -118.0862 | - 75.9491 | WFF to Palmdale, California — Stratospheric Intrusion

5P 2/26/01 57 17:34:21 | 00:51:59 | 19.7055 34.6774 -156.0717 | -118.0731 | Palmdale, California to Kona, Hawaii — Aged Asian Pollution

6P 2/27/01 58 19:52:12 | 02:41:40 | 19.2236 21.2348 -156.1263 166.5762 | Kona, Hawaii to Wake Island — Asian Pollution Subsidence

7P 3/01/01 60 21:56:23 | 04:19:33 9.9016 19.2866 144.8860 | 166.7067 | Wake Island to Guam — Tropical/Subtropical Gradient

8P 3/04/01 63 00:34:00 | 08:25:00 | 13.5731 22.4097 113.9184 | 145.0026 | Guam to Hong Kong — A/C Intercomparison; Asian Outflow
to S. China Sea

9P 3/07/01 66 02:17:02 | 10:07:56 | 20.0490 | 28.5091 113.7464 | 124.2517 | Hong Kong Local 1 — Post-Frontal Asian Outflow

10P 3/09/01 68 01:07:16 | 08:39:50 | 19.9987 | 22.3419 113.7484 | 131.2688 | Hong Kong Local 2 — Aged Post-Frontal Outflow

11P 3/10/01 69 00:55:45 | 09:00:53 6.8956 | 22.3185 111.9539 | 116.4651 | Hong Kong Local 3 — S. China Sea Quiescent Period

12P 3/13/01 72 00:53:42 | 09:05:30 | 17.0386 | 27.6039 113.7251 124.9838 | Hong Kong Local 4 — Stratospheric Intrusion; Biomass
Burning Outflow

13P 3/17/01 76 00:58:41 | 09:07:37 | 20.0514 | 37.2261 113.8976 | 127.9529 | Hong Kong to Kadena AFB, Okinawa — Low Level Outflow
to Yellow Sea

14P 3/18/01 77 01:58:04 | 09:17:05 | 26.3539 37.0393 124.3366 139.4325 | Kadena AFB, Okinawa to Yokota AFB, Japan — Surface
Outflow to Yellow Sea; Volcanic Plume

15P 3/21/01 80 00:21:00 | 07:56:40 | 32.9998 | 40.9278 139.3278 | 155.0006 | Yokota Local 1— Frontal Boundary Profile

16P 3/23/01 82 23:06:58 | 07:23:48 | 30.9409 | 39.9699 132.9872 | 140.0680 | Yokota Local 2 — A/ C Intercomparison; Japan North-South

17P 3/27/01 86 00:27:51 | 08:41:41 | 32.1353 35.9329 139.3172 146.4258 | Yokota Local 3 — Air-Sea Exchange; Volcanic Plume;
TERRA Underpass

18P 3/30/01 89 23:13:30 | 06:25:35 | 28.9584 37.9434 127.9982 139.6035 | Yokota Local 4 — ACE Asia; Asian Outflow to Sea of
Japan; TERRA Underpass

19P 4/02/01 92 00:23:07 | 08:31:21 | 35.6250 | 40.9494 131.7143 | 139.3511 | Yokota Local 5 — ACE Asia;Moist Conveyor Belt; TERRA
Underpass

20P 4/03/01 93 23:23:05 | 07:12:34 | 28.1442 | 36.1534 -177.3796 | 139.3075 | Yokota AFB, Japan to Midway Island — High Altitude Asian
Outflow

21P 4/06/01 96 06:53:24 | 14:21:21 | 20.0282 | 28.2473 -177.2093 | 164.9640 | Midway Island Local 1— Aged Asian Pollution;
Stratospheric Influence

22P 4/07/01 97 16:18:40 | 23:06:02 | 16.0089 | 28.2231 -177.5010 | -155.5967 | Midway Island to Kona, Hawaii — Sunrise Photochemistry;
Stratospheric Influence

23P 4/09/01 99 16:57:44 | 01:03:30 | 19.7240 | 34.9655 -156.0468 | -117.7267 | Kona, Hawaii to NASA- DFRC — A/C Intercomparison

24P 4/10/01 100 15:33:28 | 22:05:41 | 30.4674 | 37.9393 -118.0146 | - 75.4597 | DFRC to WFF — Transport of Clean Tropical Air

* optional data archival; required for other flights
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Table 3. TRACE-P Aircraft Measurement Characteristics

Investigator Aircraft | Species/ Technique Averaging Accuracy Precision LOD
DC-8 | P-3B| Parameter Time
B. Anderson'" X Aerosol absorption at PSAP 30to 180 s 20% 20% 5x107 m"
565nm
X Single scatter albedo Nephelometer 30t0 180 s NA NA NA
X Equivalent BC mass PSAP 30t0 180 s 30% 20% 0.1 ugm’
X CN>4nm Condensation nuclei Is 10% 10% 1em?
Unheated CN>14nm counter
Heated CN>14nm
X Ratio Heated/Unheated | Condensation nuclei 1s 20% 20% NA
counter
X Scatter at 450nm Nephelometer ls 10% 10% 1x10 7m’!
Scatter at 550nm
Scatter at 700nm
X Angstrom exponent: Nephelometer 1s NA NA NA
450-550nm
450-700nm
550-700nm
X Number: PCASP aerosol probe, Is 20% 20% 0 cm™
.1-.75,.75-2, 2-5, 5-20, | FSSP-300, Cloud, aerosol,
20-50, 50-1550 and precipitation
spectrometer (CAPS)
X Surface: PCASP aerosol probe, 1s 50% 50% 0 um”m™
.1-.75, .75-2, 2-5, 5-20, | FSSP-300, CAPS
20-50, 50-1550
Volume dry:
.1-.75, .75-2, 2-5, 5-20,
20-50, 50-1550
E. Apel®? X CH,CHO GC/MS 10-60 s 4% 7% 40 pptv
X Methanol GC/MS 10-60 s +3% +7% 50 pptv
X Acetone GC/MS 10-60 s +3% +2% 50 pptv
X Ethanol GC/MS 10-60 s +3% +19% 5 pptv
X Butanal GC/MS 10-60 s +3% +5% 5 pptv
X Methyl ethyl ketone GC/MS 10-60 s +3% +3% 5 pptv
X Propanal GC/MS 10-60 s +3% +6% 15 pptv
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Table 3. Continued

Investigator Aircraft | Species/ Technique Averaging Accuracy Precision LOD
DC-8 | P-3B Parameter Time
E. Browell” X Aerosol wavelength Derived from IR and VIS Horizontal: 1
dependence profiles lidar backscatter data min; Vertical:
(1064nm/587nm) 30 m®
X IR aerosol scattering Normalized IR lidar Horizontal: 1 10% or £0.05® | 0.05 0.01
ratio profiles (1064nm) backscattering min; Vertical:
30 m®
X Ozone profiles UV DIAL Horizontal: 5 | 10% or £2 5% or 1 ppbv NA
min; ppbv®
Vertical:
300m"
X Trop. heights and ozone | Derived from UV DIAL 5 min® Derived Derived NA
columns ozone data
X Visible aerosol Normalized VIS lidar Horizontal: 1 | 10% or £0.03® | 0.03 01
scattering ratio profiles backscattering min; Vertical:
(587 nm) 30 m®
X Visible aerosol VIS lidar backscatter Horizontal: 1 10% relative or | 0.2% NA
depolarization profiles depolarization min; +0.2%
Vertical: 150 | absolute®™
m(a)
W. Brune®® X OH LIF 20s +40% at 2 1 km 10 ppq, 10 ppq
sigma >5km 4 ppq
X HO, LIF 20s +40% at 2 1 km 100 ppq, 100 ppq
sigma > 5 km 40 ppq
A. Fried® X CH,O Tunable diode laser 60s 12 to 15%® 66 pptv 66 pptv”
absorption spectrometer
B. Heikes® X H,0, HPLC 30s +15 ppt or +15 ppt or £0.15 | 15 pptv
+0.15 x value x value
X CH;00H HPLC 30s 125 ppt or 125 ppt or £0.25 | 25 pptv
+0.25 x value x value
X CH,0 Flow Injection Analysis 60 s 150 ppt £0.15 x | £50 ppt £0.15 x 50 pptv
(FIA) value value
G. Sachse!” X N,O DACOM IR Laser 5s 1% 0.15% (lo) NA®
Spectrometer
X H,0 D LH NIR Laser 50 ms 1 ppmv or 10% | 0.1 ppmv or 1% NA®
Spectrometer conc. © cone. ® (10)
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Table 3. Continued

Investigator Aircraft | Species/ Technique Averaging Accuracy Precision LOD
DC-8| P-3B| Parameter Time
S. Sandholm® X NO TP-LIF 60 s +20% >10% 2 pptv
X NO, TP-LIF 60 s +40% >20% 5 pptv or
10%"
H. Singh® X PAN GC 120 +20% +10% 1 pptv
X Acetone GC 180 s +20% +10% 5 pptv
X Acetaldehyde GC 180 s +25% +10% 10 pptv
X Propionaldehyde GC 180 s +25% +15% 10 pptv
X Methyl Ethyl Ketone GC 180 s +20% +10% 10 pptv
X Methanol GC 180 s +25% +15% 15 pptv
X Ethanol GC 180 s +25% +20% 20 pptv
X Acetonitrile GC 180's +25% +15% 30 pptv
X HCN GC 180 s +25% +15% 30 pptv
X PPN GC 120 s +30% +20% 1 pptv
X Methyl nitrate GC 120 s +15% +10% 1 pptv
X i-propyl + ethyl nitrate GC 120 s +15% +10% 1 pptv
B. Talbot” X Chloride Filter collection 2.7-42.5min | 20% 15% + 23 pptv 25 pptv
X Nitrate Filter collection 2.7-42.5min | 20% 15% + 2.5 pptv 3 pptv
X Sulfate Filter collection 2.7-42.5min | 20% 15% + 2.1 pptv 3 pptv
X Oxalate Filter collection 2.7-42.5min | 20% 15% + 4.4 pptv 5 pptv
X Sodium Filter collection 2.7-42.5min | 20% 15% + 18.4 pptv | 20 pptv
X Ammonium Filter collection 2.7-42.5min | 20% 15% + 5.7 pptv 6 pptv
X Potassium Filter collection 2.7-42.5min | 20% 15% + 8.6 pptv 9 pptv
X Magnesium Filter collection 2.7-42.5min | 20% 15% + 3.8 pptv 4 pptv
X Calcium Filter collection 2.7-42.5min | 20% 15% + 3.2 pptv 4 pptv
X Beryllium-7 Filter collection 2.7-425min | 10% 50%/25%/15% | 30 fCi scm™'®
X HNO; Mist Chamber-Ion 130-140 s 15% 15% 3 pptv
Chromatography
X SO, Mist Chamber-Ion 130-140 s 20% 20% 3 pptv
Chromatography
X Fine aerosol NSS Mist Chamber-Ion 130-140 s 20% 20% 4 pptv
Chromatography
X SO, Mist Chamber-Ion 130-140 s 20% 20% 4 pptv

Chromatography
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Table 3. Continued

Investigator Aircraft | Species/ Technique Averaging Accuracy Precision LOD
DC-8| P-3B Parameter Time
E. Atlas? X X | CH;ONO, GC/MS 40-150 s 10-20% 5-10% 0.10 pptv
n-C3H7ON02
2-C4HyONO,
X X C,HsONO, GC/MS 40-150s 10-20% 5-10% 0.14 pptv
i-C;H;ONO,
X X 3-CsH;;ONO, GC/MS 40-150s 10-20% 5-10% 0.30 pptv
2- CsH;1ONO»
3-CH;-2-C4HsONO,
X X HFC-134a GC/MS 40-150 s 5-10% 5-10% 0.30 pptv
X X HCFC-141b GC/MS 40-150 s 5-10% 5-10% 0.10 pptv
HCFC-142b
CHCly
X X HCFC-22 GC/MS 40-150 s 5-10% 5-10% 0.20 pptv
X X HCFC-21 GC/MS 40-150s 10-20% 10-20% 0.10 pptv
HCFC-123
X X HCFC-124 GC/MS 40-150 s 10-20% 10-20% 0.20 pptv
X X Halon-1211 GC/MS 40-150 s 10-20% 10-20% 0.07 pptv
X X Halon-2402 GC/MS 40-150 s 5-10% 5-10% 0.15 pptv
Halon-1301
X X Halon-1202 GC/MS 40-150 s 5-10% 20% or 0.02 pptv | 0.02 pptv
X X CH;3Br GC/MS 40-150 s 10-20% 5-10% 0.20 pptv
X X C;H;Br GC/MS 40-150 s 10-20% 10-20% 0.54 pptv
X X CHsCl GC/MS 40-150s 5% 5-10% 1.00 pptv
OCS
X X C,H;Cl GC/MS 40-150 s 10-20% 5-10% 0.50 pptv
X X C,H;ClI GC/MS 40-150 s 10-20% 5-10% 0.18 pptv
X X CH,Cl, GC/MS 40-150 s 5% 5-10% 0.40 pptv
X X 1 2-CoHuCly GC/MS 40-150 s 10-20% 5-10% 0.40 pptv
X X C,HCl; GC/MS 40-150 s 10-20% 5-10% 0.05 pptv
X X C,Cly GC/MS 40-150 s 5-10% 5-10% 0.16 pptv
X X CH:»Brn, GC/MS 40-150 s 10-20% 5-10% 0.08 pptv
X X CHCIBr, GC/MS 40-150 s 10-20% 10% or 0.02 pptv | 0.02 pptv
X X CHBr3; GC/MS 40-150 s 10-20% 5-10% 0.14 pptv
M. Avery"” X X Ozone Nitric oxide Is 5% or 2 ppbv 2% or 0.8 ppbv 0.8 ppbv
chemiluminescense
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Table 3. Continued

Investigator Aircraft | Species/ Technique Averaging Accuracy Precision LOD
DC-8| P-3B| Parameter Time
D. Blake® X | X | Ethane GC 40-150 s 5% 1% or 2 pptv™® 3 pptv
Propane
X X trans-2-Butene GC 40-150 s 10% 2% or 3 pptv™® 3 pptv
X | X | Benzene GC 40-150 s 5% 2% or 3 pptv® 3 pptv
Toluene
0-Xylene
m-Xylene
p-Xylene
Ethylbenzene
X X CHCIBr, GC 40-150 s 10-20% 5-10% 0.005 pptv
X | X | Ethyne GC 40-150 s 5% 1% or 2 pptv® 2 pptv
n-Butane
i-Butane
n-Pentane
i-Pentane
X X H-1211 GC 40-150 s 5% 2% 0.1 pptv
X X CHsl GC 40-150 s 10-20% 5-10% 0.05 pptv
X X Methyl nitrate GC 40-150's 10-20% 1-5% 0.05 pptv
Ethyl nitrate
2-Butyl nitrate
X X CH;CCl; GC 40-150 s 5% 1% 3 pptv
X X CCly GC 40-150 s 2% 1% 3 pptv
X | X | Ethene GC 40-150 s 10% 2% or 3 pptv™® 3 pptv
X | X | Propene GC 40-150 s 10% 2% or 3 pptv™® 2 pptv
X X CFC-12 GC 40-150 s 2% 0.7% 1 pptv
X X CFC-11 GC 40-150 s 2% 0.8% 3 pptv
X X CFC-113 GC 40-150 s 2% 1.4% 3 pptv
X X CFC-114 GC 40-150 s 5% 1.5% 1 pptv
X X HCFC-22 GC 40-150 s 5% 1.5% 10 pptv
X X H-2402 GC 40-150 s 5% 5% 0.1 pptv
X X CoCly GC 40-150 s 10% 1-5% 0.05 pptv
X X CH,Cl, GC 40-150 s 10% 5% 2 pptv
X X CHBrCl, GC 40-150 s 10-20% 5-10% 0.05 pptv
X X CH;Cl GC 40-150 s 5% 5-10% 100 pptv
X X CHCl; GC 40-150 s 5% 5-10% 2 pptv
X X CHBr3 GC 40-150 s 10% 5-10% 0.1 pptv
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Table 3. Continued

Investigator Aircraft | Species/ Technique Averaging Accuracy Precision LOD
DC-8| P-3B| Parameter Time
D. Blake (cont.) X X CH;Br GC 40-150 s 5% 4% 1 pptv
X X CH,Br, GC 40-150 s 10-20% 5-10% 0.4 pptv
X X CH, GC 40-150 s 1% 0.1% NA
X X oCs GC 40-150s 10% 5% NA
H-134a
X X | DMS GC 40-150 s 10% 5% or 2pptv® 1 pptv
X X HCFC-141b GC 40-150 s 10% 3% NA
HCFC-142b
X X C,HCl; GC 40-150 s 20% 5% 0.02 pptv
X X CH,BrCl GC 40-150 s 20% 5% NA
X X C,H;Cl GC 40-150 s 20% 5% 0.3 pptv
X X C,Hsl GC 40-150 s 20% 10% 0.01 pptv
X X 2-CsH;1ONO, GC 40-150s 10-20% 1-5% 0.01 pptv
3-CsH;,ONO,
n-C3H7ON02
X X i-C3H;0NO, GC 40-150 s 10-20% 10% 0.02 pptv
X X CS, GC 40-150 s 20% 5% 0.5%
X X 1,2-Dichloroethane GC 40-150 s 20% 10% 0.05 pptv
X X n-Hexane GC 40-150 s 5% 5% 3 pptv
Project X X J(NO,) zenith Filter radiometer (PMT) ls 10% 4% 1.5x10° mv!
(J. Barrick") J(NO,) nadir
X X Dew/Frost point Chilled mirror hygrometer 1-10 s +0.5°C +0.2°C +75°C
G. Sachse!” X | X |co DACOM IR Laser ls 2% 1 ppbv or 1% NA®
Spectrometer conc. ® (10)
X X | CH4 DACOM IR Laser 1's (DC-8) 1% 0.15% (10) NA®
Spectrometer 5s(P-3B)
R. Shetter® X X | J[O3->02+0(1D)] SAFS 10s ~10% ~3% <0.05mW
em’nm’
J[CH20->H+HCO]
J[CH20->H2+CO]
X X JINO2->NO+0O(3P)] SAFS 10s ~8% ~3% <0.05mW
J[H202->20H] em”nm’’

JHNO2->OH+NO]
JHNO3->0H+NO02]
J[HNO4->HO2+NO2]
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Table 3. Continued

