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I. INTRODUCTION AND OVERVIEW

The INTEX* field campaign is being proposed as an integrated field experiment that uses surface, airborne, and satellite platforms, together with models to assess the impact of human induced emissions on the composition and chemistry of the atmosphere in the Northern Hemisphere (NH).  Its primary objectives are:

• to quantify the export and chemical evolution of radiatively and chemically important trace gases and aerosols from eastern North America to western Atlantic (Phase A) and elucidate the mechanisms and pathways associated with these transport processes.

• to quantify the impact of Asian pollution on the eastern Pacific as input to North America (Phase B) and elucidate the mechanisms for these transport processes.

A parallel objective is to develop the airborne database to test and evaluate satellite observations
INTEX is a result of activities following the NASA Snowmass workshop held in August 1999.  The central premise of this workshop was that within the next 3 or so years satellites would allow near global atmospheric chemistry measurements permitting an integrated view of the atmosphere.  Satellite and aircraft missions naturally complement each other, and a challenging task is to design campaigns that take full advantage of this synergy (Singh and Jacob, 2000).  INTEX is designed with this perspective in mind.  INTEX supports the new IGAC (International Global Atmospheric Chemistry) Project initiative on the Intercontinental Transport and Chemical Transformation (ITCT) of pollution (ITCT, 2000).  INTEX also has elements that complement the US Carbon Cycle Program (Sarmiento and Wofsy, 1999) and the ongoing NASA SASS Program.  

Our quantitative knowledge of the export fluxes of gases and aerosols to the global atmosphere is poor.  There is a clear need, from a policy and societal perspective, to quantify these exports from Asia and North America to the global atmosphere and to assess their impact on global air quality and climate.  INTEX is being driven by the following overarching considerations:

• Concentrations of trace gases and aerosols will continue to rise and impact global/regional climate.

• Changes in anthropogenic emissions and changes in climate will affect atmospheric oxidant and aerosol concentrations on a global scale.

• Regional air pollution will remain a major environmental problem in the developed world and will increasingly affect the developing world.
__________________________________________________________________

*See appendix for acronyms 

The NH continents are a major global source for many environmentally important gases and aerosols.  Nearly 90% of the industrial production and anthropogenic emissions occur between 20-60˚ N.  These emissions are extremely complex with sources from highly industrialized and automobile based economies (US, Europe), developing countries (China and India) where sources can include high sulfur coal and agricultural burning, and terrestrial biogenic emissions (Akimoto et al., 1994; Ramanathan et al., 1997; van Aardenne, 1999; Schere et al., 2000).  Figure 1 shows an example of the sources of atmospheric nitrogen oxides, critical to ozone formation in the troposphere, with significant elevations at NH midlatitudes.  Similar elevations in the emissions of other chemicals such as VOCs, CO, CO2, metals, and Persistent Organic Pollutants (POPs) are also present.  There is substantial evidence that pollution from these continents can travel over thousands of miles and impact air quality in downwind regions (Prospero and Savoie, 1989; Dickerson et al., 1995; Atherton et al., 1996; Bertsen et al., 1999; Jacob et al., 1999, NARE I, 1996; NARE II, 1998; SONEX I, 1999; SONEX II, 2000).  It is estimated that Asia exports some 8 and 6 Gmoles day-1 of CO and O3 to the Pacific Ocean while North America exports 6 and 5. Gmoles day-1 to the Atlantic Ocean, respectively.  It is also found that these air masses have sufficient precursors to continue to form O3 during transport.  The effectiveness of O3 pollution control strategies depends critically on the level of O3 present in the background air.  In addition there is recognition that aerosols not only have an important role in radiation but can impact gas phase chemistry in significant ways (Dentener et al., 1996; Ramanathan et al., 1997; Tabazadeh et al., 1998).  

