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ACRONYMS

	AATS 
	Ames Airborne Tracking Sunphotometer(s)

	ACE
	Aerosol Characterization Experiment

	ADAM
	Asian Dust and Aerosols above Monterey

	AERONET
	Aerosol Robotic Network

	AIRS
	Atmospheric Infrared Sounder

	AOD
	Aerosol Optical Depth

	ARM
	Atmospheric Radiation Measurement

	AVHRR
	Advanced Very High Resolution Radiometer

	BRDF
	Bidirectional Reflectance Distribution Function

	CALIOP
	Cloud-Aerosol LIdar with Orthogonal Polarization

	CALIPSO
	Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observations

	CCSP
	Climate Change Science Program

	CIRPAS
	Center for Interdisciplinary Remotely Piloted Aircraft Studies

	CLAMS
	Chesapeake Lighthouse & Aircraft Measurements for Satellites

	COZ
	Columnar Ozone

	CWV
	Columnar Water Vapor

	DIAL
	Differential Absorption Lidar

	DOE
	Department of Energy

	DU
	Dobson Unit (10-3 atm-cm)

	EOS
	Earth Observation System

	ESE
	Earth Science Enterprise

	EVE
	Extended-MODIS-( Validation Experiment

	HIRDLS
	High Resolution Dynamics Limb Sounder

	HIS
	High resolution Interferometric Sounder  

	HSRL
	High Spectral Resolution Lidar

	IGAC
	International Global Atmospheric Chemistry



	INTEX or
INTEX-NA
	Intercontinental Chemical Transport Experiment-North America

	INTEX-A or -B
	Phase A or B of INTEX-NA

	
	

	
	

	IOP
	Intensive Observation Period

	IR
	Infrared

	ITCT
	Intercontinental Transport and Chemical Transformation

	MAS
	MODIS Airborne Simulator

	MASTER
	MODIS/ASTER Airborne Sensors

	MISR
	Multi-Angle Imaging Spectroradiometer

	MODIS
	Moderate-resolution Imaging Spectroradiometer

	OCO
	Orbiting Carbon Observatory

	OMI
	Ozone Monitoring Instrument

	PARASOL
	Polarization and Anisotropy of Reflectances for Atmospheric Sciences coupled with Observations from a Lidar

	POLDER
	Polarization and Directionality of the Earth’s Reflectances

	PRIDE
	Puerto Rico Dust Experiment

	PSAP
	Particle Soot Absorption Photometer

	PSC
	Polar Stratospheric Cloud

	SAFARI
	Southern African Regional Science Initiative

	SGP
	Southern Great Plains

	SOLVE II
	SAGE III Ozone Loss and Validation Experiment II

	SSA
	Single Scattering Albedo

	SSFR
	Solar Spectral Flux Radiometer 

	SZA
	Solar Zenith Angle

	TARFOX
	Tropospheric Aerosol Radiative Forcing Observational Experiment

	TC4
	Tropical Composition, Cloud and Climate Coupling

	TCSP
	Tropical Cloud Systems and Processes

	TES
	Tropospheric Emission Spectrometer

	TOMS 
	Total Ozone Mapping Spectrometer

	TTL
	Tropical Tropopause Layer

	UV
	Ultraviolet


1 ABSTRACT / EXECUTIVE SUMMARY
We propose airborne sunphotometer measurements and integrated analyses to support the validation of Aura and other A-Train satellites as well as the scientific goals of Phase B of the Intercontinental Chemical Transport Experiment-North America (INTEX-B, April-May 2006).  Measurements will be made by the Ames Airborne Tracking Sunphotometer (AATS-14) on a low-altitude aircraft. They will focus on aerosols and water vapor, which are a high priority in the Aura validation plan and the INTEX white paper. In particular, AATS-14 measurements of aerosol optical depth (AOD), aerosol extinction, water vapor column content, and water vapor concentration will be used in analyses that stress evaluating the accuracy of the corresponding satellite data products and assessing aerosol and water vapor impacts on radiation budgets and climate. The measurements will be coordinated with overpasses of Aura and other A-Train satellites and with measurements by other aircraft and ground sites.  Analyses will include studies of the consistency among suborbital measurements by diverse techniques, tests of chemical-transport models, and assessments of regional radiative forcing.
The work proposed here is directly aimed at answering ESE questions about Earth’s natural variability (ESE strategic question 1), especially the CCSP question “What are the climate-relevant chemical, microphysical, and optical properties, and spatial and temporal distributions, of human-caused and naturally occurring aerosols?”. This proposal aims in part to investigate the variability of aerosol properties and how well this variability is captured by the A-Train sensor suite. Further, because aerosols are a major climate forcing agent, our proposed validation work is also aimed at determining how well EOS sensors measure the primary forcings of the Earth system (ESE strategic question 2). 