Investigator

Aircraft

DC-8| P-3B

Species/
Parameter

Technique

Averaging
Time

Accuracy

Precision

LOD

R. Shetter (cont.)

X X

JICH3CHO-> CH3+
HCO]
J[CH3CHO->CH4+CO]
J[C2H5CHO-> C2H5+
HCO]
JICHOCHO]
JICH3COCHO]
J[CH3COCH3]
J[CH30OH-> CH30+
OH]
J[CH30NO2-> CH30+
NO2]
J[PAN+hv->products]
J[CH3CH2CH2CHO->
C3H7+HCO]
J[CH3CH2CH2CHO->
C2H4+CH2CHOH]
JICH3COCH2CH3]
J[CH3CH20ONO2-+hv->
Products

SAFS

10s

~8%

~3%

<0.05mW
cm”nm’

S. Vay"

CO,

Non-dispersive IR
Spectrometer

0.25 ppmv

0.07 ppmv (1 Hz)

0.5 ppmv

A. Bandy®”

SO,

Atmospheric Pressure
Ionization Mass
Spectrometry

2-5%9

2 pptv or 2%*

1 pptv

C. Cantrell®

HO,
HO,+RO,

Chemical ionization mass
spectrometry

60 s

+35%

+10%

3x10 " molec

-3
cm

A. Clarke!'”

Condensation Nuclei cold|

CN counter

5s

5-10%

5%

1 particle cm”

Condensation Nuclei hot

CN with 300C heater

5s

5-10%

5%

1 particle cm™

XK

Cloud liquid water
content

PVM optical probe

5s

5-10%

5%

0.002g-m”

APS integral number,
area, volume”

Aerodynamic particle
sizing

60s

20%

5%

N A(m)

FSSP integral number,

area, volume™

FSSP probe

20%

5%

NA™
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Table 3. Continued

Investigator Aircraft | Species/ Technique Averaging Accuracy Precision LOD
DC-8| P-3B| Parameter Time
A. Clarke (cont.) X Scatter (all part) at 3 Wavelength integrating 25s 0.2 Mm’ +0.1 Mm™ +0.2 Mm’
450nm, 550nm, 700nm nephelometer
Backscatter (all part) at
450nm, 550nm, 700nm
X Scatter (submicron) at < lum Dp aerodynamic 25s +0.2 Mm’ +0.1 Mm™ +0.2 Mm’
450nm, 550nm, 700nm
Backscatter
(submicron) at
450nm, 550nm, 700nm
X | Light Absorption (all PSAP- light transmission 65s 15%® <6% +0.5 Mm@
part) 565nm through filter®
Absorption (submicron)
565nm
X DMA number, surface Differential Mobility 20 s grab 20% 5% NA®™
area and volume at 50C"” Analyzer samples
X OPC number, surface Optical Particle Counter 60 s 15% 5% NA™
area and volume at 50C®| effective optical particle
size
F. Eisele® X | OH CIMS 30s 60% 20% 1x10° OH
cm”
X | H:S04 CIMS 30s 60% 20% 2x10° cm’
X MSA
X | HNO; CIMS 20's +25%" 20% 5 pptv
W. Flocke® X | PAN GC 2.5 min®™ -10% to +5% 1% or 1 pptv"") 5 pptv
PPN
X | MPAN GC 2.5 min®™ -10% to +10% | +15% or +2.5 5 pptv
X | PiBN pptv®
Y. Kondo"? X NO Chemiluminescence ls 16% 6 pptv 12 pptv
NOy Is 35% 16pptv 28pptv
X | NO, Chemiluminescence 10s 32%/60%™ 4 pptv/3 pptv™ 13 pptv™
Project X | Air Temp RTD sensor ls +0.3°C +0.2°C +100° CY
(1. Barrick™) X Surface temp IR Pyroelectrics (chopped Is +0.7°C +0.5°C -50° to 70°
radiation) c¥
Project X Latitude, longitude TAMMS 20" 0.4 nm hr”' NA 0.1 min
(L. Thornhill™V) X | Pressure altitude TAMMS 205" 0.4% 7 ft 0.5 ft
X Static pressure TAMMS 205" 0.2 hPa 0.05 hPa 0.008 hPa
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Table 3. Concluded

Investigator Aircraft | Species/ Technique Averaging Accuracy Precision LOD
DC-8| P-3B Parameter Time
Project (cont.) X Impact pressure TAMMS 205" 0.4 hPa 0.05 hPa 0.008 hPa
(L. Thornhill) X Pitch, roll TAMMS 205" 0.2 deg 0.1 deg 0.04 deg
X True heading TAMMS 205" 0.1 deg 0.1 deg 0.04 deg
X | uv TAMMS 205" 0.5ms’ 0.lms’ 0.0l ms"
X | W TAMMS 205 0.1ms" 0.05ms’ 0.0l ms”
X | MR? TAMMS 20 0.6 deg C 0.2 deg C -50°C
X | MR (LymanAlpha) TAMMS 205’ 5% 2% 1%
X Virtual potential TAMMS 205" 0.5degK 0.1 degK 173° to 373°
temperature (theta v) K®
R. Weber® X | Sodium PILS-Ion Chromatography | 3 min +10% +5% 21 pptv
X Ammonium PILS-Ion Chromatography 3 min +10% +5% 27 pptv
X Calcium PILS-Ion Chromatography 3 min +10% +5% 12 pptv
X Potassium PILS-Ion Chromatography 3 min +10% +5% 13 pptv
X Magnesium PILS-Ion Chromatography 3 min +10% +5% 15 pptv
X Chloride PILS-Ion Chromatography 3 min +10% 5% 3 pptv
Sulfate
X Nitrate PILS-Ion Chromatography 3 min +10% +5% 4 pptv
X Total UCN (> 3 nm) Condensation particle 1s +10% 2% NA
counter and Pulse Height
Analysis (PHA)
X Total UCN Condensation particle 60 s +10% +10% NA
counter and Pulse Height
Analysis (PHA)
UCN 3-8nm
UCN 3-4nm

Notes:
Horizontal sample interval: 10 seconds; Vertical sample interval: 30 meters.

o a0 o

50

Whichever is greater.

Horizontal sample interval: 1 minute; Vertical sample interval 60 meters.
Horizontal sample interval: 1 minute.

Percentage of the ambient concentration. However, as the ambient levels decrease, the accuracy estimate can be somewhat higher.
Replicate measurements during constant air mass periods provides realistic assessment of how LOD improves with averaging time. These measurements indicate that LOD does in fact
improve by roughly the square root of averaging time out to time periods as long as 10 minutes. For 5 minutes of averaging, based on median 1 min LOD of 66 pptv, 5 min LOD is

around 30 pptv.

Concentration in the troposphere or lower stratosphere never reaches the LOD.
Of the NO value, whichever is greater.
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For Be-7 there is still some uncertainty due to measured air flow (on the order of 5% max) but this is generally dwarfed by the statistical uncertainty inherent in the counting
of radioactive decays. Precision increases notably with higher activity. For samples less than 200 fCi scm™ the mean and median uncertainty was 50%, this improves to 25%
for samples between 200 and 600 fCi scm™ and to 15% for samples more active than 600 fCi scm™. (Note that 52% of all samples with reported Be-7 were in this last group
and only 24% were less than 200 fCi scm™). Tt is estimated an LOD of 30 fCi scm™ (though this also depends on the volume of air sampled).

Below 3 ppbv is 2-3%, and above 3 ppbv is about 5%.

Below 200 pptv is 2 pptv, and above 200 pptv is about 2%.

0.7 um <= Dp <= 20.0 um.

The overall performance (accuracy, precision & LOD) of the size distribution measurements (DMA, OPC, APD & FSSP) are size dependent and are difficult to generalize. The 3 latter
instruments are single particle counters making them sensitive to low concentrations limited primarily by count statistics at a given size. Particle losses in sample inlet become
significant for sizes larger than about 4 um.

0.3 um <= Dp <= 1.0 um, 1.0 um <= Dp <=20.0 um, 0.3 um <= Dp <= 20.0 um.

Longer averaging times are generally required for low absorption environments.

At typical atmospheric absorption levels and 60 s averages.

For 60 s average but lower with larger averaging time.

0.007 <=Dp<=0.1um.

0.1<=Dp<=20.0pm, 0.1<=Dp<=0.75um, 0.75<=Dp<=20.0pum.

The overall accuracy is estimated to be £25% for < 100 pptv, £20% for 100-200 pptv, and £15% > 200 pptv.

One discreet sample (which is an average of 2.5 seconds) is taken every 2-2.5 minutes.

Short term (duration of flight), whichever is greater. Long term (over the entire mission), larger of 5% or 1 pptv.

Altitude <2 km / Altitude > 2 km; (NO, median 70 pptv for altitude < 2 km / NO, median 30 pptv for altitude > 2 km) .

Precision and LOD of NO and NO,, were estimated for a 1 s integration time, while for NO,, a 10 s integration time was used.

Lower number is minimum LOD, higher number is maximum LOD.

Derived from dew point (GE 1011).

NASA Langley Research Center
National Center for Atmospheric Research (NCAR)
Pennsylvania State University
University of Rhode Island
Georgia Institute of Technology
NASA Ames Research Center
University of New Hampshire
University of California-Irvine
Drexel University

University of Hawaii

University of Tokyo



Table 4. P-3B Time Series Plot Order

Plate Panel Parameter Plate Panel Parameter
1 1 Lat, Lon 9 1 Flag
2 AltP 2 Cl
3 TS, ProjDP 3 NO3
4 WNS 4 Na
5 WND 5 NH4
2 1 Ozone 10 1 K
2 CO 2 Ca
3 Methane 3 Mg
4 CcO2 4 SO4
5 NOy 5 MSA
3 1 NO 11 1 SO2
2 NO2 2 oCS
3 HNO3 3 H2S04
4 PAN, PPN 4 DMS
5 PiBN 5 Methyl lodide
4 1 OH 12 1 Total UCN
2 HO2 2 3<UCN<8 nm
3 HO2 + RO2 3 3<UCN<4 nm
4 Methyl Chloride 4 CN at 300C
5 Chloroform 5 CN at 30C
5 1 Ethane 13 1 Scattering at 450nm
2 Propane 2 Absorption at 565 nm
3 1-Butane, n-Butane 3 DMA+OPC number
4 i-Pentane, n-Pentane 4 FSSP number
5 Ethyne 5 DMA+OPC surface
6 1 Ethene 14 1 FSSP surface
2 C3HS8/C2H6 2 DMA+OPC volume
3 C2H4/C2H6 3 FSSP volume
4 C2H2/CO 4 PVMLWC
5 C2H6/CO 5 Left blank
7 1 Methyl Nitrate 15 1 03 Col
2 Ethyl Nitrate 2 SZA
3 i-Propyl Nitrate 3 J(03)
4 n-Propyl Nitrate 4 J(H202)
5 2-Butyl Nitrate 5 J(NO2)
8 1 CFC-12 16 1 JINO2)N + J(NO2)Z
2 H-1211 2 JINO2)N/J(NO2)Z
3 HCFC-142b 3 Roll
4 HCFC-22 4 AltCab
5

CH3CCI3

22




Table 5. Plotted Chemical Names and Formulas: P-3B

Variable Name Other Names

Lat Latitude

Lon Longitude

AltP Pressure altitude

TS Static temperature
ProjDP Project dew point
WNS Wind speed

WND Wind direction
Ozone 03

CO Carbon monoxide
Methane CH4

CO2 Carbon dioxide
NOy Reactive Nitrogen
NO Nitric oxide

NO2 Nitrogen dioxide
HNO3 Nitric acid

PAN CH3C(O)OONO2
PPN C2H5C(O)OONO2
PiBN 2(CH3)CHC(O)OONO2
OH Hydroxyl radical
HO2 Hydroperoxy radical
HO2+RO2 Total peroxy radicals
Methyl Chloride CH3Cl

Chloroform CHCI3

Ethane C2H6

Propane C3H8

i-Butane i-C4H10

n-Butane n-C4H10

i-Pentane 1-C5H12

n-Pentane n-C5HI12

Ethyne C2H2

Ethene C2H4

C3H8/C2H6 Propane-ethane ratio
C2H4/C2H6 Ethene-ethane ratio
C2H2/CO Ethyne-carbon monoxide ratio
C2H6/CO Ethane-carbon monoxide ratio
Methyl Nitrate CH30NO2

Ethyl Nitrate C2H50NO2
i-Propyl Nitrate 1-C3H70NO2
n-Propyl Nitrate n-C3H70NO2
2-Butyl Nitrate 2-C4HINO3
CFC-12 CCI2F2

H-1211 CBrCIF2

23




Table 5. Continued

Variable Name Other Names
HCFC-142b CH3CF3Cl- Freon 142b
HCFC-22 CHF2CI- Freon 22
CH3CCI3 Trichloroethane

Flag

Cl Chloride

NO3 Nitrate

Na Sodium

NH4 Ammonium

K Potassium

Ca Calcium

Mg Magnesium

SO4 Sulfate

MSA Methanesulfonic acid
SO2 Sulfur dioxide

OCS Carbonyl sulfide
H2S04 Sulfuric acid

DMS Dimethyl sulfide
Methyl lodide CH3I

Total UCN Condensation nuclei
3<UCN<8 nm Condensation nuclei
3<UCN<4 nm Condensation nuclei
CN at 300C Condensation nuclei heated
CN at 30C Condensation nuclei unheated
Scattering at 450 nm all part Scattering

Absorption at 565nm all part Absorption

DMA+OPC number Optical particles

(.007<=Dp<=20 um @ 50C)

FSSP number
(.3<=Dp<=20)

Aerosol density

DMA+OPC surface
(.007<=Dp<=20 um @ 50C)

Optical particles

FSSP surface
(.3<=Dp<=20)

Aerosol properties

DMA+OPC volume
(.007<=Dp<=20 um @ 50C)

Optical particles

FSSP volume

Aerosol properties

(.3<=Dp<=20)

PVMLWC Liquid water content
03 Col Ozone column

SZA Solar zenith angle

J[03->02+0(1D)]

Photolysis frequency

J[H202->20H]

Photolysis frequency

24




Table 5. Concluded

Variable Name Other Names
JINO2->NO+O(3P)] Photolysis frequency
J(NO2)Nadir + J(NO2)Zenith Photolysis frequency
J(INO2)Nadir/J(NO2)Zenith Photolysis frequency
Roll Roll angle

AltCab Cabin altitude

25
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Figure 2(a). TRACE-P transit flight tracks.
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Figure 2(b). TRACE-P intensive flight tracks.
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APPENDIX A
Transport and Chemical Evolution over the Pacific

(TRACE-P)

Plots are presented in a standardized format, and the data (unedited) are from the Langley
GTE archive. Relative humidity is calculated from measurements made on the aircraft.
In some cases (mostly for moist, boundary layer conditions) relative humidity may
exceed 100% (not plotted) as dew point temperature exceeded air temperature by a few
degrees (assumed to be the result of instrument measurement/calibration uncertainty).
For time series plots, abscissa time scales for given flights are identical. Ordinate scales
were selected to best represent all the data for specie measured during the flight. In order
to maintain the standardized format, plots for flights in which a specie data were not
reported are plotted with the axes and a "NO DATA" entry. On a panel with multiple
curves, if a particular curve is missing, it may be assumed that the data for that particular
specie for that particular flight is not available ("NO DATA" will not appear on a multi-
curve panel). The time series plots are followed by altitude profiles of temperature, dew
point, ozone, and carbon monoxide. In general altitude profiles are shown for
ascent/descent portions of the flights. As a result the number of altitude profiles shown

varies on a flight by flight basis.

Given below are the beginning page numbers for each flight's sequence of plots:
Flight 4P — page 33
Flight 5P — page 53
Flight 6P — page 77
Flight 7P — page 101
Flight 8P — page 123
Flight 9P — page 147
Flight 10P — page 173
Flight 11P — page 199
Flight 12P — page 227
Flight 13P — page 253
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Flight 14P — page 281
Flight 15P — page 307
Flight 16P — page 333
Flight 17P — page 361
Flight 18P — page 385
Flight 19P — page 411
Flight 20P — page 439
Flight 21P — page 465
Flight 22P — page 491
Flight 23P — page 517
Flight 24P — page 539

32



CHEMICAL and
METEOROLOGICAL DATA

TRACE-P

Flight 4P
Transit: NASA-Wallops to Palmdale, CA

Stratospheric Intrusion

February 24, 2001
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MSA, molecule/cc
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H2S04, molecule/cc
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DMA+OPC number, part./cm~3
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CHEMICAL and
METEOROLOGICAL DATA

TRACE-P

Flight 7P
Transit: Wake Island to Guam

Tropical/Subtropical Gradient

March 1, 2001
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CHEMICAL and
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TRACE-P

Flight 10P
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Aged Post-Frontal Outflow
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CHEMICAL and
METEOROLOGICAL DATA

TRACE-P

Flight 12P
Local: Hong Kong No. 4

Stratospheric Intrusion; Biomass
Burning Outflow

March 13, 2001
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MSA, molecule/cc
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H2S04, molecule/cc
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Total UCN, cm»—3
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Scattering @ 450nm, Mm—1
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CHEMICAL and
METEOROLOGICAL DATA

TRACE-P

Flight 16P
Local: Yokota No. 2

Aircraft Intercomparison;
Japan North/South

March 23, 2001
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MSA, molecule/cc
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Total UCN, cm»~—3
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FINAL DATA: TRACE-P P3-B Flight 18
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FINAL DATA: TRACE-P P3-B Flight 18
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MSA, molecule/cc
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Total UCN, cm»—3

FINAL DATA: TRACE-P P3-B Flight 18

1.2x10%
1.0x10%

8.0x10°
6.0x10°
4,O><1O3
2.0x10°

T et B,

2

N

23 24 256 26 27 28 29 30
UTC Time

[OX]

2000

1500

1000

500

3<UCN<8nm, cm~r=3

MJMJ e WL N MM htdou ] o e N

N
N

23 24 256 26 27 28 29 30
UTC Time

[OX]

400

300

200

100

3<UCN<4nm, cm~—3

N IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

" KAMMJ L All_ .|w\m.m. s " lA‘A. Aod, " W‘N\L%\A
23 24 25 26

27 28 29 30
UTC Time

[OX] IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

—_

CN @ 300C
AL I ELILL Rl L

IIIIL|,|,|,| IIIIL|,|,|,| IIIIL|,|,|| L

N
N

23 24 256 26 27 28 29 30
UTC Time

[OX]

(@]
(o))
LLBLILILLLL

CN @ 30C
S
T

S
T IIIII|T|

y A

| IIIIILL| L

| IIIIIL|,|

22

23 24 256 26 27 28 29 30
UTC Time

398

[OX]



DMA+OPC number, part./cm~3

200

150

100

50

Scattering @ 450nm, Mm—1

o ©

— — N
(o)) o ] o

Absorption @ 565nm, Mm—1

o ©

2.0x10*

1.5x10%
1.0x10*

5.0x10°

NN
o
o O
o O

(o))
o
o

FSSP number, part./cm+3

N

400

300

200

100

DMA+OPC surface, um~2/cm»3

N

FINAL DATA: TRACE-P P3-B

Flight 18

= Al particles ]
- ' .
= Y / =
o } qub o ﬁNL hkwkjr ¢ E
S . R | | A
2 23 24 25 26 27 28 29 30 3
UTC Time
F Al particl clip: max=45.6690 n
il \ J —
C 9 .
3 ))\ o “\1 y E
C , .
C . ﬂ- Lo M " A . MLHﬁmJM tea .
2 23 24 25 26 27 28 29 30 3
UTC Time
F .007<=Dp<=20um @50C ;
C % .
- L * ol * oy x ok ¥ *x ]
C . . = - &*f . X . ]
2 23 24 25 26 27 28 29 30 3
UTC Time
F .3<=Dp<=20um 3
2 23 24 25 26 27 28 29 30 3
UTC Time
E .007<=Dp<=20um @50C E
E x * ¥ x - E
E_ * : * - * * _E
E . . . . *&% . . xx. . E
2 23 24 25 26 27 28 29 30 3
UTC Time

399

—_

—_

—_

—_

—_



FSSP volume, um+r3/cm+~3

FSSP surface, um~2/cm+3

4x10°

3x10°
2x10°

1x10°

N

30
25

20
15
10

DMA+OPC volume, um~3/cm+3

2.0x10°

1.56x10°
1.0x10°

5.0x10%

0.20

PVMLWC, g/m~3
© © o9
o —_ —_
o o o

©
o3
o ©

FINAL DATA: TRACE-P P3-B Flight 18

E 3<=Dp<=20um E

3 || R . N . A 3

2 23 24 25 26 27 28 29 30 3
UTC Time

E .007<=Dp<=20um @50C x = E

E_ * :( x X * . _E

2 23 24 25 26 27 28 29 30 3
UTC Time

F 3<=Dp<=20um ]

- o . l L . nllhu .