Asia has some of the highest rates of industrial growth and its emissions will surpass those of the industrialized west in the coming decades (van Aardenne et al., 1999).  Indeed several recent GTE experiments (TRACE-P, PEM-West A&B) have been performed in the western Pacific to assess the composition and chemistry of Asian emissions (Hoell et al., 1996, 1997; McNeal et al., 1998).  The inaccessibility of source regions over Asia has provided a less than ideal environment to quantitatively assess these source sink relationships.  North America is an industrialized region and the task here is better-constrained than elsewhere due to excellent meteorological coverage, relatively reliable emission inventories, and fairly detailed documentation (from both an observational and modeling perspective) of the chemistry of the continental boundary layer.  North America provides an ideal testing ground for developing the general methodology needed to quantify the export of gases and aerosols from large geopolitical source regions and their atmospheric impact.  To date Atlantic programs (e. g. NARE, AEROCE, TARFOX) have lacked high-altitude, far-ranging aircraft platforms and often adequate chemical instrumentation for many trace species (Dickerson et al., 1995; NARE I, 1996; NARE II, 1998).  SONEX was an exception to this rule but its dedicated objective to assess the impact of aircraft NOx emissions kept it in the UT/LS region (SONEX I, 1999; SONEX II, 2000).  No effort yet has been made in the region of the eastern Pacific to assess the transoceanic impact of Asian emissions on North American air quality.  

With the above background in mind, INTEX will focus its activities on the western Atlantic and the eastern Pacific and fill these gaps through the use of the NASA DC-8 and P-3 aircraft with extensive chemical and aerosol payloads and integration with satellites.  A mid-continental site in Wisconsin (45.9˚N, 90.3˚W) during Phase A is also included to characterize the continental troposphere.  A stratospheric component can be added to INTEX by incorporating higher flying platforms such as the 
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Figure 1:  Source distribution of nitrogen oxides as a function of latitude (Source: P. Kasibhatla)

ER-2 to address key questions especially in the mid-latitude lower stratosphere.  We envision that INTEX will take place in two intensive phases. Phase A intensive will focus on the eastern seaboard of North America where most of the chemical outflow takes place.  Phase B intensive will focus on the eastern Pacific where the impact of Asian emissions is maximum.  The ideal timing for Phase A is during summer when biogenic sources/sinks of NMHC and greenhouse gases, anthropogenic influence on tropospheric ozone and OH, and the climatic effect of midlatitude aerosols are all at or near their maximum.  The ideal timing for Phase B is late spring when the Asian impact is expected to be at its peak (Prospero and Savoie, 1989).  It is expected that the primary INTEX objectives can be met through the use of the DC-8 and P-3 aircraft.  Essential to the success of INTEX will be the combined perspective afforded by aircraft and satellite measurements on the chemical outflow from continents to the oceans.  The AURA and ENVISAT polar-orbiting satellites, expected to be operational during INTEX, will provide global and continuous measurements of tropospheric O3, CO, CH4, CH2O, SO2, NOx, HNO3, and aerosols.  A substantial portion of INTEX will be dedicated to the task of evaluating and validating satellite observations.

We expect INTEX to generate considerable interest from the international scientific community especially from Europe and Asia.  Mechanisms that define the flow of pollution from North America to Eastern/Central Atlantic are important to INTEX during Phase A.  Eastern Atlantic studies are expected to be undertaken by European partners in coordination with INTEX.  During Phase B, we expect activity in the western Pacific to be undertaken by our Asian collaborators.  NOAA already has plans that complement this proposed activity.  Limited collaboration with the new SASS program to study the effect of aviation emissions (particles, NOx, etc.) on the UT/LS is easily accommodated within the INTEX context.  In addition, involvement of satellite science communities is expected.  A steering committee has been assembled to facilitate collaboration and maximize science returns.  

II.  SCIENTIFIC OBJECTIVES

The INTEX aircraft mission will provide the observational data base needed to constrain and evaluate model estimates of the export from North America and Asia of ozone and its precursors (hydrocarbons and NOx), aerosols, and major greenhouse gases (CO2, CH4, N2O).  It will use data acquired from surface, airborne, and satellite platforms, together with models, to achieve the following objectives:

• quantify the export and chemical evolution of radiatively and chemically important trace gases and aerosols from eastern North America to western Atlantic (Phase A) and elucidate the mechanisms and pathways associated with these transport processes.

• quantify the impact of Asian pollution on the eastern Pacific as input to North America (Phase B) and elucidate the mechanisms for these transport processes.

