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(TRACE-P), VOLUME 1: DC-8 

 

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 10oN to 50oN.  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 
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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.   
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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 
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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 
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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

   Atlantic 

TRACE-P

 

 

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 
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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 
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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) (36.1N, 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.  
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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 Atmospheric 

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. 
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                                                  Table 4.  DC-8 Time Series Plot Order

Plate Panel Parameter Plate Panel Parameter
1 Lat, Lon 1 Chloride
2 AltP 2 Nitrate
3 TS, ProjDP 3 Oxalate
4 WNS 4 Sodium

1

5 WND

11

5 Ammonium
1 Ozone 1 Potassium
2 Carbon Monoxide 2 Calcium
3 Methane 3 Magnesium
4 Carbon Dioxide 4 Beryllium-7

2

5 Water Vapor Mixing Ratio

12

5 Sulfate
1 NO 1 Sulfur Dioxide
2 NO2 2 Fine aerosol NSS Sulfate
3 HNO3 3 OCS
4 PAN, PPN 4 DMS

3

5 HCN, Acetonitrile

13

5 Methyl Iodide
1 OH 1 Methyl Chloride
2 HO2 2 Chloroform
3 CH2O 3 CN>4nm
4 Hydrogen Peroxide 4 Unheated CN>14nm

4

5 Methylhydroperoxide

14

5 Heated/Unheated
1 Ethane 1 LWC Calc
2 Propane 2 Aerosol absorption 565 nm
3 i-Butane, n-Butane 3 Equivalent BC mass
4 i-Pentane, n-Pentane 4 Scatter 450 nm

5

5 Ethyne

15

5 Angstrom exponent 450-700
1 Ethene 1 Number dry (.1 to .75 um)
2 C3H8/C2H6 2 Number (.75 to 2 um)
3 C2H4/C2H6 3 Number (2 to 5 um)
4 C2H2/CO 4 Number (5 to 20 um)

6

5 C2H6/CO

16

5 Number (20 to 50 um)
1 Benzene 1 Surface dry (.1 to .75 um)
2 Perchloroethylene 2 Surface (.75 to 2 um)
3 1-2-Dichloroethane 3 Surface (2 to 5 um)
4 Acetone 4 Surface (5 to 20 um)

7

5 Methyl Ethyl Ketone

17

5 Surface (20 to 50 um)
1 Methanol 1 O3 Col
2 Ethanol 2 SZA
3 Acetaldehyde 3 J(O3)
4 Propanal 4 J(H2O2)

8

5 Butanal

18

5 J(NO2)
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Table 4. Concluded

Plate Panel Parameter Plate Panel Parameter
1 Methyl Nitrate 1 J(NO2)N + J(NO2)Z
2 Ethyl Nitrate 2 J(NO2)N/J(NO2)Z
3 i-Propyl Nitrate 3 Roll
4 n-Propyl Nitrate 4 AltCab

9

5 2-Butyl Nitrate

19

1 CFC-12
2 H-1211
3 HCFC-142b
4 HCFC-22

10

5 CH3CCl3
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Table 5.  Plotted Chemical Names and Formulas: DC-8

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 O3
Carbon Monoxide CO
Methane CH4
Carbon Dioxide CO2
Water Vapor Mixing Ratio H2O mixing ratio
NO Nitric oxide
NO2 Nitrogen dioxide
HNO3 Nitric acid
PAN CH3C(O)OONO2
PPN C2H5C(O)OONO2
HCN Hydrogen cyanide
Acetonitrile CH3CN
OH Hydroxyl radical
HO2 Hydroperoxyl radical
CH2O Formaldehyde
Hydrogen peroxide H2O2
Methylhydroperoxide CH3OOH
Ethane C2H6
Propane C3H8
i-Butane i-C4H10
n-Butane n-C4H10
i-Pentane i-C5H12
n-Pentane n-C5H12
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
Benzene C6H6
Perchloroethylene C2Cl4
1-2-Dichloroethane 1-2-C2H4Cl2
Acetone CH3COCH3
Methyl Ethyl Ketone C2H5COCH3
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Table 5. Continued

Variable Name Other Names
Methanol CH3OH
Ethanol C2H5OH
Acetaldehyde CH3CHO
Propanal C2H5CHO
Butanal C3H7CHO
Methyl Nitrate CH3ONO2
Ethyl Nitrate C2H5ONO2
i-Propyl Nitrate i-C3H7ONO2
n-Propyl Nitrate n-C3H7ONO2
2-Butyl Nitrate 2-C4H9NO3
CFC-12 CCl2F2
H-1211 CBrClF2
HCFC-142b CH3CF3Cl- Freon 142b
HCFC-22 CHF2Cl- Freon 22
CH3CCl3 Trichloroethane
Chloride Cl-

Nitrate NO3-

Oxalate C2H2O4
Sodium Na
Ammonium NH4+

Potassium K
Calcium Ca+

Magnesium Mg
Beryllium-7 7Be
Sulfate SO4-

Sulfur Dioxide SO2
Fine aerosol NSS sulfate Fine aerosol non-sea-salt sulfate
OCS Carbonyl Sulfide
DMS Dimethyl Sulfide
Methyl Iodide CH3I
Methyl Chloride CH3Cl
Chloroform CH3Cl3
CN>4 nm Condensation nuclei
Unheated CN>14nm Condensation nuclei
Heated/Unheated Condensation nuclei
LWC calc Liquid water content
Aerosol absorption 565 nm Aerosol optical properties
Equivalent BC mass Aerosol optical properties
Scatter 450 nm Aerosol optical properties
Angstrom exponent 450-700 nm Aerosol optical properties
Number dry (.1 to .75um) Aerosol number density
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Table 5. Concluded

Variable Name Other Names
Number (.75 to 2um) Aerosol number density
Number (2 to 5um) Aerosol number density
Number (5 to 20um) Aerosol number density
Number (20 to 50um) Aerosol number density
Surface dry (.1 to .75um) Aerosol surface area
Surface (.75 to 2um) Aerosol surface area
Surface (2 to 5um) Aerosol surface area
Surface (5 to 20um) Aerosol surface area
Surface (20 to 50um) Aerosol surface area
O3 Col Ozone column
SZA Solar zenith angle
J[O3->O2+O(1D)] Photolysis frequency
J[H2O2->2OH] Photolysis frequency
J[NO2->NO+O(3P)] Photolysis frequency
J(NO2)Nadir + J(NO2)Zenith Photolysis frequency
J(NO2)Nadir/J(NO2)Zenith Photolysis frequency
Roll Roll angle
AltCab Cabin altitude
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Figure 2(a). TRACE-P transit flight tracks.

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 4D – page 33

Flight 5D – page 63

Flight 6D – page 93

Flight 7D – page 123

Flight 8D – page 155

Flight 9D – page 185

Flight 10D – page 213

Flight 11D – page 241

Flight 12D – page 273

Flight 13D – page 303
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Flight 14D – page 335

Flight 15D – page 363

Flight 16D – page 397

Flight 17D – page 425

Flight 18D – page 453

Flight 19D – page 483

Flight 20D – page 513
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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 on the data sets, which result from the 

EOS program and other elements of the Earth Science Enterprise.  The ASDC data can be 

(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 8amñ4:30pm, Eastern Time) 

 FAX:  (757) 864-8807 

 Email:  larc@eos.nasa.gov 
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