2 23 24 25 26 27 28 29 30 3
UTC Time

- , Abdud . Ah . | [ . . Lo My .

2 23 24 25 26 27 28 29 30 3
UTC Time

LEFT BLANK

400

—_

—_

—_

—_



1/s

J(03),

1/s

J(H202),

J(NO2), 1/s

03CoL, bu

500

450

400

350

300
2

0.020

0.015

0.010

0.005

0.000

2

FINAL DATA: TRACE-P P3-B Flight 18

N

23

24

25

26

UTC Time

29

30

[OX]

N IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

23

24

25

26

UTC Time

29

30

[OX] IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

—_

N IIIIIIIII|IIIIIIIII|II

23

24

25

26

N [ 1]
~
N [ 1]
2]

[OX] IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

—_

UTC Time

29

30

N

23

24

25

26

N [ 1]
~
N [ 1]
2]

[OX]

UTC Time

29

30

—_

—_

N

23

24

25

26

401

N [
~
N [
2]

[OX]

UTC Time

29

30

—_



J(NO2)N+J(NO2)Z, 1/s

AltCab, feet

FINAL DATA: TRACE-P P3-B Flight 18

0.020

0.015

0.010

0.005

0.000

23 24 256 26 27 28 29 30
UTC Time

2

N

[OX]

1.2
1.0

0.8
0.6
0.4

0.2
0.0

J(NO2)Nadir /J(NO2)Zenith

23 24 256 26 27 28 29 30
UTC Time

N
N

[OX]

60
40

20

Roll, degs

O . L
-20
—-40 . . . . . . .

2 23 24 256 26 27 28 29 30
UTC Time

N

[OX]

5000 ' ' ' ' ' ' ' '
4000
3000
2000
1000
[

—-1000

22 23 24 256 26 27 28 29 30
UTC Time

402



Profile # 1 TRACE—P P3-B Flight 18

8 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 8 T T I T T T I T T T I T T T I T T
— ProjDP Ozone
— - StatTempDegC
61 61
r23:28 r23:28
~— E ~—
£ F2324 2 & F23:24
g 4 R
= =2
< 23212 X L 23:21
=
2r -23:17 2r -23:17
O|||||||||||||||||||||||||||||||||||||||_23:13 0 oo b by by by _23:13
-30 -20 -10 0 10 0 20 40 60 80 100
ProjDP and Temperature, C Ozone, ppbv
8 T T T I T T T I T T T I T T T
Cco
6_
r23:28
= ;
= NO DATA [?*:
~ <
U 4r o
: £
2 F23:21 2
=
2T F23:17
0] IR ST N T S N S NN ST S W N N T S _23:13
0 50 100 150 200

CO, ppbv

403

UTC Time hh;mm



Profile # 2 TRACE—-P P3-B Flight 18

8 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
— ProjDP
— - StatTempDegC
6
€
B €
X <
~ <
g 4 :
= =
= F24:45 o
< =
>
2 -
F24:48
O IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII\IIIII_24:52
-60 -50 —40 -30 -20 -10 0 10
ProjDP and Temperature, C
8 TTTT I TTTT I TTTT I TTTT I TTTT I TTTT
CO
6 -
€
B £
X e
~ e
g4t :
= [~
= r24:45 O
< =
>
2 I %
-24:48
O 111 1 I 1111 I 1111 I 111 1 I 1111 I 111 1 _24:52

0 50 100 150 200 250 300

CO, ppbv

404

Altitude, (km)

8

0

Ozone

F54:43

-24:45

UTC Time hh;mm

-24:48

Lol b T b Ly 2452

0

20 40 60 80 100
Ozone, ppbv



Altitude, (km)

Altitude, (km)

Profile # 3 TRACE—P P3-B Flight 18

8 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
— ProjDP
— - StatTempDegC
6_
€
£
<
<
- [
¢ €
'_
o
'_
>
-25:42
2r - 25:39
F25:37
-25:35
O ||||||||||||||||||||||||||||||||||||||||||||TT|||_25:32
-40 -30 -20 -10 0 10
ProjDP and Temperature, C
8IIIIIIIIIIIIIIIIIIIIIIIIIIIII
CO
6_
€
£
e
e
- [
¢ €
'_
O
'_
>
-25:42
2r - 25:39
r25:37
-25:36
O||||||||||||||||||||||||||||_25:32
0 50O 100 1B0 200 250 300
CO, ppbv

405

Altitude, (km)

8 T T T I T T T I T T T I T T T I T T T
Ozone

6 -

4 -
-25:42

2r - 25:39
-25:37
-25:36

0] IR NS T S NS e NS WA NS F25:32

0 20 40 60 80 100

Ozone, ppbv

UTC Time hh;mm



Altitude, (km)

Altitude, (km)

Profile # 4 TRACE—P P3-B Flight 18

8 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
— ProjDP
— - StatTempDegC
6_
€
€
<
<
- [
! £
'_
O
'_
=)
r26:00
2_
-26:08
-26:25
O IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_26:30
-50 -40 -30 -20 -10 O 10
ProjDP and Temperature, C
8IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Cco
6_
€
€
<
e
- [
! €
'_
O
'_
=)
- 26:00
2_
-26:08
r26:25
O IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_26:30
0 100 200 300 400
CO, ppbv

406

Altitude, (km)

8 T T T I T T T I T T T I T T T I T T T
Ozone
6 -
4 -
2 -
O 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
0 20 40 60 80 100

Ozone, ppbv

r26:00

- 26:08
r26:28

-26:30

UTC Time hh;mm



Profile # 5 TRACE—P P3-B Flight 18

8 T T T I T T T I T T T I T T T I T T T
— ProjDP
— - StatTempDegC
6 -
. €
£ €
X <
~ <
U 4r ©
E 26:49 E
z TR
>
-26:46
2 -
F26:43
F26:40
O 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 >I 1 _26:37
-80 -60 -40 -20 0 20
ProjDP and Temperature, C
8 L I T T I T T I T T I T 1T
CO
6 -
. €
£ €
X e
~ e
U 4r o
s £
= -26:49 ©
>
-26:46
2 -
-26:43
-26:40
O 11 1 | I 11 1 1 I 11 1 1 I 11 1 1 I 1 1 1 _26:37
0 a]0} 100 160 200 250

CO, ppbv

407

8

Altitude, (km)
N

Ozone

r26:49

- 26:46

r26:43

- 26:40

v v ey vy F26:37

0 20 40 60 80 100
Ozone, ppbv

UTC Time hh;mm



Profile # 6 TRACE—P P3-B Flight 18

8 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
— ProjDP
— - StatTempDegC
6 -
€
B €
X <
~ <
U 4 o
E £
= - 26:49 o
r26:52 5
21 -26:54
-26:57
-27:00
O IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
-60 -h0 —40 -30 =20 -10 0O 10
ProjDP and Temperature, C
8 L I T T I T T I T T I T 1T
Cco
6 -
€
B €
X e
~ e
U 4 o
E £
= - 26:49 ©
r26:52 5
21 -26:54
r26:57
-27:00
O 11 1 | I 11 1 1 I 11 1 1 I 11 1 1 I 11 1 |
0 50 100 160 200 250
CO, ppbv

408

8 T T T I T T T I T T T I T T T I T T T
Ozone
6 -
€
€ £
X e
~ =
U 4r o
2 £
= r26:49 ,
-26:52 5
2t r26:54
-26:57
r27:00
O 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
0 20 40 60 80 100

Ozone, ppbv



Altitude, (km)

Altitude, (km)

Profile # 7 TRACE—P P3-B Flight 18

8 T T T I T T T I T T T I T T T
— ProjDP
— - StatTempDegC
6_
€
€
-28:31 <
<
- [
! £
'_
O
'_
=)
2_
r28:25
-28:18
(o] I -28:04
-60 —-40 -20 0 20
ProjDP and Temperature, C
8 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Cco
6_
€
€
-28:31 <
e
- [
! €
'_
O
'_
=)
2_
- 28:25
-28:18
O IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_28:04
0 100 200 300 400 H0OO
CO, ppbv

409

Altitude, (km)

8IIIIIIIIIIIIIIIIIIIIIIIIIIIII
Ozone
6_
4_
2_
OIIIIIIIIIIIIIIIIIIIIIIIIIIII
0O 20 40 60 80 100 120 140
Ozone, ppbv

-28:31

r28:25

r28:18
-28:04

UTC Time hh;mm



Profile # 8 TRACE—P P3-B Flight 18

8 T T T I T T T I T T T I T T T
— ProjDP
— - StatTempDegC
6 -
F29:37
. €
£ £
< £
.‘g 4 - 30:29 “E’
2 [
z -30:13 2
)
2
0 .., [30:25
-60 —-40 -20 0 20
ProjDP and Temperature, C
8 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Cco
6 -
r29:37
. €
£ £
< £
g 4 -30:89 2
2 [=
z -30:13 2
)
2 -
O 1111 I 1111 I 1111 I 1111 I 1111 I 1111 I 1111 B 30:25
0 B0 100 150 200 2B0 300 350

CO, ppbv

410

Altitude, (km)

8IIIIIIIIIIIIIIIIIIIIIIIIIIIII
Ozone
6_
4_
2_
OIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0O 20 40 60 80 100 120 140
Ozone, ppbv

r29:37

UTC Time hh;mm

30:25



CHEMICAL and
METEOROLOGICAL DATA

TRACE-P

Flight 19P
Local: Yokota No. 5

ACE-Asia; Moist Conveyor Belt;
TERRA Underpass

April 2, 2001

411




412



Temperature, DegC

WND, degs

WNS, knots

45

FINAL DATA: TRACE-P P3-B Flight 19

o
o

N > OO

o -
o

AltP, km

20
10

-10
=20
-30

-40
-50

[o4]
o

N > [e2]
o o o
TTT | TTT | TTT | TTT

o

360

270

180

()
o

o IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

o

Ommnmnmnrpnmnqmnmqmﬂnﬂ?mrqmm

150

Sl e by
o

2 3 4

UTC Time

5

(e}

o ™~ A,
J L/

UTC Time

(e}

o

2 3 4

UTC Time

5

(e}

2 3 4

413

UTC Time

5

© IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII



Ozone, ppbv

CO, pptv

Methane, ppbv

FINAL DATA: TRACE-P P3-B Flight 19

100

80

60

40

20

4 5} 6 7 8
UTC Time

o
Nk
[&]]

(e}

600
500

400

[ 1
300 et W w - )\w\ L
200 e R \m» L ,J

100

1 2 3 4 5] 6 7 8
UTC Time

o

(e}

1950
1900
1850

. ﬂww/wwm f”wm«ww“i\\ﬂ m\‘ﬂ M/MWWVNAL M“\m\‘f

1700

4 5} 6 7 8
UTC Time

o
Nk
[&]]

(e}

385 ' ' clip: max=396.030

Y WY .

0 1 2 3 4 5] 6 7 8
UTC Time

(e}

4 . : r :
1.5x10 Preliminary clip: max=21039.0

0 N e

A
(\\ﬂ A\ /Y ﬂ N a M
. ’ "r*\] \L.W,*rwﬂf‘( J\.,Avﬂ\} 1,’ g
5 6

0 1 2 3 4 7 8

UTC Time

414

(e}



NO2, pptv

HNO3, pptv

PAN, pptv

100

o

1000
800

600

400

200

1000
800

600

400

200

2000

1500

1000

500

o

N
(&)

PiBN, pptv
— — N
o (6)] o

o o

FINAL DATA: TRACE-P P3-B Flight 19

= clip: max=5984.60 g
whsdo bl |
W M L
0 1 2 3 4 5] 6 7 8 9
UTC Time
- clip: max=10298.8 ;
3 y 1] r 3
- N v g
— (AN * 'WL 'lb \ j’\' . f‘)’ t =
= LS — “w " . M’uf ) “H\NMM}' .v‘”* v‘r NVW\M W VLU .
0 1 2 3 4 5] 6 7 8 9
UTC Time
: W’\WJL’ WWM O Wy
0 1 2 3 4 5] 6 7 8 9
UTC Time
- ' ' ' ¢ ' ' »~— « PAN mixing ratio 3
- & o o— -o PPN mixing rd[tio 3
3 / S
: Jﬂfﬁﬂ
0 1 2 3 4 5] 6 7 8 9
UTC Time
5 TS 3 . 5 6 . g E

UTC Time

415

300



OH, molecule/cc

FINAL DATA: TRACE-P P3-B Flight 19

1.5x107 -
1.0x107 - =
5.0x108 - —
C ’ ]
oE WA ! W MJM.VLM).» I n
-5.0x10°E . .
0 1 2 3 4 5 6 7 8 9
UTC Time
- 1.0F .
l E .
£ 0.8 —
(I) I -
§ o6 NO DATA E
=) — -
g - .
5 041 ]
€ o 7
o 02 —
o - .
T o.oC . , , , . . m
0 1 2 3 4 5 6 7 8 9
UTC Time
i 8
1 8x10°[ ' ]
£ C ]
(8] - -
b ex108 | —
o = | -
3 C V\ ’
3 4x10° = 'W\ .
: i :
o 8 l
2x10° — \W —
§ 2x108f W
+ : g :
8§ o . . . - - -
T 0 1 2 3 4 5 6 7 8 9
UTC Time
700 7
> — -
2 F .
2 650 — 3
g C .
:9 - —
S 600 I
Ny — -
) - ]
2 550 —
(5] | .
= - -
500 . . . . . . .
0 1 2 3 4 5 6 7 8 9
UTC Time
S0E 3
> 40 3
Q. = =
e E E
ke E 3
o 20F- =
s E E
5 10 =
0 1 2 3 4 5 6 7 8 9
UTC Time

416



3500
3000

2500
2000

Ethane, pptv

1500

1000
500

2000

1500

1000

Propane, pptv

500

Butane, pptv
N
o
S

200

0

300
2z

2 200
m
[
S

€ 100
o

0

2000

- 1500
=
Q.

g 1000
[=
2

500

0

FINAL DATA: TRACE-P P3-B

Flight 19

0 1 2 3 4 5] 6 7 8 9
UTC Time

0 1 2 3 4 5] 6 7 8 9
UTC Time

- »~ « i—Butane g

- o— -o N—Butane n

0 9
UTC Time

E ' »~ «i—Pentane 3

- o— -o N—Pentane 3

E o Sessssurssss E

0 1 9
UTC Time

0 1 2 3 4 5] 6 7 8 9
UTC Time

417



C3H8,/C2H6

0.30
0.25

C2H4 /C2H6

0.05
0.00

C2HB/CO

Ethene, pptv
N
o
S
III|III|III|III

0.20
0.15
0.10

C2H2,/CO
W

FINAL DATA:

TRACE—-P P3-B Flight 19

o

4

A M

UTC Time

(e}

0.7
0.6

0.5
0.4
0.3

0.2
0.1

o

4

UTC Time

5

(e}

o

4

UTC Time

5

(e}

(&)

N

N

—_

*‘*K I‘*lxl -~ {& irx

* o i

Fi

ek

= ¥

o IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

UTC Time

© IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

[e)]

t,r *“‘ I#

* s ™ *‘

X
*

*flil o *‘ ¥

I

%
;’S(I‘ %

I
.

o

4

418

UTC Time

(e}



FINAL DATA: TRACE-P P3-B Flight 19

~

«— « Blake
o— -o Atlas

(0]

o

Methyl Nitrate, pptv

N W

N
o ||||||||I|I|||||||I|I|||||||||||||||||||I|I||I|I|

© IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

o

«— « Blake
o— —o Atls

[0}

Ethyl Nitrate, pptv

4 5 6 7 8
UTC Time

o
N
[&]]
(o]

30
25

«— « Blake
o— -o Atlasg

] f"
20
15

10

i—Propyl Nitrate, pptv
T[T T T[T
oo

5 -
0 . . . . . .
0 1 2 3 4 b 6 7 8 9
UTC Time
5 E o -o At 3
s A L =
v E =
8 3E ; ) =
z E I E
= 2E \ ! =
Q E 3
e E i v ; 3
a 1 3 =
-
OE N N N N N N N N =
0 1 2 3 4 b 6 7 8 9

UTC Time

(o)l
o

«— « Blake
o— -o Atlas

N
o

N
(@]
o IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

W
o

o

2—Butyl Nitrate, pptv

o

© IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

1 2 3 4 5] 6 7 8
UTC Time

419



570

560

550

CFC—12, pptv

540

530

4.8

4.6

4.4

4.2

H-1211, pptv

4.0
3.8

HCFC—142b, pptv
)