A parallel objective of INTEX is to develop the airborne database to test and evaluate satellite observations
INTEX will be performed over the western Atlantic during the summer (July-September) of 2003 (Phase A) and over the Eastern Pacific both during the summer of 2003 (Phase A) and spring of 2005 (Phase B).  A continental site (northern Wisconsin) is selected especially to develop a curtain profile of greenhouse gases (including CO2, CH4, N2O) and other pollutants across North America.  INTEX will focus on processes in the boundary layer as well as in the free troposphere.  We envision the use of a DC-8 and the P-3 as the primary platforms.  A higher flying platform such as the ER-2 can be added to enhance stratospheric objectives with a focus on the mid-latitude lower stratosphere. INTEX expects to coordinate activities with European and Asian colleagues to assess the impact of US emissions on Europe, and Asian emissions on North American air quality.  The important stratospheric chemical and dynamical questions that could be addressed during INTEX are discussed separately in section III-G.  The primary stratospheric objective will be to address critical questions about the chemistry and dynamics of the lower stratosphere ozone loss and the exchange of pollution across the tropopause boundary.

Main objectives:

• Conduct the INTEX airborne field mission over Eastern Pacific, continental North America, and Western Atlantic.  Collect a reliable and comprehensive body of atmospheric data using airborne platforms that include ozone and its precursors (VOC and reactive nitrogen species), aerosols, major greenhouse gases (CO2, CH4, N2O), free radicals, chemical tracers, and other important chemical and meteorological parameters.  Obtain measurements from source regions, background atmosphere, and from the outflow region under carefully selected meteorological conditions.

• Coordinate and integrate the airborne measurements to test and evaluate satellite observations, especially from the AURA and ENVISAT platforms, of selected chemicals (such as CO, O3, HNO3, NOx, HCHO, H2O) in the troposphere and lower stratosphere. 

• Using statistical and modeling techniques, analyze and interpret INTEX airborne and concurrent satellite measurements to develop a quantitative budget of pollutant emissions over North America, and assess the impact of Asian and North American emissions on ozone and aerosol in the boundary layer and aloft.

• Develop and understand mechanisms for intercontinental transport of pollution at mid-latitudes in the NH both in the boundary layer and aloft.  

• Develop collaborations with Asian and European partners to perform studies in the western Pacific and Eastern Atlantic during INTEX.

• Provide a better understanding of ozone loss processes in the lower stratosphere and explore the impact of the injection of pollutants into the LS region during periods of deep convection.

Sub-objectives:

• Test and compare critical observations of key trace species (CO, O3, HNO3, NOx, HCHO, H2O) from in-situ and remote sensing satellite instruments in the troposphere and LS. 

• Develop a curtain profile of CO2 (and other trace gases) across North America to assess the possibility of terrestrial sinks for the carbon cycle.

• Compare directly observed chemical fields with those predicted by models.  

• Test theories of photochemical O3 and aerosol formation and removal in background and polluted air masses.

• Investigate the role of aerosols in heterogeneous chemistry and partitioning of key trace gases.

• Investigate the role of organic emissions as components of aerosol and in the overall carbon and radiation cycle.

• Investigate the role of key meteorological events such as frontal passages and convection/lightning (especially during summer thunderstorms) that play a significant role in the export of pollution from the continents and influence atmospheric chemistry at all altitudes including the lower stratosphere.

• Assess and quantify the impact of stratospheric/tropospheric exchange processes on tropospheric ozone and aerosols.

• Explore the role of aircraft emissions of NOx, soot particles, CO2, SO2 and H2O on UT/LS composition with special focus on heterogeneous effects that may be active in recycling of NOx.

III. Technical Plan

A. Measurements, instrumentation and proposed payload

The timing of INTEX is ideal as many of the key airborne instruments are ready and tested, while critical new ones are in progress and likely to be ready in time for this deployment.  At the same time, observations from satellites are at hand and the two greatly complement each other.  As an example, a new generation of chemical ionization mass spectrometric (CIMS) and derivative techniques can measure a number of key species (e. g. HNO3, HNO4, SO2, DMS, H2SO4, HCN, acetone) with a fast time resolution.  New airborne instruments that can measure free radicals (OH/HO2) to test photochemical theory are now available.  Reactive nitrogen instrumentation is mature and nearly all of the key components (NO, NO2, PAN, HNO3, aerosol nitrate) can be accurately measured.  Single particle spectrometric techniques allow knowledge of the composition of individual particles at a variety of size cuts and quantitative information may be forthcoming within a few years.  In Table 1 we have assembled and ranked a comprehensive set of measurements (chemical and physical) that would be highly desirable for the airborne payload of INTEX.  This list is based on knowledge of existing measuring capabilities and an optimistic assessment of ongoing developments.  Nominal specifications for proposed measurements are also provided in Table 1.  To what extent each measurement capability is best suited for an individual platform will be resolved later as INTEX becomes more certain.  In addition the ER-2 payload has not been suggested but is expected to be similar to the recently completed POLARIS mission (Newman et al., 1999).  Supporting measurements will include ozonesondes and possibly ground based lidars.

The limited temporal and spatial extent of aircraft observations is greatly enhanced by satellite observations.  Table 2 summarizes the principal satellite instruments expected to provide information on tropospheric composition over the next few years.  In the past, satellites have provided critical and detailed chemical data on the global distribution of key trace gases in the stratosphere.  The instruments on board ENVISAT and AURA will provide the first space-based vertical profiles of a suite of gases in the troposphere.  Only those standard products for which retrieval capability has been carefully assessed are listed in Table 2.  The high-resolution spectroscopic measurements from MIPAS, SCIAMACHY and TES have the potential to yield data on a large number of additional species.  TES, for example, has the potential to provide global maps of species such as H2O2, acetone, methanol, HCN, HNO4, SO2, and PAN.  Clearly these extensive satellite measurements need to be evaluated by comparing with established airborne instrumentation especially in the troposphere.  INTEX will devote substantial effort to generating the airborne database that could be directly compared with satellite observations.

B. operations, deployment and management

As stated earlier, the prime regions for the conduct of INTEX are the western Atlantic, mid-continental North America, and the Eastern Pacific.  The mission strategy presently favors the conduct of Phase A in the summer (July-September) when emissions, photochemistry, and sinks are near their peak.  The major Phase A component can be performed over the western Atlantic with bases in Bangor (45˚N; 68˚W), Maine and Bermuda/or Azores (38˚N; 25˚W).  Phase A will have a minor component in eastern Pacific and continental North America to characterize the input to the North American air in summer as well as to develop a tropospheric curtain of pollutant profile across the continental U. S (see Figures 2 and 3).  The continental site is chosen in northern Wisconsin (45.9˚N’ 90.3˚W) as it is central and there has been extensive ongoing activity dedicated to the study of carbon cycle here since 1994 (P. Bakwin-private communication).  Based on available data and meteorological considerations, Phase B is best done in the late spring when the Asian impact is at its maximum.  The operational base for Phase B will be a West Coast site (e. g. Seattle) and Hawaii.  These bases are selected to provide maximum flexibility in intercepting major outflow patterns both in free troposphere and in the boundary layer.  Conduct of INTEX will require both DC-8 and P-3 aircraft.  As stated earlier an ER-2 would be required for a lower stratospheric component.  Operations in cloud free environments will yield the maximum synergy between airborne and satellite measurements.

C. Proposed flight duration and characteristics

The DC-8 will fly at a maximum altitude of up to 12 km and we expect to sample both the troposphere and lower stratosphere.  The P-3 will be focused on lower altitudes generally below 7 km.  The two aircraft will be coordinated to achieve maximum synergy between surface and free tropospheric outflow features.  Sampling time will also be dedicated to characterizing background conditions least impacted by fresh emissions.  Vertical profiles from 0-12 km in the latitude region of 20-60˚N will be obtained.  In addition we should be able to sample stratospheric intrusions that can be found at lower altitudes well in the troposphere.  Regions impacted by continental convection and lightning episodes will be studied.  Several flights will be dedicated to evaluate satellite observations.  Each intensive phase of INTEX utilizes both the DC-8 and the P-3 aircraft and can be completed within a 6-8 week deployment period.  A total of approximately 200 flight hours for Phase A and 160 flight hours for Phase B are envisioned.  Approximately 25% of these flight hours will be dedicated to the test and evaluation of satellite observations.
Although detailed flight planning, including flights for satellite validation studies will be done at a later time.  We expect continental outflow to be sampled via a series of “wall” flights and “chemical aging” flights.  Examples of these are shown in Figures 4 and 5.  The sampling of the outflow will use a wall pattern with the aircraft flying stacked patterns of horizontal legs perpendicular to the outflow and separated by a few km altitude.  Regions of outflow will be identified on a day-to-day basis using meteorological and chemical tracer model forecasts.  The length of a typical wall will be several hundred km, and the wall pattern may be repeated over the duration of the flight, in order to assess photochemical aging of reactive species as part of our process studies and also to obtain the representative sampling of the outflow needed for testing 3-dimensional chemical tracer models.  The two aircraft will be used to sample different outflow regions on any 
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Figure 2: Mean summer meteorological features at 850 mb (a) and 300 mb (b) relevant to INTEX -Phase A.  The approximate region of intensive operation is indicated.  Squares and triangles indicate primary and alternate sites, respectively.  
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Figure 3: Mean spring meteorological features at 850 mb (a) and 300 mb (b) relevant to INTEX -Phase B.  Same as Figure 2.
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Figure 4. Typical “wall” flight patterns for the DC-8 and P-3B 
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Figure 5. Typical “chemical aging” flight pattern for the DC-8 and P-3B 