N

NN
N D
o O

HCFC—22, pptv
N
o
o

48
46

44
42
40

CH3CCI3, pptv

38
36

FINAL DATA: TRACE-P P3-B Flight 19

o IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

UTC Time

© IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

o

2 3 4 5 6

UTC Time

(e}

«— « Blake
o— -o Atlas

o

2 3 4 5 6

UTC Time

(e}

«— « Blake
o— -o Atlas

2 3 4 5 6

UTC Time

(e}

o

2 3 4 5 6

UTC Time

420

(e}



Cl, pptv

NO3, pptv

Na, pptv

NH4, pptv

FINAL DATA: TRACE-P P3-B Flight 19

Flag
I
I

o
N
(&1}
N
(o]
[0)]
~
4]
[Ce]

UTC Time

3000
2500

2000
1500
1000

500

o
N
w F
N
(o]
[0)]
[Ce]

UTC Time

6000
5000

4000
3000
2000
1000

o
N
w F
N
(o]
[Ce]

UTC Time

3000

2000

1000

L= L F

(e}

4 5]
UTC Time

o
N
[&Y]

10000
8000

6000

4000

2000

4 5]
UTC Time

L
I
b

(DIII|III|III|III|III
—

o
N
[&Y]
[(e]

421



MSA, molecule/cc
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TRACE-P

Flight 20P

Transit: Yokota AFB, Japan to
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High Altitude Asian Outflow
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NO, pptv

HNO3, pptv
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OH, molecule/cc

HO2+R02, molecules—cm~—3
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C3H8,/C2H6 Ethene, pptv

C2H4 /C2H6
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Cl, pptv
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MSA, molecule/cc
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H2S04, molecule/cc

Methyl lodide, pptv
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CN @ 300C

FINAL DATA: TRACE-P P3-B Flight 20

8000

6000
4000

2000

0 \JWLJLL - A My P

2 24 2b 26 27 28 29 30 31
UTC Time

Total UCN, cm~—3

[6X)
[&X]

2

400

300

200

100

3<UCN<8nm, cm~-3

[6X] IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII
[&X] IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

V
bt ‘pf W\WM\.L U RS BW,. SN SR WO
26 27

24 2b 28 29 30 31
UTC Time

150

100

50

0 b MLL %\W‘M‘Z}L — TN i

23 24 25 29 30 31

3<UCN<4nm, cm~—3

[&X]
N

UTC Time

10000.0

1000.0 \W %‘
100.0 N [l JWWWJ
10.0

1.0

0.1 . \ \ . . . . .
23 24 2b 26 27 28 29 30 31
UTC Time

‘. Wwww J‘

[&X]
N

10000 '
1000 J MJ ’l W‘

100

CN @ 30C
T T T —T 7Ty T
Cod ool ol 1

24 2b 26 27 28 29 30 31
UTC Time

2

W
[&Y]
N

452



DMA+OPC number, part./cm»3

FSSP number, part./cm+3

FINAL DATA: TRACE-P P3-B Flight 20

80 All particles
60

40

20

Scattering @ 450nm, Mm—1

o

(m W’”‘ o |
\N{H\J“ e, ™ ‘ wﬁ‘fﬁfhmwfv ‘ﬂ.'lv-»-\l\ﬂ,l
24 26 28 29

2b 27 30 31
UTC Time

N
W

[&X]
N

(o]

All particles

[ep]

N

N
|||||||||||||||

Absorption @ 565nm, Mm—1

o

e L Lw.'“'h./\,d. A v”m«M‘du.m h“\..l TR

24 2b 27 29 30 31
UTC Time

N
W

[&X]

8000 [,507<=Dp<=20um @50C

6000
4000

2000

0 X * N N I,x’;* f xx .:M * f

24 2b 26 27 28 29 30 31
UTC Time

N
W

[&X]

1200
1000

3<=Dp<=20um

800
600
400
200

o

Y L S T

24 2b 26 27 28 29 30 31
UTC Time

N
W

[&X]

x007<=Dp<=20um @50C

o N
o O

[e2]

o
III|III|III|III|III|III

*

[o4]
o

DMA+OPC surface, um~2/cm»3

40 N * iy x *
x x X gy « x
20 i} * * . ’5&; x "
0 . . . i . . . -
23 24 25 26 27 28 29 30 31 3
UTC Time

453



4x10°

3x10°
2x10°

1x10°

FSSP surface, um~2/cm+3

N

DMA+OPC volume, um~3/cm+3

1.5x10°

1.0x10°

5.0x10%

FSSP volume, um+r3/cm+~3

1.0
0.8

0.6

0.4

PYMLWC, g/mn~3

0.2
0.0

FINAL DATA: TRACE-P P3-B Flight 20

3<=Dp<=20um

ct

l

L

[6X] IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

24 25 26

27 28
UTC Time

29

30

31

[&X] IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

2

007<=Dp<=20um @50C

W

24 25 26

27 28
UTC Time

[&X]
N

3<=Dp<=20um

i

W

24 25 26

27 28
UTC Time

29

30

31

[&X]
N

23

N

24 25 26

27 28
UTC Time

29

LEFT BLANK

454

30

31

[&X]
N



J(03),

J(NO2), 1/s

X SZA, deg 03COL, DU
C)I
(&)

|||||||||||||||

o
X
P
C)I
o
IIII|IIII|IIII|IIII

FINAL DATA: TRACE-P P3-B

Flight 20

420
400

380
360
340
320

300
280

2

W

24

25

26

27

28
UTC Time

29

30

31

[&X]

2

120

100

80

60

N
W

24

25

26

27

28
UTC Time

29

30

31

[&X]
N

N
W

24

25

26

27

28
UTC Time

29

30

31

[&X]
N

N
W

24

25

26

27

28
UTC Time

29

30

31

[&X]

2

0.025

0.020

0.015

0.010

0.005

0.000

2

W

24

25

26

27

455

28
UTC Time

29

30

31

[&X]

2



AltCab, feet

J(NO2)N+J(NO2)Z, 1/s

FINAL DATA: TRACE-P P3-B

Flight 20

0.025

0.020

0.015

0.010

0.005

0.000

2

W

24

25

26

27

28

UTC Time

29

30

31

[&X]

2

1.2
1.0

0.8
0.6
0.4

0.2
0.0

J(NO2)Nadir /J(NO2)Zenith

N
W

24

25

26

27

28

UTC Time

29

30

31

[&X]
N

40

20

Roll, degs
o

=20

-40

N
W

24

25

26

27

28
UTC Time

29

30

31

[&X]
N

6000

4000

2000

-2000

23

24

25

26

27

456

28
UTC Time

29

30

31

[&X]
N



Altitude, (km)

Altitude, (km)

Profile # 1 TRACE—P P3-B Flight 20

CO, ppbv

8 T T T I T T T I T T T I T T T
— ProjDP
— - StatTempDegC
6_
F23:37
:
r23:33 =
<
- [
! £
- v l_
23:30 O
'_
)
2 -
F23:26
0 L F23:23
-60 —-40 -20 0 20
ProjDP and Temperature, C
8 T T T T I T T T T I T T T T I T T T T
Cco
6_
r23:37
:
r23:33 =
NO DATA £
- [
! €
-23:30 "
O
'_
)
2 -
-23:26
O|||||||||||||||||||_23:23
0 50 100 150 200

457

Altitude, (km)

8 T T T I T T T I T T T I T T T I T T T
Ozone
6_
r23:37
:
r23:33 =
e
L ©
* E
-23:30"
)
'_
=)
2_
r23:26
O||||||||||||||||||_23:23
0 20 40 60 80 100
Ozone, ppbv



Profile # 2
8 T T I T T T I T T T I T T T I T T
— ProjDP
— - StatTempDegC
6
€
c 24:20 £
X <
~ <
U 4 o
2 £
< S
=)
-24:26
2
r24:32
O 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
-80 -60 -40 -20 0 20
ProjDP and Temperature, C
8 T TT I T TT I T TT I T TT I T T
co
6 -
S
c 24:20 £
X e
~ <
o - [
: £
< e
>
-24:26
é r24:32
1111 I | - I | - I | - I 1111
0 50 100 150 200 250
CO, ppbv

458

Altitude, (km)

8

TRACE-P P3-B Flight 20

Ozone

r24:26

r24:32

0

0O 20 40 60 80 100 120 140
Ozone, ppbv

UTC Time hh



Profile # 3 TRACE—P P3-B Flight 20

N

Altitude, (km)

Altitude, (km)

T T T I T T T I T T T I T T T 8 T T I T T T I T T T I T T T I T T
— ProjDP Ozone
— - StatTempDegC
r26:17 6r r26:17
€
€ €
-25:66 £ ~ - 25:56
< ~
o o 4
£ 3
SEE
=)
- 25:35 - 25:35
- 2 -
r25:14 -25:14
_24:52 O 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 _24:52
-60 -40 -20 0 20 0 20 40 60 80 100
ProjDP and Temperature, C Ozone, ppbv
IIIIIIIIIIIIIIIIIIIIIIII
co
r r26:17
S
£
-2b5:66 £
<
- [
£
'_
O
'_
>
- 25:35
-25:14
IIIIIIIIIIIIIIIIIIIIIIII_24>:52
0 50 100 150 200 250

CO, ppbv

459

UTC Time hh;mm



Altitude, (km)

Altitude, (km)

Profile # 4 TRACE—P P3-B Flight 20

8 T T T I T T T I T T T I T T T 8 L I T T I T T I T T I 1T
— ProjDP Ozone
— - StatTempDegC
6 -26:37 6 -26:37
E ~—
F26:42 & € - 26:42
< ~
4+ o G 4
£ 3
SEE
=
-26:48 -26:48
2 2
-26:54 - 26:54
O|| —27:00 O|||||||||||||||||||'27:00
-60 -40 -20 0 20 0 20 40 60 80 100
ProjDP and Temperature, C Ozone, ppbv
8IIIIIIIIIIIIIIIIIIIIIIII
Cco
6 -26:37
:
-26:42 =
<
- [
! £
'_
&)
'_
=
-26:48
2 -
- 26:54
O|||||||||||||||||||||||—27:00
0 50 100 150 200 250

CO, ppbv

460

UTC Time hh;mm



Altitude, (km)

Altitude, (km)

Profile # 5 TRACE—P P3-B Flight 20

CO, ppbv

8 T T T I T T T I T T T I T T T
— ProjDP
— - StatTempDegC
or - 28:46
€
L 28:24 £
-y
~
- (]
* £
'_
o
-28:02 5
2r L 27:41
O - —2719
-60 —40 -20 0 20
ProjDP and Temperature, C
8IIIIIIIIIIIIIIIIIIIIIIIIIIIII
co
or - 28:46
€
L 28:24 £
=
=
- (]
* £
'_
(@]
-28:025
2r L 27:41
O||||||||||||||||||||||||||||—27:19
0O BO 100 150 200 250 300

461

Altitude, (km)

8 1T I T TT I T TT I 1T I 1T I T TT
Ozone
er - 28:46
-28:24
4 -
- 28:02
2r -27:41
O L1 | L1 | L1 L1 | L1 | L1 —27:19
0 20 40 60 80 100 120
Ozone, ppbv

TC Time hh:mm

U



Altitude, (km)

Altitude, (km)

Profile # 6 TRACE—P P3-B Flight 20

CO

N
T

0 100 150 200 250 300
CO, ppbv

er - 29:06
L 29:11
L 29:16

2_
r29:22
O||||||||||||||||||||||||||||—29:27

8 T T T I T T T I T T T I T T T I T T T
— ProjDP
— - StatTempDegC
r -29:06
€
€
r29:11 £
- [
¢ €
'_
O
'_
)
29:16
2 -
F29:22
O 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I I\I _29:27
-80 -60 -40 -20 0 20
ProjDP and Temperature, C
8IIIIIIIIIIIIIIIIIIIIIIIIIIIII

UTC Time hh;mm

462

Altitude, (km)

8 T T T I T T T I T T T I T T T I T T T
Ozone
er L 29:06
r29:11
4 -
-29:16
2 -
r29:22
O 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 _29:27
0 20 40 60 80 100
Ozone, ppbv

UTC Time hh;mm



Profile # 7 TRACE—P P3-B Flight 20

N

Altitude, (km)

Altitude, (km)

IIIIIIIIIIIIIII 8IIIIIIIIIIIIIIIIIIIIIIIIIII
— ProjDP Ozone
— - StatTempDegC
6 -
v r30:52 - 30:52
\ € .
A -
\( £ X
\ g L4
\ -
\ o =z
? - 30:38 o r30:38
\
%
\
- 2 -
- 30:03 - 30:03
PRI R N T T 29:46 O|||||||||||||||||||||||||| 29:46
-60 -40 -20 0 20 0O 20 40 60 80 100 120 140
ProjDP and Temperature, C Ozone, ppbv
T T T I T T T I T T T I T T T
co
- 30:52
S
g
e
<
- [
£
'_
2
r30:38 >
- 30:03
||||||||||||||||||29:46
0 50 100 150 200

CO, ppbv

463

UTC Time hh;mm



Profile # 8 TRACE—P P3-B Flight 20

Altitude, (km)

Altitude, (km)

T T T I T T T I T T T I T T T 8 T T I T T T I T T T I T T T I T T
— ProjDP Ozone
— - StatTempDegC
6 -
- 30:53 - 30:53
E ~—
E
< X
< ~
- qE) % 4|
-
30:58 © = 30:58
=)
- 2 -
-31:02 -31:02
1 ; : §1 598 O 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 : g1 598
-60 -40 -20 0 20 0 20 40 60 80 100
ProjDP and Temperature, C Ozone, ppbv
T T T I T T T I T T T I T T T
co
- 30:53
S
g
e
<
- [
! £
'_
- 30:58 (,
'_
>
-31:02
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 :g1 598
0 50 100 1560 200

CO, ppbv

464

UTC Time hh;mm



CHEMICAL and
METEOROLOGICAL DATA

TRACE-P

Flight 21P
Local: Midway No. 1

Aged Asian Pollution;
Stratospheric Influence

April 6, 2001

465




466



AltP, km

N D
o O

o

|
N
o

Temperature, DegC
I
N
o

|
(o)
o

|
[os]
o

WNS, knots

WND, degs

N W »
o o o
o IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

o

o

360

270

180

()
o

o IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

o

FINAL DATA: TRACE-P P3-B

Flight 21

IIII|IIII|IIII|IIII

130

140

150

160 170
Lon, deg

180 190

N
o

0

o

—_

7S

o

10 11 12
UTC Time

13 14

—_

10 11 12
UTC Time

13 14

- IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

~

10 11 12
UTC Time

467

13 14

- IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

5



100

80

60

Ozone, ppbv

40

N
o

250

CO, pptv
- - N
o o o
S S S

(o)l
o

1860
1840

1820
1800
1780
1780

1740
1720

Methane, ppbv

377
376

g 375
e 374
8 373
372
371

1400
1200

1000
800
600
400
200

NOy, pptv

o

o III|III|III|III|III|III|III

FINAL DATA: TRACE-P P3-B Flight 21

o

(6]

10 " 12 13 14

o IIII|IIII|IIII|IIII

,JM *1f* \| W ,ﬁw NMWWJ*W\ . jmﬂm

- IIII|IIII|IIII|IIII

10 13 14
uTC Tme

L
W M w

o III|III|III|III|III|III|III

P

- III|III|III|III|III|III|III

UTC Time

o

P

T, e

(6]

UTC Time

Preliminary

/G}
S

E.

T3
——
<

r}
>
=39
4
2
=
—
—_
<
F
£
=~
~
S~
[ ‘iL ]
=
=
T
é
—_ III|III|III|III|III|III|III



NO, pptv
- N [6X] > (0] [©2IRN|

200

150

100

NO2, pptv

50

1200
1000

800
600

HNO3, pptv

400
200

100

W
o

PiBN, pptv
= NN
o o o

o

© o
o w

FINAL DATA: TRACE-P P3-B Flight 21

| l
6 7 8 9 10 11 12 13 14 15
UTC Time
- clip: max=635.300 -
= # \ J [ﬂ ¥ M E
- ¥k A "*h My ) " .
C V’f"q W r M/ J W ]
SR I IR O ST O™ s
6 7 8 9 10 11 12 13 14 15
UTC Time
6 7 8 9 10 11 12 13 14 15
UTC Time
= «— « PAN ‘mixing ratio 420
S o— -0 PPN mixfhg ratio 3
= —540
E —ESO
E R —§2O
3 g
= 510
= , 3o
6 7 15
UTC Time
6 7 8 9 10 11 12 13 14 15
UTC Time

469



OH, molecule/cc

2.5x108
2.0x108

1.6x10°8
1.0x108
5.0x10°

~5.0x10°
~1.0x108

HO2+R02, molecules—cm~—3

FINAL DATA: TRACE-P P3-B Flight 21

12 13 14

[e2]
~
(o 4]
o
o

UTC Time

- IIII|IIII IIII|IIII|IIII|IIII|IIII

o

o
I3

©
o

NO DATA

HO2, molecules—cm~=3
o
>

o ©
o N

10 11 12 13 14
UTC Time

[e2]
~
o |
©

(6]

(6]
X
PN
(@]
0]

4x108
3x108
2x108

1x108

o

2 IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII
—_—
=
<<
L — i
—;
—

UTC Time

- IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

640
620

«— « Blake
o— xo Atlas

600
580
560

Methyl Chloride, pptv

540
520

III|III|III|III|III|III
—

10 11 12 13 14
UTC Time

[e2]
~
o |
©

—_

5

N N W
o [6)] o
T[T T[T TTTTToTT

Chloroform, pptv
o

o O

10 11 12 13 14
UTC Time

[e2]
~
o |
©

470

(6]



2000

1500

1000

Ethane, pptv

500

500

400

[¢1]
o
o

N
o
o

Propane, pptv

o
o O

o IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

o] [02]
o o
TTT | TTT | TTT | TTT

Butane, pptv
N
o

N
o

Pentane, pptv
— — N
o [} o [}
TTT T[T T[T [TrT]

o

N (6N} »
o o o
o o o

Ethyne, pptv

o
o O

o IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

FINAL DATA: TRACE-P P3-B

Flight 21

o

8 9 10 "

UTC Time

12 13 14

—_

5

UTC Time

12 13 14

- IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

»~ « i—Butane
o— —o n—Butonq

b

o

8 9 10 "

UTC Time

12 13 14

(6]

—~x i—Pentane
o— -o N—Pentane

-

o

8 9 10 "

UTC Time

12 13 14

—_

5

8 9 10 "

UTC Time

471

12 13 14

- IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII



C2H4/C2H6

C3H8,/C2H6

Ethene, pptv

14
12

10

N O

0.25

0.20

0.05

0.00

0.020

0.0

0.0

15

10

0.005

0.000

C2H2,/CO

C2HB/CO

N

[€X]