particular day; typically the P-3B will focus on low altitudes and the DC-8 on high altitudes.  Supporting measurements from ground-based sites, lidars, and sondes along 

the western and eastern seaboard of North America will provide important additional information.  The inflow of air over eastern North America from the Gulf of Mexico will be documented.  In the eastern Pacific and the continental site we expect to provide similar wall flights to fully characterize the curtain of incoming air and its development during transport.  

The INTEX aircraft mission will provide the observational data base needed to constrain and evaluate model estimates of the export from North America and Asia of ozone and its precursors (hydrocarbons and NOx), aerosols, and major greenhouse gases (CO2, CH4, N2O).  It will also provide a unique data set that covers the entire troposphere to validate models of photochemistry and transport.  The aircraft observations will provide in situ data over a wide range of conditions for validating the satellite instruments.  The satellite measurements place the limited aircraft observations in a broader context.


D. meteorological/navigational support

The meteorology for the two phases of INTEX is depicted in Figures 2 (Phase A) and 3 (Phase B).  The meteorological features of interest are the basic flow patterns between the continents, and the extent of cloudiness.  Flow patterns are important in judging the impact of US pollutants on Europe (Phase A) and the impact of Asian pollutants on North America (Phase B).  The extent of cloudiness is an indicator of the observability of the region of interest by satellites and the degree of photochemical transformation that is possible as pollutants are transported large distances from their source regions.  These figures are based on the 11 year average (1983-1993) ISCCP data (http://isccp.giss.nasa.gov/isccp.html) and a 3-year average (1997-1999) of NCEP meteorological analyses.  ISCCP middle clouds have tops between 680 and 440 mb, while ISCCP high clouds have tops above 440 mb.

At low altitudes in summer (850 mb, about 1.6 km, Figure 2A), a strong mid-oceanic high pressure region centered at 32˚N and about 45˚W dominates the flow over the Atlantic.  The tilt in this high leads to a northeastward flow across the ocean, presumably allowing pollutants from the relatively low latitudes in the US to reach the relatively high latitudes of Europe.  This flow has a maximum speed at these levels of about 9 ms-1, implying a transit time of at least a week.  As the air approaches the European continent, there is a southward flow along the Iberian coast.  Previous field experiments in this region have noted pollutants from Europe flowing south southwestward.  South of the high, at about 20-25˚N, there is a significant westward flow (the "trade winds").  On the western edge of the Atlantic, this flow bends northward and feeds into the northeastward flow across the Atlantic.  At somewhat higher altitudes (700 mb, a bit over 3 km, not shown), flows are similar, except that the eastward winds north of the mid-oceanic high are stronger (12 ms-1 maximum), while the "trade winds" are weaker.  Cloud cover above 680 mb is significant, mostly over the western half of the ocean.  Off the coast of the US, this is mostly high cloud (above 440 mb), while middle cloud (tops between 680 and 440 mb) is concentrated to the north of the weak summer storm track in the east-central Atlantic.  Off the West Coast of the US, there is a similar, though somewhat weaker, high pressure system to the Atlantic system.  This leads to a similar southward bending of the flow off the western US coast.  Low level flows have a similar magnitude to those in the Atlantic. As in the Atlantic, the flow bends southward and then westward, leading to the possibility that Asian pollutants may reach Hawaii.  At high altitudes (Figure 2B, 300 mb or about 9.5 km), cloudiness is much more limited, and the flows are much stronger, reaching a maximum of 21 ms-1 (transit times of as little as three days across the Atlantic).  The flow is also much more zonal, which means it is much less likely that high level pollutants from the US will reach the populated regions of northern Europe.  In fact, there is a significant likelihood that high level pollutants produced in the southeastern US will go southward and then westward around the monsoon high over Mexico, especially at levels higher than 300 mb.

Figure 3A depicts the low level flow for the spring phase (Phase B) of INTEX.  There is a fairly direct flow from potential sources of pollution on the Asian mainland to the US, with a significant southward and westward bending of the flow around the East Pacific High.  This high is somewhat further south than in summer.  Maximum winds at this level are 10 ms-1, similar to summer in the Atlantic.  At somewhat higher altitudes (700 mb, not shown), eastward winds are substantially stronger than in summer, with maxima of 16 meters per second, while the westward return flow at 700 mb during Spring is weaker than the 700mb return flow during Summer.  Cloudiness is mostly midlevel on the east side of the ocean and high level on the west side.  In the experimental region, average cloud cover maximizes at about 60%.  At 300 mb (Figure 3B) the flow is more zonal, though the relatively similar latitudes of the US and the Asian pollution sources do not preclude pollutant transport to the US from Asia at these levels. Notably the winds are very strong, much stronger than in summer, reaching 40 meters per second. Transit times for the much broader Pacific could be as little as 3-4 days.
A meteorological team will be assembled to assist in Mission flight planning.  In addition, various meteorological products will be available in both forecast and post analysis modes.  These products will include trajectories, satellite imagery, winds and temperature at constant pressure levels, and latitude-height cross-sections of potential temperature and potential vorticity.  On board MMS will allow many of the key properties to be calculated along the flight track.  The INTEX meteorological team will ensure that targeted sampling can be done under desired conditions.  In the field, a Mission meteorologist will be responsible for managing this team.  The DC-8 and P-3 crew will be responsible for all aspects of flight safety and navigational details.  Based on our previous experience in the regions of INTEX (e. g. SONEX), careful coordination with ATC will be required.
E. theoretical support and collaborations

Both process modeling and global scale modeling will be an integral part of the INTEX effort.  Interpretation of the combined aircraft, satellite, and ground-based data in terms of outflow fluxes and ozone chemistry from continents will require 3-D chemical models driven by assimilated meteorological observations and including detailed representations of emission inventories, tropospheric chemistry, and aerosol processes.  Simulations using these models will be used (1) pre-mission to guide the selection of operational sites and flight plans, (2) during the mission to guide day-do-day flight planning using model forecasts, thus designing the flights to optimally test the models, and (3) post-mission to evaluate emission inventories and interpret the observations quantitatively in terms of export fluxes.  Co-variances between species in the continental outflow as measured by the INTEX aircraft will be of particular value for testing the models and for improving our constraints on export fluxes.  It is also anticipated that point modeling will be a key tool in the analysis of data collected during INTEX especially for testing photochemical theory.  These data will greatly enhance the prospect of a budget study of North American pollution in the summer.


F. platforms and collaborations

As stated earlier, the key platforms for this proposed experiment will be the DC-8 and P-3 aircraft as well as overhead satellites.  The incorporation of stratospheric studies will require the additional use of an ER-2.  Collaborations in the Atlantic with other airborne experiments are feasible and likely but need to be organized.  Strong interest by European, Asian, and US experimenters has been expressed.  Interaction with the new SASS program to study the effect of aviation emissions (particles, NOx, etc.) on the UT/LS is easily accommodated within the INTEX context.  INTEX will provide a clear contrast between environments that are little impacted by aircraft emissions (eastern Pacific) as well as those where the influence of aircraft emissions, as well as surface emissions from convection, may be substantial.  A global protocol involving data sharing and cooperation will be developed to encourage free flow of information among all parties involved.  To ensure a greater possibility of cooperation, some of the key people from these coordinated deployments are members of the INTEX steering committee.  This experiment has strong linkages with ITCT, GTE, SASS, and NOAA programs and has several targeted objectives that support the US carbon cycle program.


G. Linkage with lower stratospheric chemistry and dynamics

An INTEX ER-2 component can be added with a payload ideally suited to address major questions about the loss and recovery of stratospheric ozone at mid-latitudes especially in the lower stratosphere (LS).  The ceiling limitation of the DC-8 greatly diminishes the ability to operate in the LS.  An ER-2, with its capability to cover the 10-22 km altitude range, is a necessary addition to fully explore the LS.  An ER-2 platform co-flying and over flying the DC-8 will provide a unique opportunity for both inter-comparison and science objectives in the UT/LS.  INTEX/ER-2 can provide data from the UT/LS in latitudinal and longitudinal transects that span mid-latitudes and the tropics.  Some of the key questions that remain to be answered in the LS are:

• The shortfall between calculated and measured ozone loss in the LS suggests either unknown chemistry or significant uncertainties in mid-latitude transport.  The observed change in the lowermost stratosphere is important and difficult to diagnose. 