N

—_

o

FINAL DATA: TRACE-P P3-B Flight 21

6 7 8 9 10 11 12 13 14 156
UTC Time

6 7 8 9 10 11 12 13 14 156
UTC Time

6 7 8 9 10 11 12 13 14 156
UTC Time

E e E

— ™ * I i ] —

E h* fﬁ * ***1 *‘*L;; .f 7 E

%— e Sl e *;,J "‘ ;‘i!“ I‘;* *‘i‘ _%

6 7 8 9 10 11 12 13 14 156
UTC Time

- . "t}}% ~

] I k L il E

C } Mo i 5 ; ; ]

— g Forg .}I"; ﬁ %‘P*liﬂ; **J }**‘Ik’*t* ]

6 7 8 9 10 11 12 13 14 156
UTC Time

472



Methyl Nitrate, pptv

i—Propyl Nitrate, pptv

n—Propyl Nitrate, pptv

2—Butyl Nitrate, pptv

FINAL DATA: TRACE-P P3-B Flight 21

4.0F «— « Blake -
C o— -o Atlas ]
3.5— —]
3.0 —
25F =
20F =
1.5E ) ) 3
6 8 9 10 11 12 13 14 15
UTC Time
4E «x Blake E
> E o— -o Atlas E
R 3E =
s E 3
g2 E
z E =
2E =
5 OE =
0E , , 3
6 8 9 10 11 12 13 14 15
UTC Time
10 F «— « Blake 1
- o— -o Atlas -
8= -
6 =
4 s
2 =
oF ]
6 15
UTC Time
1.5 «— « Blake -
= o— -o Atlas -
1.0 -
0.5 -
0.0C ]
6 15
UTC Time
10 F «— « Blake 1
- o— -o Atlas -
8= -
6 =
4 =
2 =
oF ]
6 15

UTC Time

473




550

545

CFC—12, pptv

540

535

530

525

HCFC-22, pptv HCFC—142b, pptv H-1211, pptv

CH3CCI3, pptv

FINAL DATA: TRACE-P P3-B Flight 21

| 3
!’1

»
)
o

>
I

>
N
III|III|III|III

>
o

W
00

[e)]

> (6]

[6X)

N

o IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

165

160

155

150

145
140

> ~ »
o = N
o L L R

W
o)

W
[00]

8 9 10 11
UTC Time

12

13

(6]

«— « Blake
o— xo Atlas

o

8 9 10 11
UTC Time

12

13

(6]

—%

«— « Blake
o— -o Atlas

8 9 10 11
UTC Time

12

13

- IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

«— « Blake
o— -o Atlas

o

8 9 10 11
UTC Time

12

13

—_

5

UTC Time

474

12

13

- IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII



FINAL DATA: TRACE-P P3-B Flight 21

Flag
I

7 8 9 10 11 12 13 14
UTC Time

(6]

2000

1500

1000

Cl, pptv

500

o

~
N
W
N

8 9 10 11
UTC Time

(6]

150

NO3, pptv

50

:

o

N
N
W
N

7 8 9 10 "

(6]

2000

1500

1000

Na, pptv

500

UTC Time
\J\—[\ Fav o

o

UTC Time

(6]

NH4, pptv

N

o

o
III|III|III|III

o

7 8 9 10 11 12 13 14
UTC Time

475

(6]



MSA, molecule/cc

FINAL DATA: TRACE-P P3-B Flight 21

IS
o
o

LR R R R

o

~ B

8 9 10 11 12 13 14
UTC Time

(6]

1200
1000

800
600

Ca, pptv

400
200

™

o

UTC Time

mew i AN

(6]

o

8
7 8

9 10 11 12 13 14
UTC Time

(6]

1000
800

600

S04, pptv

400

200

o

9 10 11 12 1

3 14
UTC Time

(6]

2.5x107
2.0x10

1.5x107
1.0x107
5.0x10°

mew o

~5.0x10°8

o

7 8 9 10 11 12 13 14
UTC Time

476

(6]



H2S04, molecule/cc

FINAL DATA: TRACE-P P3-B

Flight 21

700
600

500
400
300
200
100

S02, pptv

clip: max=1345.70

o

12

UTC Time

13

(6]

600
580

560
540
520
500

480
460

OCS, pptv

«— « Blake
o— -o Atlas

o

9 10 11 12
UTC Time

13 14

(6]

1x10’

gx10°
6x10°
4x105

2x10°

clip: max=3.88076e+007 '

o

”

JK wod

UTC Time

Wity o S
13 14

(6]

30

- N N
o o

DMS, pptv
o w o o

i
"?I
™ X
] [
‘% \ |
4

R

‘?
% |

»— x Bandy
o— -o Blake

!

hseee—peeee&eeed

]

/

o

NO DATA: Bonqgll%
7 8

9 10 11 12
UTC Time

13 14

—_

5

c o =
o » o
TTTTT T[T T[T 77T

Methyl lodide, pptv
o
N

o ©
o N

o

UTC Time

477

(6]



Total UCN, cm~—3

CN @ 300C

CN @ 30C

2500
2000

1500

1000

500

60

40

20

3<UCN<8nm, cm~-3
o

N
o

3<UCN<4nm, crm~—3
— N [
o o o

o

10000

1000

100

10000

1000

100

FINAL DATA: TRACE-P P3-B Flight 21

2 MM VB | W E

= W el ! g

6 7 8 9 10 11 12 13 14 156
UTC Time

C .W b Lhﬂd AAJAMJWA LAIJM L i

6 7 8 9 10 11 12 13 14 156
UTC Time

3 WW‘“NL e :

6 7 8 9 10 11 12 13 14 156
UTC Time

E E|

E =

C - ]

E E|

6 7 8 9 10 11 12 13 14 156
UTC Time

- v }lA“ﬂv“““www*qk\ A %J =

6 7 8 9 10 11 12 13 14 156

UTC Time

478



DMA+OPC number, part./cm»3

FSSP number, part./cm+3

> (o)l
o O

W
o

N
o

Scattering @ 450nm, Mm—1

Absorption @ 565nm, Mm—1

o o

(&)

N

[&]

N

o =

3000
2500

2000
1500
1000

500

1000
800

600

400

200

80

60

40

20

DMA+OPC surface, um~2/cm»3

FINAL DATA: TRACE-P P3-B Flight 21

E Al particles ' clip: max=316.220 E
- Al ) :
E b\v u "}l N T A\ %I/tj N h, N e, .AA,J v}\" LY WY N E
6 7 8 9 10 11 12 13 14 15
UTC Time
E Al particles E
= / | E
= M \ Wl E
g VM E
3 A AL ) M‘ “AJI’ N E
6 7 8 9 10 11 12 13 14 15
UTC Time
E .007<ZDp<=20um @50C E
E_ x* ) x % _E
3 PR L > E
6 7 8 9 10 11 12 13 14 15
UTC Time
F 3<=Dp<=20um ]
= LJ' _ - el 1 ]
6 7 8 9 10 11 12 13 14 15
UTC Time
L .007<=Dp<=20um @50C 4
- - . ]
6 7 8 9 10 11 12 13 14 15
UTC Time

479



5x10°

4x10°
3x10°

2x10°

FSSP surface, um~2/cm+3
x
o
)

o

20

DMA+OPC volume, um~3/cm+3

2.0x10°

1.5x10°

5.0x10%

FSSP volume, um+r3/cm+~3
o
X
o

o o

0.8

0.6

0.4

PYMLWC, g/mn~3

0.2

0.0

FINAL DATA: TRACE-P P3-B Flight 21

= .3<=Dp<=20um ' ' ' ' E

E , ] , L , , , , E

6 7 8 9 10 11 12 13 14 15
UTC Time

- .007<=Dp<=20um @50C B

:_ *; * *"‘ > * : » ot _:

C .*’(“* * % L A L L !s.‘x.’: : x X xX % 7]

6 7 8 9 10 11 12 13 14 15
UTC Time

F .3<=Dp<=20um B

6 7 8 9 10 11 12 13 14 15
UTC Time

B 1 1 1 .l 1 - .l 1 i i '} 1 1 i

6 7 8 9 10 11 12 13 14 15
UTC Time

LEFT BLANK

480



J(H202), 1/s

FINAL DATA: TRACE-P P3-B Flight 21

305

300

295

03CoL, bu

290

285

o

10 11
UTC Time

12

13 14

(6]

160
150

140
130

SZA, deg

120

110
100

T A R R R

<

10 11
UTC Time

12

13 14

15

6x10~8
5x10”8

4x1078
- 3x1078
2x1078
1x1078

UI II

L

li H

J(03), 1/s
o
<

7 8

9

10 11
UTC Time

12

13 14

= b bbb

5

1.4x107°
2x107°

_

ox107°
10

—_

8.0x10™

6.0x10~ 10

10
10

4.0x10"
2.0x10~

il 1l

o

7 8

i, LlJL

10 11
UTC Time

12

Ll ‘“ ll“ﬂ
13 14

(6]

1.0
0.8

0.6

0.4

J(NO2), 1/s

0.2

0.0

Al J(NO2) below LOD

o

10 11
UTC Time

481

12

13 14

(6]



1.6x1072

J(NO2)N+J(N02)Z, 1/s

AltCab, feet

1.4x1072
1.2x107°
1.0x107°2
8.0x1076

6.0x10~6
4.0x1078

FINAL DATA: TRACE-P P3-B

Flight 21

o

2.0

1.5

1.0

0.5

J(NO2)Nadir /J(NO2)Zenith

o
o

W
o

Roll, degs
I
_ —_ N
o o o o

o IIIIIIIII|IIIIIIIIIIIIIIIIII|IIIIIIIII|IIIIIIIII

|
N
o

6000

4000

2000

-2000

8 9 10 11
UTC Time

12

13

(6]

o

8 9 10 11
UTC Time

12

13

(6]

UTC Time

12

13

- IIIIIIIII|IIIIIIIIIIIIIIIIII|IIIIIIIII|IIIIIIIII

o

8 9 10 11
UTC Time

482

12

13

(6]



Altitude, (km)

Altitude, (km)

Profile # 1 TRACE—P P3-B Flight 21

8 T T T I T T T I T T T I T T T 8 T T I T T T I T T T I T T T I T T
— ProjDP Ozone
— - StatTempDegC
6 6
F7:10 -7:10
1S
€ €
-7:06 < ~ -7:06
o ~
41 o U 4r
L
-7:02 2 < -7:02
=
2r 2r
- 6:58 - 6:58
0 - 6:54 O|||||||||||||||||||'6:54
-60 -40 -20 0 20 0 20 40 60 80 100
ProjDP and Temperature, C Ozone, ppbv
8 T T T I T T T I T T T I T T T
co
6_
r7:10
S
€
-7:06 <
<
- (]
! E
'_
-7:02 2
=
2_
- 6:58
O|||||||||||||||||||'6:54
0 50 100 150 200

CO, ppbv

483

UTC Time hh:mm



Altitude, (km)

Altitude, (km)

Profile # 2 TRACE—P P3-B Flight 21

CO, ppbv

8|||||||||||||||
— ProjDP
— - StatTempDegC
6 -
r7:34
S
€
<
sl F7:38 %
E
=
o
=
)
r7:43
2 -
-7:47
0 r7:52
-60 -40 -20 0 20
ProjDP and Temperature, C
8||||||||||||||||||||I|||
co
6 -
r7:34
S
€
<
4 F7:38 %
£
=
o
=
=)
r7:43
2 -
r7:47
OIIIIIIIIIIIIIIIIIIIIIIII_7:52
0 50 100 150 200 250

484

Altitude, (km)

8||||||||||||||||.II
Ozone
6_

-7:34

-7:38
4_

r7:43
2_

-7:47
o) E E E AP BRI IR A
0 20 40 60 80 100

Ozone, ppbv

UTC Time hh:mm



Altitude, (km)

Altitude, (km)

Profile # 3 TRACE—P P3-B Flight 21

8 T T I T T T I T T T I T T T I T T
— ProjDP
— - StatTempDegC
6 -
4
2
O 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
-60 -40 -20 0 20 40
ProjDP and Temperature, C
8 T T T I T T T I T T T I T T T
co
6 1‘\
4 - ?
2+ ygg%g{}»
E 3
O 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 50 100 1560 200
CO, ppbv

r9:16

- 8:59

UTC Time hh:mm

T
o
N
&

8:10

r9:16

- 8:59

T
o
)
(SN

UTC Time hh:mm

r8:10

485

Altitude, (km)

8|||||||||||||||||||
Ozone
°r r9:16
€
-8:59 £
<
<
r o
) £
=
O
-8:23 5
2_
ol t v vt vy, 810
0 20 40 60 80 100
Ozone, ppbv



Altitude, (km)

Altitude, (km)

Profile # 4 TRACE—P P3-B Flight 21

8 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
— ProjDP
— - StatTempDegC
6_
4_
2_
O IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
-30 -20 —-10 O 10 20 30
ProjDP and Temperature, C
8IIIIIIIIIIIIIIIIIIIIIIII
CO
6_ .,
5
4_ é
2_ T
OIIIIIIIIIIIIIIIIIIIIIIII

0 50 100 150 200 250

CO, ppbv

-9:34

- 9:40

UTC Time hh:mm

- 9:45

-9:51

-9:56

- 9:34

- 9:40

- 9:45

UTC Time hh:mm

r9:51

-9:56

486

8 T T T I T T T I T T T I T T T I T T T
Ozone
r -9:34
© - 9:40
=
U 4r
o
2
=
r9:45
2 -
- 9:51
O 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 _9:56
0 20 40 60 80 100

Ozone, ppbv

UTC Time hh:mm



Altitude, (km)

Altitude, (km)

Profile # 5 TRACE—P P3-B Flight 21

N

0

N

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
— ProjDP
— - StatTempDegC
| F11:25
€
-11:07 €
<
<
- [
E
'_
©
-10:50 5
-10:33
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_ 10:1 6
-40 -30 -20 -10 O 10 20 30
ProjDP and Temperature, C
T T T T I T T T T I T T T T I T T T T
Cco
| g -11:25
€
-11:07 €
e
e
- [
£
'_
Pt
-10:50 5
-10:33
1 1 1 1 I 1 1 1 1 I‘I 1 1 1 I 1 1 1 1 i 10:16
0 50 100 150 200

CO, ppbv

487

Altitude, (km)

8 T T T I T T T I T T T I T T T I T T T
Ozone
F11:25
6_
€
-11:07 €
=
=
- (]
* £
'_
(@]
-10:50 5
-10:33
2_
O 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 _10:16
0 20 40 60 80 100

Ozone, ppbv



Altitude, (km)

Altitude, (km)

Profile # 6 TRACE—P P3—-B Flight 21

8 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
— ProjDP
— - StatTempDegC
6l F11:43
. €
- 11:49 £
<
<
- [
¢ €
'_
O
F11:55 5
2 -
F12:01
O IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.IIIIIIII_ 12:07
-40 -30 -20 -10 O 10 20 30
ProjDP and Temperature, C
8 T T T T I T T T T I T T T T I T T T T
Cco
ol — F11:43
. €
- 11:49 £
e
e
- [
¢ €
'_
O
F11:55 5
2 -
r12:01
O 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 i 12:07
0 50 100 150 200
CO, ppbv

488

Altitude, (km)

Ozone, ppbv

8 T T T I T T T I T T T I T T T I T T T
Ozone
6L F11:43
-11:49
4_
r11:55
2_
- 12:01
O 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 _12:07
0 20 40 60 80 100

mm

UTC Time hh



Profile # 7 TRACE—P P3-B Flight 21

8 T T I T T T I T T T I T T T I T T
— ProjDP
— - StatTempDegC
r13:30
6 -
-13:14
. €
€ g
X <
~ <
o 4 o
E -12:88 £
< S
=
2 -
O 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 i 12:25
-60 -40 -20 0 20 40
ProjDP and Temperature, C
8 T T T I T T T I T T T I T T T
Cco
r13:30
6 -
-13:14
. S
€ g
X e
~ <
o 4 o
3 -12:88 £
< e
=
2r %if
O 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 i 12:25
0 50 100 150 200
CO, ppbv

489

Altitude, (km)

8 IIIIIIIIIIIIIIIIIII
Ozone

6_

4_

2_

O IIIIIIIIIIIIIIIIIII
0 20 40 60 80 100

Ozone, ppbv

r13:30

-13:14

- 12:83

r12:25

hh:mm

me

utc 1



490



CHEMICAL and
METEOROLOGICAL DATA

TRACE-P

Flight 22P
Transit: Midway Island to Kona, HI

Sunrise Photochemistry;
Stratospheric Influence

April 7, 2001

491




492



FINAL DATA: TRACE-P P3-B Flight 22

Lat, degs
N
o
ARRNRRRRNRRRRERRRE

o

-130 -120 -110 -100

|
o4}
o
|
3r
o
|
o -
o
|
o b
o
|
=
o

AltP, km
IN) IN
T 17T | T T T | T 17T

20 21 22 23
UTC Time

(0]
N
~
>t
[(e}
N
~

40
20

TS

/A e — — ProjDP
N/ ",..“huw'\m__/, ‘lw ’y‘-q{ tVI‘——-——-——*,'l'
| 1 Ry

l"‘n.\ 1 1“«-.,], o vae
23TV ‘
|/

! i
! v\ W _-,,.Ilf
! \lnfﬂ; h -
\

=20

\
|

I

—40 |

L
.

Temperature, DegC

-60
-80

20 21 22 23
UTC Time

(0]
N
~
> F
[(e}
N
~

N
o

0] IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

W
o

WNS, knots
N
o

o

o

N IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

17 18 19 20 21 22 23
UTC Time

4

—_

360

270

180

WND, degs

90

0] IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII
N IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

17 18 19 20 21 22 23
UTC Time

4

—_

493



FINAL DATA: TRACE-P P3-B Flight 22

140
120

100
80

Ozone, ppbv

60

40
20

MMLM

0] III|III|III|III|III|III

—_

UTC Tlme

N

4

180
160

140
120

CO, pptv

100

80
60

R
W L .

0] III|III|III|III|III|III

1

17

18

19

20

UTC Time

21

N III|III|III|III|III|III

1840
1820

1800
1780

Methane, ppbv

1760

1740
1720

P W\ |
»‘Mr \MW"\J‘W uww,\“mdwﬁ“ﬁw * .,WALW\NWf

0] III|III|III|III|III|III

—_

19

20
UTC Time

21

22

23

N

4

377
376
g 375

Q
e 37
N

N

W& ,W VW‘MM W Wﬂ

N

UTC Time

23

16
600
500

400
300

Oy, pptv

z 200

100
0

8 373
372
371

Prellmmory

W/A'H"‘w

™ o MW‘M
1‘*’“*)" N‘w /,/'w\ J N '\&\/w\jj

Lot bbb

16

494

UTC Time

23

24



NO, pptv

E

HNO3, pptv NO2, pptv

PAN, pptv

PiBN, pptv

FINAL DATA: TRACE-P P3-B Flight 22

120
100

80
60
40
20

(o]

—_
~

“ iy
4 MAM Wi L#"""M“ W w V"hm JMJ " WL‘

18 19 20 21 22
UTC Time

23

N

4

400

300

200

100

\
'KNJ*(‘W’[ w**%#"‘“ﬁmﬂ\ﬂw” "'hw““*“ " A J P M}y[“”“ﬁ"mﬂ Wkl

0] IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

17

18 19 20 21 22
UTC Time

23

N IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

250
200

150

100

50

(o]

UTC Time

N
~

300
250

200
150
100

(o]

20 21 22
UTC Time

~x PAN mixing ratio
o— —o PPN mixing ratio

IIII|IIII|IIII|IIII
o

N
~

W
o

o
IIII|IIII|IIII|IIII|IIII|IIII

NN
o o

o

© o
o w

(o]

17

18 19 20 21 22
UTC Time

495

23

N

4



OH, molecule/cc

—2.0x108

HO2+R02, molecules—cm~—3

1.2x107
1.0x10’

8.0x10°
6.0x10°
4,0><1O6
2.0x108

HO2, molecules—cm~=3

(6]
X
p
(@]
[(e)

1.0x10%

5.0x108

Methyl Chloride, pptv

Chloroform, pptv

1

0.

0.

[

[e2]

o
III|III|III|III|III|III

.0

FINAL DATA: TRACE-P P3-B Flight 22

Aicma b A A

(o]

17 18 19 20 21 22 23
UTC Time

N

4

8

6

NO DATA

(o]

17 18 19 20 21 22 23
UTC Time

N
~

My N

|t

(o]

17 18 19 20 21 22 23
UTC Time

N
~

' »x Blake
. o— -o Atlas

(o]

17 18 19 20 21 22 23
UTC Time

N

4

17 18 19 20 21 22 23 24
UTC Time

496



1600
1400

1200
1000

Ethane, pptv

800

Butane, pptv Propane, ppty
N
3 o
o N =

Pentane, pptv
oo

Ethyne, pptv
N
o
o

100

—_

FINAL DATA: TRACE-P P3-B Flight 22

6 17 18 19 20 21 29 >3 24
UTC Time
6 17 18 19 20 21 22 3 o
UTC Time
=« i—Butane
h o— -o N—Butane
6 17 18 19 20 21 29 >3 24
UTC Time
: «~—x i—Pentane ]
= o— -o N—Pentane =
3 A LU A E
6 17 18 19 20 21 29 >3 24
UTC Time
6 17 18 19 20 21 29 >3 24
UTC Time

497



C2H4/C2H6

C3H8,/C2H6

FINAL DATA: TRACE-P P3-B Flight 22

s

(o]

17

19

20
UTC Time

21 22 23

N

4

0.25

0.20

0.05

0.00

16

17

19

20
UTC Time

21 22 23

N

4

0.007
0.006

0.005
0.004
0.003

0.002
0.001

17

19

20
UTC Time

21 22 23

N
~

3.5
3.0

2.5
2.0

C2H2,/CO

1.5

1.0
0.5

J{

% *’k“**"Lﬁ‘ {!M*W" f ‘I“ . ]

b
*
IIII|IIII|IIII|IIII|IIII|IIII

16

19

20
UTC Time

21 22 23

N

4

"
10

C2HB/CO

S~ 0O O N

*“%w_,‘ﬁflm

L

(o]

19

20
UTC Time

498

21 22 23 24



FINAL DATA: TRACE-P P3-B Flight 22

7 = « x Blake E
= E o— -o Atlas 3
a 6FE =
e = E
s E 3
s °F
z Ok
< <E- \ =
2 JE 2 =

2 E | X ) ) °" ) ) E
16 17 18 19 20 21 22 23 24
UTC Time
35F =« Blake -
> = o— -o Atlas -

- 3.0 =

Q - .

g 25 =

2 C -

Z 20F —

> E 3

& 1.5:— - =

1.0k . . . . . . . 3
16 17 18 19 20 21 22 23 24
UTC Time
> / « x Blake
< 6 o— -o Atlas
a
g o
24
z3 A
>~
5 2 A
T
16 17 18 19 20 21 22 23 24
UTC Time

. 12F x— Blake ]

= - o— -o Atlas T

& 1.0 E f‘ﬁ .

g 08F —

o = ]

Z 06 =

2 0.4 =

o o -

T 02F —

< 0.0 - -

16 17 18 19 20 21 22 23 24
UTC Time
. 6 « x Blake
< 5 i o— -o Atlas
a
g 4
2
=z 3
>2
=)
o
11
N
16 17 18 19 20 21 22 23 24
UTC Time

499



FINAL DATA: TRACE-P P3-B

Flight 22

CFC—12, pptv
[0}
W
(o]
|||||||||||||II|III|III

l‘j

534 !
i
532
530 . . . . . . .
16 17 18 19 20 21 22 23 24
UTC Time
4.6 »—x Blake R
- o— -o Atlas ]
2z 44 —
Q. ~ —
a L ]
T 42 —
N - ]
| - ]
T 40 ]
3.8L . . . . . . . |
16 17 18 19 20 21 22 23 24
UTC Time
14.5 F =« Blake 1
> C s o— -o Atlas ]
S 140 | 3
Q: C - N " ]
2 C \ ¢ 8 .
QN \ ‘ _
X 135 H) ¥ » Z1e, , -
| I~ o— ]
e . F | ]
o 13.0— -]
T L -
12.5LC . . . . . . . 7
16 17 18 19 20 21 22 23 24
UTC Time
160 F =« Blake 1
— o— -o Atlas -
> I -
£ 165~ —]
[oN - —
N 150~ J W ‘ E
e F [ A T :
o C J AY ! I
T 145 \ |
- . w ! .
140 . . . . . . . .
16 17 18 19 20 21 22 23 24
UTC Time
41E 3
, w0f =
ik
-39 | 1 =
e} E | | E
&) E ) 3
Q 38E- I =
5 E l E
37E- ‘ E
36E ) ) ) ) ) ) ) E
16 17 18 19 20 21 22 23 24
UTC Time

500



FINAL DATA: TRACE-P P3-B Flight 22

Flag
I

17

19 20 21 22 23
UTC Time

N
~

2000

1500

1000

Cl, pptv

500

(o]

17

19 20 21 22 23
UTC Time

N
~

200

150

100

NO3, pptv

50

A

(o]

17

19 20 21 22 23
UTC Time

Na, pptv
[e)]
o
o
III|III|III|III|III|III

(o]

19 20 21 22 23
UTC Time

N
~

NH4, pptv

N

o

o
III|III|III|III

(o]

19 20 21 22 23
UTC Time

501

N
~



MSA, molecule/cc

120
100

80
60

Ca, pptv

40
20

120
100

80
60

Mg, pptv

40
20

600

400

S04, pptv

FINAL DATA: TRACE-P P3-B Flight 22

6 17 18 19 20 21 22 23 24
UTC Time

6 17 18 19 20 21 22 23 24
UTC Time

6 17 18 19 20 21 22 23 24
UTC Time

SRR )

6 17 18 19 20 21 22 23 24
UTC Time

- MM\M!« %nm | MA AR -

6 17 18 19 20 21 22 23 24
UTC Time

502



H2S04, molecule/cc

FINAL DATA: TRACE-P P3-B Flight 22

1.0 ]
0.8 —
> C ]
& 06 NO DATA E
S 04 —
%] C ]
0.2 —
0.0k . . . . . . . 3
16 17 18 19 20 21 22 23 24
UTC Time
540E »~—« Blake E
E o— -o Atlas E
530 E- =
2 = :
Q 520 §_ a _§
- E ) E
2] = 3
O B510E v —
E Ny © E
500 E- o i 3
= > g 3
490 E \ . . . . , ) E
16 17 18 19 20 21 22 23 24
UTC Time
. ' , -
4x10° E clip: max=1.08995e+008 E
3x10” - 3
2x107 E- 3
1107 E- JM =
16 17 18 19 20 21 22 23 24
UTC Time
25F = Bandy 3
20 - ? o— -o Blake -
E R J,\l\ 7 3
> — -
= - | él —
& = {4 i Fe s =
2 10F T "y =
= - | =
5 F i i 4 . ]
5 # J* éé’ ‘g( / -
OE NO DATA: Bandy g a AN Y ¥ 3
16 17 18 19 20 21 22 23 24
UTC Time
1.2F -
2 1.0 =
a - -
Q - -
S 0.8 —
el - -
8 06k 3
3 04F =
2 02F —
0.0E . . . . . . 3
16 17 18 19 20 21 22 23 24
UTC Time

503



CN @ 300C

CN @ 30C

Total UCN, cm~—3

3000
2500

2000
1500
1000

500

250
200

150

100

50

3<UCN<8nm, cm~-3

[e)]
o

N »
o o

3<UCN<4nm, crm~—3

_ o

10000

1000

100

10000

1000

100

FINAL DATA: TRACE-P P3-B Flight 22

g— y FLFJjfﬂmm_uw“/ykdefWJnﬂﬂUA{J\ﬁlj/“NwwLM A${Mwwhkw‘\NJJWWL/\NNAM/JVANANA\ _E
6 17 18 19 20 21 22 23 24
UTC Time
g AJ‘MMAMA ool .LL M\NMNLM Luhon il ]
6 17 18 19 20 21 22 23 24
UTC Time
C J‘MIMAAAM N ST R ETI Ll M“AML i
6 17 18 19 20 21 22 23 24
UTC Time
E E|
E M E
= PHh’ﬁﬂww&hw-”wmuwﬁ\*wmnmwf» meww . JHLﬁVWMbMJ“V”N“WMﬁ$H¢ —g
g ! .
6 17 18 19 20 21 22 23 24
UTC Time
E E|
E E
= ﬁfﬂth“*~ﬁvﬁwMqumwrw”“Aklwuuwrhvﬂ hﬁhMaJmJ¢RWF”mv*dﬁAww~MN¢~J\ E
3 ' E
E E
6 17 18 19 20 21 22 23 24
UTC Time

504



FINAL DATA: TRACE-P P3-B Flight 22

Scattering @ 450nm, Mm—1

Absorption @ 565nm, Mm—1

o

o
I3

©
o

o
i

o ©
o N

DMA+OPC number, part./cm~3

I
o

W
o
(@]

N
o)l
o

N
o
o

-
o u
o O

(o)l
o

FSSP number, part./cm+3

o

—_

o

o
I3

©
o

o
i

o ©
o N

DMA+OPC surface, um~2/cm+3

—_

Al particles ' clip: max=319.830
!
v M / yl
. W"“.’"*»UJ. M )
17 18 19 20 21 22 23 24
UTC Time
E Al particles ' clip: max=5.80820 E
! ’
= V‘J W\.VL,...V«M Mo b | TN E
6 17 18 19 20 21 22 23 24
UTC Time
F .007<=Dp<=20um @50C -
3 -0.1 0.1 0.3 0.5 0.7 0.9 1.1 1.3
UTC Time
= .3<=Dp<=20um 3
E b I S VI ™ O O
6 17 18 19 20 21 22 23 24
UTC Time
F .007<=Dp<=20um @50C -
6 17 18 19 20 21 22 23 24
UTC Time

505



FSSP volume, um+r3/cm+~3

FSSP surface, um~2/cm+3

8x10*

6x10%
4x10%

2x10%

1.0
0.8

0.6
0.4

0.2
0.0

DMA+OPC volume, um~3/cm3

3.0x10%
25x10%

2.0x10*
1.5x10%
1.0x10%
5.0x10°

0.8

0.6
0.4

0.2

PYMLWC, g/mn~3

0.0

FINAL DATA: TRACE-P P3-B

Flight 22

L .3<=Dp<=20um ]

C . . ll A Mj: ] i X ]

6 17 18 19 20 21 22 23 24
UTC Time

- .007<=Dp<=20um @50C ]

6 17 18 19 20 21 22 23 24
UTC Time

= .3<=Dp<=20um 3

6 17 18 19 20 21 22 23 24
UTC Time

C . . 1\ h A th | . . .

6 17 18 19 20 21 22 23 24

UTC Time

LEFT BLANK

506



FINAL DATA: TRACE-P P3-B Flight 22

315
310

305
300

03CoL, bu

295

290
285

17 18 19 20 21 22 23
UTC Time

(0]
N

4

120
100

80
60

SZA, deg

40
20

17 18 19 20 21 22 23
UTC Time

(0]
N
~

8x10~2

6x10"°

1/s

4x1072

J(03),

2x107°

17 18 19 20 21 22 23
UTC Time

(0]
N
~

15x1072
(1]
> 1.0x107°

5.0x1078

J(H202),

17 18 19 20 21 22 23
UTC Time

(0]
N

4

0.020 Al J(NO2) below LOD'

0.015

0.010

J(NO2), 1/s

0.005

0.000 . f . \ . . .
16 17 18 19 20 21 22 23
UTC Time

N
~

507



AltCab, feet

J(NO2)N+J(NO2)Z, 1/s

FINAL DATA: TRACE-P P3-B Flight 22

0.020

0.015

0.010

0.005

0.000

(o]

17 18 19 20 21 22
UTC Time

23

N

4

1.2
1.0

0.8
0.6
0.4

0.2
0.0

J(NO2)Nadir /J(NO2)Zenith

(o]

17 18 19 20 21 22
UTC Time

23

N
~

40
20

Roll, degs

-40

-60

Fpe [ r][ urbipiad T F i ’ 1

(o]

17 18 19 20 21 22
UTC Time

23

N
~

6000

4000

2000

-2000

16

17 18 19 20 21 22
UTC Time

508

23

N
~



Altitude, (km)

Altitude, (km)

Profile # 1 TRACE—P P3-B Flight 22

CO, ppbv

509

8 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 8 T T I T T T I T T T I T T T I T T
— ProjDP Ozone
— - StatTempDegC
61 61
r16:34 - 16:34
€
€ &
-16:30 = £ - 16:30
< ~
4+ o o 4
£ 3
-16:268 = - 16:26
=
2r - 16:22 2r - 16:22
O ||||||||||||||||||||||||||||||||||||||| |||||‘|\|||_16:19 O - | L1l | [ | 11 | L1 '16:19
-30 -20 -10 0 10 20 0 20 40 60 100
ProjDP and Temperature, C Ozone, ppbv
8 T T T I T T T I T T T I T T T
Cco
6_
- 16:34
} :
-16:30 =
<
- [
! £
'_
- 16:26 ©
'_
=
2r - 16:22
O|||||||||||||||||||'16:19
0 50 100 150 200

mm

ime hh

utc 1



N

Altitude, (km)

N

Altitude, (km)

Profile # 2 TRACE—P P3-B Flight 22

IIIIIIIIIIIIIII 8|||||||||||||||||||||||
— ProjDP Ozone
— - StatTempDegC
- 6 -
r16:52 - 16:52
-16:55 ¢ € -16:55 ¢
< ~ <
< ~ <
L1658 £ 5 4T - 16:58 £
[ 2 [
2 < =
r17:01 > -17:01 >
-17.04 - 17:04
- 2 -
IIIIIIIIIIIIIII OIIIIIIIIIIIIIIIIIIIIIII
-60 -40 -20 0 20 0 20 40 60 80 100 120
ProjDP and Temperature, C Ozone, ppbv
T T T I T T T I T T T I T T T
Cco
- 16:52
? - 16:55 €
=
<
- [
- 16:68 E
=
&)
'_
3 -17:01 2
-17:04
O 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 50 100 150 200

CO, ppbv

510



Altitude, (km)

Altitude, (km)

Profile # 3 TRACE—P P3-B Flight 22

-60

N

CO, ppbv

T T T I T T T I T T T I T T T I T T T
— ProjDP
— - StatTempDegC
€
€
<
<
- -18:49 o
E
'_
o
-18:53 5
i -18:57
- 19:00
1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I \I 1 1 B 19:04
-40 -20 0 20 40
ProjDP and Temperature, C
T T T T I T T T T I T T T T I T T T T
CO
€
€
e
e
- r18:49 o
£
'_
O
-18:53 5
i - 18:57
- 19:00
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 19:04
0 100 1560 200

511

Altitude, (km)

8 T T T I T T T I T T T I T T T I T T T
Ozone
6_
4 - 18:49
-18:53
2r - 18:57
- 19:00
Ol v b o 5 v v Ly v Ly oy, 119:04
0 20 40 60 80 100
Ozone, ppbv

UTC Time hh;mm



Altitude, (km)

Altitude, (km)

Profile # 4 TRACE—P P3-B Flight 22

8III|III|III|III|III 8III|III|III|III|III|III
— ProjDP Ozone
— - StatTempDegC
6r -20:28 6r -20:28
€ . €
-20:12 £ c -20:12 £
< X e
< ~ e
- [ y - o
! £ 37 £
[ = [l
@) =z @)
- 19:86 5 - 19:86 5
2r 2r
O|||||||||||||||\|||_19:23 O|||||||||||||||||||||||_19:23
-60 -40 -20 0 20 40 0 20 40 60 80 100 120
ProjDP and Temperature, C Ozone, ppbv
8 T T T T I T T T T I T T T T I T T T T
Cco
6r -20:28
€
-20:12 €
e
e
- (]
! £
'_
Pt
-19:86 5
2 -
0 ||||||||||'|||||||||_19:23
0 50 100 150 200
CO, ppbv

512



Altitude, (km)

Altitude, (km)

Profile # 5 TRACE—P P3-B Flight 22

8 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 8 IIIIIIIIIIIIIIIIIIIIIIIIIIIII
— ProjDP Ozone
— - StatTempDegC
6r -20:47 6r -20:47
E ~—
E &
F20:551 s < - 20:51
4+ o o 4
£ 3
SEE
=
oL r20:54 oL r20:54
r20:57 r20:57
O IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII\IIIIIII_21:OO O IIIIIIIIIIIIIIIIIIIIIIIIIIIII _21:00
-30 -20 -10 O 10 20 30 0O 20 40 60 80 100 120 140
ProjDP and Temperature, C Ozone, ppbv
8 T T T I T T T I T T T I T T T
Cco
6r - 20:47
S
g
-20:51 €
- (]
! £
'_
&)
'_
=
oL r20:54
r20:57
O 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 _21:00
0 50 100 150 200

CO, ppbv

513

UTC Time hh;mm



Altitude, (km)

Altitude, (km)