• Satellite observations of column amounts of bromine monoxide are significantly higher than expected.  If this excess BrO resides in the stratosphere, then bromine chemistry is a more important contributor to stratospheric ozone depletion than presently understood.  

• There remains significant uncertainty in the role that heterogeneous chemistry exerts, on NOx in particular, throughout the lowermost to middle stratosphere.  The importance of H2O (and therefore possible future H2O trends) to the gas phase and heterogeneous phase chemistry of the lowermost stratosphere remains poorly understood. Observations obtained near the mid-latitude tropopause are required to better define the aerosol chemistry of this region.

• North America in summer offers an excellent venue to examine troposphere-to-stratosphere exchange, particularly by convection.  Thunderstorms are active throughout the summer over Mexico, the US, and Canada, many with radar tops well above 14 km.  Tropopause penetrations by these storms are frequent.  INTEX will be conducted downstream of these convective systems, so examining the aging of stratospheric air that has been modified by boundary layer components and lightning-generated NOx will be possible.  

We envision that an ER-2 aircraft suitably equipped with NOx/HOx/BrOx/tracer payload (e. g. Newman et al., 1999), coordinated with the DC-8, will be able to address many of these questions.  Stratospheric research has a long history of interaction with satellite measurement.  Inclusion of the ER-2 component will make INTEX a truly integrated field experiment that addresses key questions in the troposphere and the stratosphere.
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APPENDIX: Acronyms relevant to this document

ATC: Air Traffic Control

CIMS: Chemical Ionization Mass Spectrometry 

GOME: Global Ozone Monitoring Experiment

GTE: Global Tropospheric Experiment

HIRDLS: High Resolution Dynamic Limb Sounder

INTEX: Intercontinental Chemical Transport Experiment

ISCCP: International Satellite Cloud Climatology Project

ITCT: Intercontinental Transport and Chemical Transformation 

MIPAS: Michelson Interferometer for Passive Atmospheric Sounding

MODIS: Moderate Resolution Imaging Spectroradiometer

MOPITT: Measurement of Pollution in the Troposphere

NAFC: North Atlantic Flight Corridor

NARE: North American Regional Experiment

NCEP: National Center for Environmental Prediction

NMHC: Nonmethane Hydrocarbons

OMI: Ozone Monitoring Instrument

PEM: Pacific Exploratory Mission

POLARIS: Photochemistry of Ozone Loss in the Arctic Region in Summer (POLARIS) 

POLINAT: Pollution from Aircraft Emissions in the North Atlantic Corridor

SASS: Subsonic Aircraft Assessment 

SCIAMACHY: Scanning Imaging Absorption Spectrometer for Atmospheric Chartography

SOLVE: SAGE III Ozone Loss and Validation Experiment

SONEX: SASS Ozone and NOx Experiment

TES: Tropospheric Emission Spectrometer

TOMS: Total Ozone Mapping Spectrometer

UARP: Upper Atmosphere Research Project

UT/LS: Upper Troposphere/Lower Stratosphere

Table 1: Available airborne payload for tropospheric chemistry research

Species/parameters
Availability
Detection limit 
Nominal 

resolution
Instrument 

principle*

Comments




(seconds)