Profile # 6 TRACE—P P3-B Flight 22

8 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 8 T T I T T T I T T T I T T T I T T
— ProjDP Ozone
— - StatTempDegC
6 6
€ . S
E & g
< X e
< ~ <
L [ 5 - o
! E &7 £
— = =
e = e
-21:30 > r21:30 2
2r r21:27 2t F21:27
-21:24 -21:24
-21:21 -21:21
O IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII III‘IIIIII_21:17 O 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 _21:17
-20 =10 0 10 20 30 0 20 40 60 80 100
ProjDP and Temperature, C Ozone, ppbv
8 T T T I T T T I T T T I T T T
co
6_
S
g
e
<
- [
! £
'_
2
r21:30 2
oF r21:27
-21:24
-21:21
O 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 _21:17
0 50 100 150 200
CO, ppbv

514



Altitude, (km)

Altitude, (km)

Profile # 7 TRACE—P P3-B Flight 22

CO, ppbv

8 ||||||IIIIIIIIIIIIIIIIIIIIIIII||||||IIIIIIIIIIIIIIIIIIIIIII
— ProjDP
— - StatTempDegC
6 -
€
-22:12 E
-y
~
- F22:09 ©
¢ €
'_
-22:06 2
>
-22:04
2r - 22:01
O IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
-40 -30 -20 —-10 O 10 20
ProjDP and Temperature, C
8 T T T T I T T T T I T T T T I T T T T
CcO
6 -
S
= -22:12 €
=
=
- r22:09 o
¢ i €
'_
-22:06 2
>
é - 22:04
2r - 22:01
O 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 50 100 150 200

515

Altitude, (km)

8 T T T I T T T I T T T I T T T I T T T
Ozone
6 -
£
F22:12 €
=
=
: -22:09 ©
* £
'_
-22:06 2
D
- 22:04
2r - 22:01
O 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
0 20 40 60 80 100

Ozone, ppbv



Altitude, (km)

Altitude, (km)

Profile # 8 TRACE—-P P3-B Flight 22

8 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 8 T T I T T T I T T T I T T T I T T
— ProjDP Ozone
— - StatTempDegC
61 61
E ~—
-22:53 & £ -22:53
< ~
4t e g 4
-22:56 = 2 -22:56
SEE
=
ot r22:59 ot r22:59
-23:01 r23:01
r23:04 r23:04
O IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII O 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
-30 -20 -10 O 10 20 30 0 20 40 60 80 100
ProjDP and Temperature, C Ozone, ppbv
8 T T T I T T T I T T T I T T T
Cco
6 -
:
} -22:53 =
<
4+ [
-22:56;§
&)
'_
=
ot r22:59
% -23:01
r23:04
O 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 50 100 150 200

CO, ppbv

516

UTC Time hh;mm



CHEMICAL and
METEOROLOGICAL DATA

TRACE-P

Flight 23P
Transit: Kona, HI to NASA-DFRC

Aircraft Intercomparison

April 9, 2001

517




518



FINAL DATA: TRACE-P P3-B Flight 23

|

|
o4}
o

-170 -160 -150 -140 -130 -120 -110 -100 -90

Lon, deg

(o]

AltP, km

N
|||||||||||||||

(o]

17 18 19 20 21 22 23 24 25
UTC Time

N
[e2]

40
20

TS

\ — — ProjbP

-20
-40

Temperature, DegC

-60
-80

(o]

17 18 19 20 21 22 23 24 25
UTC Time

N
[e2]

[o4]
o

(%]
o

N
o
|||||||||||||||

WNS, knots

20

(o]

17 18 19 20 21 22 23 24 25
UTC Time

6

N

360

270

180

WND, degs

90

0] IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

—_

17 18 19 20 21 22 23 24 25
UTC Time

519

N IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

6



FINAL DATA: TRACE-P P3-B Flight 23

250 F =
200 —
S - B
e - -
& 150 3
1) - =
S 100 =
N — —
(@] - -
50 — —
0 — . . . . . . . . . -
16 17 18 19 20 21 22 23 24 25 26
UTC Time
300F =
250 —
8 TF b E
8 150 ;— | r w _;
oo ol b [WPUNRR L VIV E
= I 3
50E . . . . . . . . . -
16 17 18 19 20 21 22 23 24 25 26
UTC Time
1860 F 3
1840 ~ —
> - -
5 1820F =
® 1800 —
o c =
5 1780 J\IW'\‘ ! WV"M?’ y =
Sreo i E
1740 —
1720 E . . . . . . . . . 3
16 17 18 19 20 21 22 23 24 25 26
UTC Time
378 ]
. 376 o i -
e C ]
~ 3741 MW -
3 - \‘(M‘M j Mt W\Ml J Wﬂw»\ .
372~ -
370LC . . . . . . . . ]
16 17 18 19 20 21 22 23 24 25 26
UTC Time
2500 F Preliminary 3
2000 - —
2 = 3
a 1500 =
Q — -
3 1000 —
= = =
500 jL . =
16 17 18 19 20 21 22 23 24 25 26
UTC Time

520



FINAL DATA: TRACE-P P3-B Fllght 23

HNO3, pptv

PPN, pptv

100 F clip: max=436.600 ]
80 —
> C ]
5 60 =
> E v .
S 40 ]
o N i .
ST W o, : ».. E
oF ' Wy WA, e gV My ot b W 3
16 17 18 19 20 21 22 23 5 2

UTC Time
100F ' Cclip: max=925.600 ' ' -
80— —
> C ]
s 60 3
(\I - -
S 40f Ny M' -
z - .
20 ‘w m‘ﬂwﬁ\ NWU\ ﬂ” M -
oF ""Wllmm podbauhds u“u 7
16 17 18 19 20 21 22 23 5 2

UTC Time
1200 F 3
1000 - —
800 —
600 —
400 —
200 M —
ok | L\A‘M A I"'H! iﬁ& Mnuw-dmﬂlwu ) M 3
16 17 18 19 20 21 22 23 24 25 2

UTC Time
800[ ' ' ' ' ' ' ' ~x PAN mixing ratio
- o— -o PPN mixlﬁg ratio 7
600 — —
> I~ -
z C ]
a r > i
~ 400 i —
=z — -
< — —
a L -
200 — *'§ . ?{g —
ok M@“"‘ : ‘ ]
16 0 22 23 24 25 2

UTC Time
2.5F -
2.0F x =
2z = 3
g 1.5 . . =
a - * 7
0.5F L . —
0.0E . s . . . . ) . . 3
16 17 18 19 20 21 22 23 24 25 2

UTC Time

521



FINAL DATA: TRACE-P P3-B Flight 23

7x108

5x108

3x10°8

OH, molecule/cc

1x10°

—1x10%

clip: min=—2.27445e+006

(o]

17 18 19 20 21 22 23 24 25
UTC Time

N

6

c o =
o » o
TTTTT T[T T[T 7T

HO2, molecules—cm~=3
o
>

o o
o N

NO DATA

(o]

17 18 19 20 21 22 23 24 25
UTC Time

N
o

6x108

4x108

N
X
BN
(@]
[e]

o

WMWWWWW
. LT

HO2+R02, molecules—cm~—3

(o]

17 18 19 20 21 22 23 24 25
UTC Time

N
o

g o
o O
o O

(o))
(o)
o

[0)]
>
o

Methyl Chloride, pptv

;«—;'Bloke
T A o— -o Atlas

(o]

17 18 19 20 21 22 23 24 25
UTC Time

N

6

Chloroform, pptv
e
N R R

(o]

17 18 19 20 21 22 23 24 25
UTC Time

522

N
o



2000

1500

1000

Ethane, pptv

500

[0}
o
o

Propane, pptv
N IN o2}
o o o
S S S

o

SN
(o)l
o

Butane, pptv
S
s

(o)l
o

Pentane, pptv
N N o)
[} o o

. O

600
500

N
(@}
o

N
o
o

Ethyne, pptv
&
O
s

100

FINAL DATA: TRACE-P P3-B Flight 23

6 17 18 19 20 21 22 23 24 25 26
UTC Time

6 17 18 19 20 21 22 23 24 25 26
UTC Time

- ~« i—Butane {— .

L o— —o n—Butcmef -

6 26
UTC Time

- ~x i—Pentane’ g

- o— -o N—Pentan ]

- o -

C 1 r 1 s 1 el 1 a

6 17 18 21 22 23 24 25 26
UTC Time

6 17 18 19 20 21 22 23 24 25 26
UTC Time

523



Ethene, pptv

(%]
o

N
o

0.35
0.30

C3H8,/C2H6

0.25
0.20
0.15
0.10

0.05
0.00

0.04

0.03

C2H4 /C2H6

0.02

0.01

0.00

C2H2,/CO

C2HB/CO

3.0
2.5

2.0

1.5

1.0
0.5

FINAL DATA: TRACE-P P3-B Flight 23

(o]

17 18 19 20 21 22 23 24 25
UTC Time

N

6

(o]

17 18 19 20 21 22 23 24 25
UTC Time

N
o

0] IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

17 18 19 20 21 22 23 24 25
UTC Time

N IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

" e

1
ha o ™ ‘”“*ﬁi ;W’;‘i*t T}I

(o]

17 18 19 20 21 22 23 24 25
UTC Time

N
o

nl{,‘n

(o]

17 18 19 20 21 22 23 24 25
UTC Time

524

N
o



Methyl Nitrate, pptv

n—Propyl Nitrate, pptv i—Propyl Nitrate, pptv

2—Butyl Nitrate, pptv

Ethyl Nitrate, pptv

W
o u o

NN
o o

Lo w

2.0

1.5

1.0

0.5

0.0

12
10

oN > O

—_

FINAL DATA: TRACE-P P3-B Flight 23

E ;«—;'Bloke E

= o— -o Atlas -

6 17 18 19 20 21 22 23 24 25 26
UTC Time

E ;«—;'Bloke E

E o— -o Atlas 3

6 17 18 19 20 21 22 23 24 25 26
UTC Time

C ;«—;'Bloke .

- o— -o Atlas -

6 17 18 19 20 21 22 23 24 25 26
UTC Time

C ;«—;'Bloke .

- o— -o Atlas -

6 17 18 19 20 21 22 23 24 25 26
UTC Time

C ;«—;'Bloke -

- o— -o Atlas i

6 17 18 19 20 21 22 23 24 25 26

UTC Time

525



570
560

550

CFC—12, pptv

530
520

—_

4.6

4.4

4.2

H-1211, pptv

4.0

3.8

15.5
15.0

14.5
14.0
13.5

HCFC—142b, pptv

13.0
12.5

170
165

160
155
150

HCFC—22, pptv

145
140

(o]

CH3CCI3, pptv
[ I N N N
© o = N
S UL U L B

W
4]

W
o N

FINAL DATA: TRACE-P P3-B Flight 23

0] IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

17

19 20 21 22
UTC Time

23

24

25

N IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

;«—;'Bloke
o— -o Atlas

(o]

17

19 20 21 22
UTC Time

25

N

;«—;'Bloke
o— -o Atlas

(o]

17

19 20 21 22
UTC Time

24

25

N

6

;«—;'Bloke
o— -o Atlas

17

19 20 21 22
UTC Time

23

25

N

6

17

19 20 21 22
UTC Time

526

23

24

25

N IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

6



Cl, pptv

NO3, pptv

NH4, pptv

FINAL DATA: TRACE-P P3-B Flight 23

Flag
I

17 18 19 20 21 22 23 24 25
UTC Time

N
o

2000

1500

1000

500

(o]

17 18 19 20 21 22 23 24 25
UTC Time

N
o

150

100

50

(o]

17 18 19 20 21 22 23 24 25
UTC Time

N
o

(o]

17 18 19 20 21 22 23 24 25
UTC Time

N
o

[e2]

o

o
III|III|III|III|III|III

17 18 19 20 21 22 23 24 25
UTC Time

527

N

6



MSA, molecule/cc

250
200

150

K, pptv

100

50

120
100

80
60

Ca, pptv

40
20

250
200

150

Mg, pptv

100

50

1000
800

600

S04, pptv

400

200

4x10’

3x10
2x10

1x10

—1x10’

—_

FINAL DATA: TRACE-P P3-B Flight 23

= ) . . . N — /\ - E
6 17 18 19 20 21 22 23 24 25 26
UTC Time
6 17 18 19 20 21 22 23 24 25 26
UTC Time
6 17 18 19 20 21 22 23 24 25 26
UTC Time
6 17 18 19 20 21 22 23 24 25 26
UTC Time
% . M}VAA L R AAMLM wa, _M o %
6 17 18 19 20 21 22 23 24 25 26
UTC Time

528



H2S04, molecule/cc

OCS, pptv

1.2x107
1.0x10

8.0x108
6.0x108
4,O><1O6
2.0x108

Methyl lodide, pptv

DMS, pptv

FINAL DATA: TRACE-P P3-B Flight 23

NO DATA

17

19

20

21 22 23 24 25

UTC Time

N

6

620
600

580
560
540
520
500

480
460

;«—;'Bloke
o— -o Atlas

(o]

17

18

19

20

21 22 23 24 25
UTC Time

N
o

(o]

|
17 18 19 20 21 22 23 24 2

5]
UTC Time

N
o

—_

NO DATA: Bandy

ﬁ—x’BGndy
o— —o Blake

T ?

poi T
| o

| I h

| I

Co ]
RN |
N N WV ol

0] IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

—_

17

18

21 22 23 24 25
UTC Time

N IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

6

o
o]

o
o

©
)

o
I
|||||||||||||||

17

19

20

529

21 22 23 24 25
UTC Time

N
o



FINAL DATA: TRACE-P P3-B Flight 23

530

8000 |
) C ]
] 6000 —
& r ]
S C ]
Z 4000~ —
) - ]
5 C ]
. M W,\/,/V\MMW I
— B —
oL , , w“”“\«l ! , , , A . i
16 17 18 19 20 21 22 23 24 2b 26
UTC Time
150 _
g} - -
J - i
€ o |
o 100_— ]
€ - |
[ | .
0
v = ]
z b0 —
O - -
5 B ]
v r i L ]
O " t l/.j.m Al f " " " "
16 17 18 19 20 21 22 23 24 2b 26
UTC Time
60
Lp]
I 50
<
€
S 40
g 30
M
z 20
o
)
vV 10 L
Lp]
0 | Al . L L L
16 17 18 19 20 21 22 23 24 2b 26
UTC Time
10000 E 3
1000 |
Q E i f 3
2 c | o .
® 10025 wp E:
z C ™y, -
10 =
F ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ .
16 17 18 19 20 21 22 23 24 2b 26
UTC Time
10000 E - 3
8 1000|§— st ; { E
hel = 3
® C ‘ ‘{/""* ]
& 100k -
1oL . . . . . . . . .
16 17 18 19 20 21 22 23 24 2b 26
UTC Time



Scattering @ 450nm, Mm—1

FSSP number, part./cmr3 DMA+OPC number, part./cm»3

DMA+OPC surface, um~2/cm~3

Absorption @ 565nm, Mm—1

50

40

30

—_

—_

80

60

40

20

FINAL DATA: TRACE-P P3-B Flight 23

E Al particles E

3 A .

- J .o

E A d 3

E \*.NQ‘"!H& Aty P ‘“‘.M‘fhr" , E

6 17 18 19 20 21 22 23 24 25 26
UTC Time

All particles
ey an-b

6 17 18 19 20 21 22 23 24 25 26
UTC Time

E .007<zDp<=20um @50C E

g_ * * ; * x * »* g

= ¥t % = - . E

= ) ) o T e ) ) ) ) ) =

6 17 18 19 20 21 22 23 24 25 26
UTC Time

E .3<=Dp<=20um’ E

= 4 - N . . _J.\ 3

6 17 18 19 20 21 22 23 24 25 26
UTC Time

L .007<=Dp<=20um @50C -

- * ) -

u . N W : A

— .!{ x ) ;* ) ) * * X *‘. ) ) —

6 17 18 19 20 21 22 23 24 25 26
UTC Time

531



2.0x10°

1.56x10°
1.0x10°

5.0x10%

FSSP surface, um~2/cm+3

o

30

20

DMA+OPC volume, um~3/cm+3

8x10

FSSP volume, um+*3/cm+~3

1.5

PVMLWC, g/m~3

0.0

FINAL DATA: TRACE-P P3-B Flight 23

6x10%
4x10%

2x10%

1.0

0.5

LEFT BLANK

532

F .3<=Dp<=20um -
6 17 18 19 20 21 22 23 25 2
UTC Time
E .007<=Dp<=20um @50C E
E F e -
= o . o ) % . i . =
6 17 18 19 20 21 22 23 25 2
UTC Time
L 3<=Dp<=20um ]
6 17 18 19 20 21 22 23 25 2
UTC Time
6 17 18 19 20 21 22 23 25

UTC Time

N
o



J(03),

J(NO2), 1/s

03CoL, bu

450

400

350

300

0.025

0.020

0.015

0.010

0.005
0.000

FINAL DATA: TRACE-P P3-B Flight 23

(o]

17 18 19 20 21 22 23 24 25
UTC Time

N

6

(o]

17 18 19 20 21 22 23 24 25
UTC Time

N
o

(o]

17 18 19 20 21 22 23 24 25
UTC Time

N
o

(o]

17 18 19 20 21 22 23 24 25
UTC Time

N

6

All J(NO2) below LOD

16

17 18 19 20 21 22 23 24 25
UTC Time

N

6

533



AltCab, feet

J(NO2)N+J(NO2)Z, 1/s

FINAL DATA: TRACE-P P3-B Flight 23

0.025

0.020

0.015

0.010

0.005

0.000

16

17 18 19 20 21 22
UTC Time

23

24

25

N
o

1.2
1.0

0.8
0.6
0.4

0.2
0.0

J(NO2)Nadir /J(NO2)Zenith

(o]

17 18 19 20 21 22
UTC Time

23

24

25

N
o

40

20

o

Roll, degs
o

=20

-40

(o]

17 18 19 20 21 22
UTC Time

23

24

25

N
o

6000

4000

2000

-2000

16

17 18 19 20 21 22
UTC Time

534

23

24

25

N
o



Altitude, (km)

Altitude, (km)

Profile # 1 TRACE—P P3-B Flight 23

8 T T T I T T T I T T T I T T T I T T T
— ProjDP
— - StatTempDegC
6 -
F17:13
€
£
-17:09 <
<
- [
* E
'_
-17:05 2
)
2 -
F17:02
O 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 = 16:58
-60 —-40 -20 0 20 40
ProjDP and Temperature, C
8 T T T T I T T T T I T T T T I T T T T
Cco
6 -
r17:13
= e
£
< -17:.09 <
e
- [
* E
'_
- 17:05 2
)
2 -
F17:02
O 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 = 16:58
0 50 100 150 200
CO, ppbv

535

Altitude, (km)

8

N

0

Ozone

r17:13

mm

-17:09

r17:05

UTC Time hh

-17:02

-16:58

0

20

40 60
Ozone, ppbv

80

100



Profile # 2 TRACE—-P P3-B Flight 23

N

Altitude, (km)