In situ instrumentation







O3 
yes
3 ppb
1 s
UV-phot./CL



NO
yes
3 ppt
5 s
CL/LIF



H2O
yes
2 ppm
5 s
Cryogenic/TDL



CO
yes
3 ppb
5 s
TDL



CO2
yes
0.5 ppm
5 s
NDIR



N2O
yes
0.5 ppb
5 s
TDL



CH4
yes
10 ppb
5 s
TDL



NO2
yes?
10 ppt
100 s
CL/LIF/TDL

Improvements desired

HNO3
yes?
10 ppt
200 s
IC/TDL/CIMS

Improvements desired

PAN
yes
2 ppt
200 s 
GC-EC

Faster response desired

HNO4/HNO2
no
5 ppt
----
----

Development required

H2O2
yes
10 ppt
200 s
HPLC/TDL



CH3OOH
yes
10 ppt
200 s
HPLC



HCHO
yes?
20 ppt
100 s
HPLC/TDL

Improvements required

OH/HO2
yes
0.01 ppt
100 s
LIF/CIMS

Improvements in 

calibrations desired

DMS
yes
5 ppt
200
GC-MS



SO2
yes
5 ppt
200 s
GC-MS/CIMS



OCS
yes
5 ppt
200 s
GC-MS



NMHC/halocarbons/ Organic nitrates
yes
1-10 ppt
200 s
grab sample/GC

Faster response desired

Acetone/oxygetaed organics
yes
20 ppt
200 s
GC/RGD/CIMS

Faster response desired

NOy
Yes?
30 ppt
10 s
CL/LIF

Non-specific 

H2SO4
yes
0.01 ppt
100 s
CIMS



Total aerosol
yes
D>100 nm
1 s
Optical particle counter



Fine aerosol
yes
D>3 nm
1 s
CN counter



Black carbon
yes
100 ng/SMC
300 s
Aetholometer



Sized single particle composition
yes/?
D>100 nm
1 s
Impactor/mass spectrometer

<100 nm size cut 

desired

Bulk aerosol composition
yes

300 s
Filters



22Rn, 210Pb, 7Be
yes
0.05, 0.1, 1.0 Bq/SCM
300 s
Filter packs


Remote instrumentation 







O3 
yes
5 ppb
≈ 50 m
Lidar



Aerosol
yes
SR 1 at 1 m
≈ 50 m
Lidar



H2O
yes
20 ppm
≈ 50 m
Lidar


T
yes
2 K
1 K
Microwave


j-values-UV 
2/RS/DT
10-5/s
1 s
Spectral radiometers
Add optical depth

Extinction/scattering
yes

0.3-1 s
Sunphotometer
Add O3 and NO2

Physical parameters





Lightning
2/RS
range 400 km

Storm scope


Met. meas. system
1/S
0.1%
0.1-1 sec
u,v,w,T,P


Drop sondes
2/S
0.1%
1 sec
u,v,w,T,P, O3


*UV: Ultraviolet radiation; CL: Chemiluminescence; LIF: Laser induced flourescence; TDL: Tunable diode laser; NDIR: Non-dispersive infrared; CIMS: Chemical Ionization Mass Spectrometry; GC: Gas chromatography; HPLC: High performance liquid chromatography; ECD: Electron capture detector; RGD: Reduction gas detector
Table 2. Major space-based tropospheric chemistry trace gas and aerosol data sets

Sensors
TOMS/

TRIANA*
GOME
MOPITT
MODIS
SAGE III
SCIAMACHY
MIPAS
TES#
HRDLS
OMI*
MLS

launch year
1979-
1995
1999
1999
2003
2001
2001
2002
2002
2002
2002

O3
column
column


z= 1km

(UT)
column+, 

z= 3-4km limb
z>5 km

limb
z= 2/4 km

limb/nadir
z= 1 km

(UT)
column
UT

H2O
column


column
z= 1km

(UT)
column+, 

z= 3-4km limb
z>5 km

limb
z= 2/4 km

limb/nadir
z= 1 km

(UT)
column
UT

CO


3-4 levels


column+, 

z= 3-4km limb
z>5 km

limb
z= 2/4 km

limb/nadir


UT

NO







tropical UT; 

z= 2 km




NO2

column



column+, 

z= 3-4km limb



column


HNO3






UT
UT; 

z= 2 km
z= 1 km

(UT)



CH4


column


column+, 

z= 3-4km limb

column




CH2O

column





column+ 

z= 3-4km limb



column


SO2

column





column

column

column


BrO

column



column+, 

z= 3-4km limb






Aerosol
column


column
z= 1km

(UT)
Column/profiles



column


*TOMS has been in operation since 1979.  Last launch was in 1996 and data continues to be collected at this time. Next TOMS launch is expected to be in year 2000.  TRIANA and OMI will take over TOMS functions in year 2002.  Much information on the AURA instruments (TES, HRDLS. OMI and MLS) is available from http://eos-chem.gsfc.nasa.gov/.
#A number of additional derived chemical products such as acetone, methanol, H2O2, HCN, NH3, HNO4, SO2, and PAN are possible. 

UT= upper troposphere
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