N

Altitude, (km)

T T T I T T T I T T T I T T T 8 T T I T T T I T T T I T T T I T T
— ProjDP Ozone
— - StatTempDegC
6 -
r18:25 r18:25
E ~—
-
-18:34 < ~ - 18:34
- [ g 4
£ 3
SEE
- 18:42 2 - 18:42
- 2 -
- 18:51 - 18:51
1 i 19:00 O 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 i 19:00
-60 -40 -20 0 20 0 20 40 60 80 100
ProjDP and Temperature, C Ozone, ppbv
T T T I T T T I T T T I T T T
Cco
= r18:25
4 :
< £
i -18:34 €
- [
£
'_
&)
'_
i -18:42 2
; - 18:51
1 1 1 1 I 1 1 1 1 I 1 1 1 1 T 1 1 1 1 i 19:00
0 50 100 150 200

CO, ppbv

536

UTC Time hh;mm



Altitude, (km)

Altitude, (km)

Profile # 3 TRACE—P P3-B Flight 23

8 IIIIIIIIIIIIIIIIIII
— ProjDP
— - StatTempDegC
6_
-20:27
-20:05
€
€
<
<
- [
! £
'_
o
'_
>
-19:53
2_
O IIIIIIIIIIIIIIIIIII‘_19:4-2
-80 -60 -40 -20 0 20
ProjDP and Temperature, C
8 IIIIIIIIIIIIIIIIIIIIIIIIIIIII
CO
6_
. -20:27
-20:05
€
€
e
e
- [
! €
'_
O
'_
>
-19:53
2_
O IIIIIIIIIIIIII IIIIIIIIIIIIII_19:4'2
0 BO 100 150 200 250 300

CO, ppbv

537

8IIIIIIIIIIIIIIIIIIIIIIIIIII
Ozone
6_
-20:27
-20:05
€
=
U 4r
o
2
z
-19:53
2_
OIIIIIIIIIIIIIIIIIIIIIIIIIII_19:4'2
0O 20 40 60 80 100 120 140

Ozone, ppbv

UTC Time hh;mm



Altitude, (km)

Altitude, (km)

Profile # 4 TRACE—-P P3-B Flight 23

N

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
— ProjDP
— - StatTempDegC

0

F24:46

r25:02

-50 -40 -30 -20 -10 O 10

N

ProjDP and Temperature, C

CO

r24:46

r25:02

0 50 100 1560 200

CO, ppbv

538

Altitude, (km)

8 T T T I T T T I T T T I T T T I T T T
Ozone
- 24:46
6 -
- 24: €
24:50 £
e
e
4+ ©
€
r24:64 =
)
'_
- 24:58 2
2 -
-25:02
O 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
0 20 40 60 80 100

Ozone, ppbv



CHEMICAL and
METEOROLOGICAL DATA

TRACE-P

Flight 24P
Transit: NASA-DFRC to NASA-WFF

Transport of Clean Tropical Air

April 10, 2001

539




540



25

FINAL DATA: TRACE-P P3-B Flight 24

(]

|
N
o

AltP, km

|
N
o

-40

-60

Temperature, DegC

-80

140
120

100

WNS, knots
o)
o

360

270

180

WND, degs

90

—_

-130

-70

|
o
o

o

16

17 18 19 20 21 22
UTC Time

N

- \ — _ ProjDP ]
__ v eua Y \ > l‘ __
N 1 v.__"“ v ]Mﬂrrl'\ [/ ]
r 7" wTa e e -
— MY I -
C O TN rq’ .
— by -
— v —

o

16

17 18 19 20 21 22
UTC Time

N

o

16

17 18 19 20 21 22
UTC Time

N

3

[6)] IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

16

17 18 19 20 21 22
UTC Time

541

N IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

3



Ozone, ppbv

CO, pptv

Methane, ppbv

300
250

200
150
100

50

—_

200

150

100

FINAL DATA: TRACE-P P3-B Flight 24

E Bt E

B 1 ‘6 1 ‘7 1 8 1 9 2‘0 2.1 2.2 23
UTC Time

ST :

- 'm‘{k W ‘f\ o -

- \.«M Oy s W‘N mm ]

B 1 ‘6 1 ‘7 1 8 1 9 2‘0 2.1 2.2 23
UTC Time

S E

= :

3 wh, E

E— ” ru \MM,:‘»MW M\M'M"'\m fN W‘W“"ﬂ NWW _E

B 1 ‘6 1 ‘7 1 8 1 9 2‘0 2.1 2.2 23
UTC Time

2 -, E

E_ /’1 {J% WMMMMMMMMW e _E

B 1 ‘6 1 ‘7 1 8 1 9 2‘0 2.1 2.2 23
UTC Time

E Preliminary E

LA A ¥ E

g ) *“.‘&r-‘\r" DI W,IJWL.* [T -r-f““k"‘)‘ f\J,,_ e Wik ot b \‘JN ""’J\ . §

B 16 17 18 19 20 21 22 23
UTC Time

542



NO, pptv

NO2, pptv

HNO3, pptv

PAN, pptv

PiBN, pptv

250
200

150

100

50

150

100

50

800

600

400

200

500

400

300

200

100

. O

N
o

o

o

o
o

o
o

FINAL DATA: TRACE-P P3-B Fllght 24

= clip: max=1190.30 3

g L/I . ‘M "".'W‘Mr* e Bty w'.“" N s oot W“A I'M‘a P b'Jl‘\\,“"“‘v:‘ "\“AnJm W""J."‘ E

3} 16 17 18 19 20 21 22 23
UTC Time

L clip: max=586.500 :

- F WWM Wiy ,._M\MM 1 o L“Wul', ]

3} 16 17 18 19 20 21 22 23
UTC Time

- w @W e M M .

3} 16 17 19 23
UTC Time

S ~x PAN mixing ratio 60

E f o— -o PPN mi>§ing ratio 50

E_ 40 ..2

= 30 2

3 % 20a

é_ WW‘*MM M "{j%a&:l %% o 10

E 0

5 23
UTC Tlme

3} 1 ‘6 1 .7 1 8 1 9 2.0 2.1 2‘2 23
UTC Time

543



OH, molecule/cc

HO2+R02, molecules—cm~—3

4x10°

3x10°8
2x108

1x10°

o

o =
o ©

HO2, molecules—cm~=3
c © o o
Lo N > o

[0)]
X
PN
(@]
0]

4x108

2x108

600
580

560
540

520

Methyl Chloride, pptv

500

Chloroform, pptv
e

FINAL DATA: TRACE-P P3-B Flight 24

VN M !

| i L

8] 16 17 18 19 20 21 22 23
UTC Time

8] 16 17 18 19 20 21 22 23
UTC Time

B f\f% = .

8] 16 17 18 19 20 21 22 23
UTC Time

- »~—« Blake n

— o— -o Atlas -

8] 16 17 18 19 20 21 22 23
UTC Time

8] 16 17 18 19 20 21 22 23
UTC Time

544



2000

1500

1000

Ethane, pptv

500

600
500

400
300
200

Propane, pptv

100

150

100

Butane, pptv

50

[o4]
o

Pentane, pptv
N o2}
o o

N
o

Ethyne, pptv

FINAL DATA: TRACE-P P3-B Flight 24

5) 16 17 18 19 20 21 22 23

UTC Time
. . AN

5) 16 17 18 19 20 21 22 23
UTC Time

- —« i—Butan .

- % o— —o n—Butonle =

__ ! ]

C : &\‘f ]

- ) ]

- \ ]

N \ 1

5) 16 17 23
UTC Time

L « xi—Pentane —

C o— -o N—Pentane 7]

- ] ]

L | i

- A =

C . : e : . _— ]

5) 16 17 18 19 20 21 22 23
UTC Time

5) 16 17 18 19 20 21 22 23
UTC Time

545



Ethene, pptv

C3H8,/C2H6

(%]
o

N
o

0.3

0.2

0.1

0.0

0.05

0.04

C2H4 /C2H6

0.03

0.02

0.01

0.00

C2H2,/CO

C2HB/CO

3.0
2.5

2.0
1.5
1.0

0.5
0.0

FINAL DATA: TRACE-P P3-B Flight 24

(o))

16 17 18 19 20 21 22
UTC Time

N

3

(o))

16 17 18 19 20 21 22
UTC Time

N
[OX)

o ww

[e)] IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

16 17 18 19 20 21 22
UTC Time

N IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

Yo
T g R o

(o))

16 17 18 19 20 21 22
UTC Time

N

3

L™

] N

>
I*‘&*"S‘ unuwmk&“m’i&rﬁﬂiwm&

(o))

16 17 18 19 20 21 22
UTC Time

546

N
[OX)



FINAL DATA: TRACE-P P3-B Flight 24

8[ =« Blake -
2> C o— -o Atlas 7]
&6 —
g [ ]
£ [ ]
S 4 -
zZ r ]
= [ ]
= 2 —]
[} - —
= L ]
of ‘ ‘ ‘ ‘ ‘ ‘ ‘ ]
156 16 17 18 19 20 21 22 23
UTC Time
6 « x Blake
> K o— -o Atlas
a
a
.4
2
g3
=
= 2
<
DY
156 16 17 18 19 20 21 22 23
UTC Time
. 15C « x Blake —
Z L o— -o Atlas 1
g F ]
g 10— —
2 C ]
Z C |
2 5 _
o - |
a - |
A C . ’
0 St viomindil v .
156 19 20 21 22 23
UTC Time
N 2.0 F =« Blake 1
< C o— -o Atlas —
Q. = —
. 15— ]
9 C ]
o C ]
Z 10 -
B C ]
S il ]
& 0.5:— _:
¢ F ]
0.0C " " . . . -
156 17 18 19 20 21 22 23
UTC Time
20 F =« Blake 1
"E_ - o— -o Atlas -
> 15 -
2 — —
e F .
2 1o0F E
> .
@ 5 7
& F ]
oL I, ]
156 17 18 19 20 21 22 23
UTC Time

547



550

540

CFC—12, pptv

510
500

HCFC-22, pptv HCFC—142b, pptv H-1211, pptv

CH3CCI3, pptv

530

520

FINAL DATA: TRACE-P P3-B Flight 24

[e)] IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

—_

16 17 18 19 20 21 22
UTC Time

N IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

4.4

4.2

4.0

3.8

3.6

3.4

(o))

16 17 18 19 20 21 22
UTC Time

=« Blake
o— -o Atlas

[&]
[e)] IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

16 17 18 19 20 21 22
UTC Time

N IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

170

160

150

140

130

=« Blake
o— -o Atlas

[e)] IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

—_

16 17 18 19 20 21 22
UTC Time

N IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

44
42

40
38
36
34
32

30
28

N
[OX)

3

15

16 17 18 19 20 21 22
UTC Time

548

N

3



Na, pptv

FINAL DATA: TRACE-P P3-B Flight 24

Flag
I

16 17 18 19 20 21 22
UTC Time

N
[OX)

Cl, pptv
o)
o
S
III|III|III|III|III|III

. ™ . w

(o))

16 17 18 19 20 21 22
UTC Time

N
[OX)

—_
O\
o
IIII|IIII|IIII|IIII|IIII|IIII

(o))

16 17 18 19 20 21 22
UTC Time

N
[OX)

o
X
A
(@]
N
|||||||||||||||||||

(o))

16 17 18 19 20 21 22
UTC Time

N

3

1500

1000

NH4, pptv

500

(o))

IA(&‘ ’\MJNA‘—- Pt T
16 17 18 19

UTC Time

20 21 22

N
[OX)

549



MSA, molecule/cc

FINAL DATA: TRACE-P P3-B Flight 24
250 F - : . : ]
200 —
Z 150 —
Q — .
Q [ -
¥ 100 — —
50 /\ —
O: ) « x x-n-l.k-x-x-x-i » - . .
15 16 17 18 19 20 21 22 23
UTC Time
600
500
> 400
a
e 300
o
© 200
100
0 . s .
15 16 17 18 19 20 21 22 23
UTC Time
400 ' ' ' ' ' ' ' E
300 -
> E 3
a E E
& 200 —=
o = 3
= = E
100 E- E
oF At MDA AL A , , , =
15 16 17 18 19 20 21 22 23
UTC Time
2000 .
1500 - =
> [ -
z - .
a o .
- 1000 —
< n
o C ]
7] C .
500 — —
O: MW D iaiaitie” s . 7
15 16 17 18 19 20 21 22 23
UTC Time
3x100E e
2x108 - 3
1x108 E- =
0E W =
_1x106§ ) ) ) ) ) ) ) 3
15 16 17 18 19 20 21 22 23
UTC Time

550



H2S04, molecule/cc

DMS, pptv

Methyl lodide, pptv

1.30
1.25

1.20
1.15
1.10

1.05
1.00

—_

o
o

o o
W >

o
NS

o o
.~ O -

FINAL DATA: TRACE-P P3-B Flight 24

5 16 17 18 19 20 21 22 23
UTC Time
C =« Blake n
— o— -o Atlas -
3 | E
- [ p _
— % 7
C X, o ]
L \ . o .
= \ < " ; =
C \ s _
C \ _
C ‘ v ‘ ‘ ‘ ‘ ‘ ‘ ]
5 16 17 18 19 20 21 22 23
UTC Time
= (J‘,«M =
= e “«W e/ L AMJMM h ]
5 16 17 18 19 20 21 22 23
UTC Time
E — Bandy 3
- o— -1&7 Blake _
3 n E
g i E
— 1 -
=3 f ] E
= /! I 3
— e i I =
£ NO DA Al Bandy A ) \JR A i - =
5 16 17 18 19 20 21 22 23
UTC Time
5 16 17 18 19 20 21 22 23
UTC Time

551



FINAL DATA: TRACE-P P3-B Flight 24

552

3000 E T T - =
" 2500 - =
< = =
g ZOOOE— _E
Z 1500 3
= 1000F- E
2 E H LA E
= 500~ " =
O: ) ) ) ) ) ) ) 3
15 16 17 18 19 20 21 22 23
UTC Time
300 F =
g} - 3
)| 250 —
£ = =
© 200 =
E 150F 3
00 -~ =
\ - =
z 100 W —
O - =
o] - 3
* E WWMWMWM A E
D E =
0E A ! . ) ) e =
15 16 17 18 19 20 21 22 23
UTC Time
250 F =
9 = .
J 200F =
IS - -
(3} - .
é 150:— _:
< = .
v 100 =
=z - -
8 - -
v S0 !L =
o) = =
oc ettt v e e , MMWWMWMMAMM l'vt -
15 16 17 18 19 20 21 22 23
UTC Time
10000 E 3
S 1000k \ -
o 3 3
M -y 3
® - ]
CE J\J’\M'w ok ;
10l . . . . . . .
15 16 17 18 19 20 21 22 23
UTC Time
10000 E 3
N ]
o
o)
: e MLWM“NW" :
z = 3
(@] - .
100 . . . . . , .
15 16 17 18 19 20 21 22 23
UTC Time



T 100
£
" 80
€
S 60
[Te]
<
® 40
o
€
§ 20
S 0
oy
g
£
=
€3
C
[Te}
[{e]
0 2
®
C
S 1
a
(o]
20
<t
1
2
éi 6000
< 5000
[e]
< 4000
3 3000
€
3
€ 2000
(@&}
% 1000
+
< 0
=] 1
M 1500
€
Q
~
5 1000
Q.
5
Ke)
€ 500
<
a
[9p]
L 0
1
Lo}
£
§ 200
~
Q
€ 150
3
v
8 100
5
2]
o B0
o
Q
< 0
=
=] 1

FINAL DATA: TRACE-P P3-B Flight 24

E Al particles ]
- \"“‘.’ A I Lk e 8 et e i o de v el e e desd et P ]
5 16 17 18 19 20 21 22 23
UTC Time
E Al particles E
.
E {\‘\' 11"‘.'\{ LIRS VL I N W h E
5 16 17 18 19 20 21 22 23
UTC Time
.007<=Dp<=20um @50C x
* M‘
: x" * * X * xy X * Ead
5« ) ) ) ) ) * ) )
5 16 17 18 19 20 21 22 23
UTC Time
[ .3<=Dp<=20um ]
5 16 17 18 19 20 21 22 23
UTC Time
F .007<=Dp<=20um @50C -
- : = .
:_ * : :ﬂx _:
C * o * ]
N N * N * x N * N * x x X .)ﬁ N
5 16 17 18 19 20 21 22 23
UTC Time

553



FSSP surface, um~2/cm+3

FSSP volume, um+*3/cm+~3

8x10*

6x10%
4x10%

2x10%

FINAL DATA: TRACE-P P3-B

Flight 24

3<=Dp<=20um

(o))

DMA+OPC volume, um~3/cm+3

5x10

4x10%
3x10%
2x10%

1x10%

0.30
0.25

PVMLWC, g/m~3

0.05
0.00

60
50

0.20
0.15
0.10

16 17 18 19
UTC Time

20

21 22

N
[OX)

40
30
20
10

007<=Dp<=20um @50C

1 A N

Pl

15

16 17 18 19
UTC Time

20

21 22

N
[OX)

3<=Dp<=20um

dn

mhlm L

[e)] IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

19
UTC Time

16 17

20

21 22

N IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

A

15

J

19
UTC Time

20

LEFT BLANK

554

21 22

N

3



FINAL DATA: TRACE-P P3-B Flight 24

450

400

350

03CoL, bu

300

(o))

16

19 20
UTC Time

21

22

N
[OX)

16

19 20
UTC Time

21

22

N
[OX)

(o))

16

19 20
UTC Time

21

22

N
[OX)

(o))

16

17

19 20
UTC Time

21

22

N

3

0.020

0.015

0.010

J(NO2), 1/s

0.005

0.000

All' J(NOZ2) pelow LD’

15

16

19 20
UTC Time

555

21

22

N
[OX)



AltCab, feet
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APPENDIX B: LANGLEY ASDC DATA ARCHIVE

System Description

The Langley Atmospheric Sciences Data Center (ASDC), located at the NASA Langley
Research Center in Hampton, Virginia, is responsible for archiving and distributing
NASA science data in the areas of radiation budget, clouds, aerosols, and tropospheric
chemistry. This ASDC will also archive some of the data sets, which result from the
EOS program and other elements of the Earth Science Enterprise. The ASDC data can be
accessed and ordered on line through the website:

(http://eosweb.larc.nasa.gov/index.html). Users who cannot access the web or who have

any questions concerning the Langley ASDC may contact:
Langley ASDC User and Data Services
Mail Stop 157D
NASA Langley Research Center
Hampton, VA 23681-0001
Phone: (757) 864-8656 (M-F 8am—4:30pm, Eastern Time)
FAX: (757) 864-8807

Email: larc@eos.nasa.gov
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