Aura data products we propose to validate include AOD from OMI and water vapor from TES, with possible applications to HIRDLS and MLS.  We will also use our data to validate products from other A-Train sensors, including aerosol extinction from CALIPSO and AOD and water vapor from MODIS-Aqua, POLDER, and AIRS-Aqua.  We will stress flights over the ocean, where there is a data void from surface networks (e.g., AERONET), but will make enough measurements over surface sites to link our data set to theirs.  Our studies will also test consistency among the different satellite sensors and provide AATS-derived measurements of the ozone column above the aircraft during suitable conditions.
Our proposed measurements will build on the success of the AATS-14 measurements made on the Jetstream 31 aircraft in INTEX-A in July-August 2004.  Our proposed validation studies and integrated analyses will build on those we plan for the INTEX-A data set and on those already conducted for other field campaigns, including SAFARI-2000, PRiDE (2000), ACE-Asia (2001), CLAMS (2001) and EVE (2004).  Our results from these studies have been used extensively in the validation of satellite sensors aboard various EOS platforms, providing important aerosol information used in the improvement of retrieval algorithms for the MISR and MODIS sensors among others. 
Although the costs presented on the cover page of this proposal do not include the costs for aircraft deployment in INTEX-B, the total budget presented in section 8.1 includes such estimates, in case AATS-14 is not chosen to fly on one of the aircraft already participating in INTEX-B. 

Related proposal: This proposal is one of two submitted by the Ames sunphotometer group in response to NRA NNH04ZYS004N. The first (SYS-EYFUS # AURA/04-0236-0234, PI Jens Redemann, submitted 30 August) is for measurements in the Aura/TC4 campaigns in Costa Rica (July 2005) and Australia (January 2006), plus a CALIPSO validation experiment in Virginia (Summer 2005). The current proposal is for a separate experiment (INTEX-B, April-May 2006).  The only overlap between the two proposals is the March 2006 calibration at Mauna Loa Observatory.  If both proposals are funded we estimate savings of $24,000 in travel, labor, and shipping by making only one such calibration trip.

2 BACKGROUND AND RATIONALE 

Aerosols introduce major uncertainty into predictions of Earth’s climate. Current estimates of aerosol-induced perturbations of Earth’s radiation budget have large uncertainty because aerosol size, composition, and shape distributions are highly variable in space and time, owing to their heterogeneous sources and short lifetimes. Satellite sensors of aerosols [Kaufman et al., 2002; Ramanathan et al., 2002] are essential to developing an accurate description of their global distribution and variability. Spaceborne aerosol sensors launched in the past few years—such as MODIS, MISR, POLDER and OMI—have made the study of tropospheric aerosols from space more quantitative than was possible with their predecessors (e.g., AVHRR and TOMS), which were not explicitly designed for aerosol work. Together the new sensors are beginning to advance our understanding of aerosol-climate interactions. However, for these global satellite aerosol observations to be most useful for the study of global climate, an extensive validation effort is required to ensure their continuous reliability and assess their accuracy. 
Water vapor, which is fundamentally important to many atmospheric processes, including the complex interplay between aerosols and radiation, is also the target of many sensors on Aura and other A-Train satellites.  As a result, both aerosol and water vapor measurements are identified as a high priority in both the Aura validation plan and the INTEX white paper. In this proposal, we seek funding to aid in the validation of sensors aboard Aura and other A-Train satellites, while addressing scientific goals of INTEX-B. The following sections provide a summary of the validation capabilities of the NASA Ames Airborne Tracking Sunphotometer (AATS-14), a brief description of the relevant Aura and A-Train sensors, their data products and validation needs, a summary of INTEX-A and –B, and some examples on previous AATS measurements in INTEX-A and other relevant experiments. 

2.1 AATS-14 capabilities relevant to this proposal

The deployments of the NASA Ames Airborne Tracking Sunphotometers (AATS-6 and AATS-14) in previous field campaigns have made significant contributions to the airborne study of atmospheric aerosols. In addition to the very promising initial results from the just-completed INTEX-A deployment (see below), the fully analyzed AATS measurements from SAFARI conducted in 2000, PRiDE in 2000, ACE-Asia in 2001, and CLAMS in 2001 have been used extensively in the validation of satellite sensors aboard the NASA EOS Terra platform.  

AATS-14 measures direct solar beam transmission in 14 narrow channels using detectors in a tracking head that rotates in two axes. Azimuth and elevation motors controlled by differential sun sensors rotate the tracking head, keeping detectors normal to the solar beam. The tracking head mounts outside the aircraft skin to minimize blockage by aircraft structures and also to avoid data contamination by aircraft-window effects. From the transmission measurements we derive AOD at 13 wavelengths (354, 380, 453, 499, 519, 604, 675, 778, 865, 1019, 1241, 1558, 2139 nm) and columnar water vapor (CWV). Under suitable conditions (see below) we also derive columnar ozone (COZ). Vertical differentiation of AOD and CWV data in suitable flight patterns yields aerosol extinction spectra and water vapor concentration. In previous field campaigns, the AATS-14 AOD measurements in the UV, visible, and near IR (out to 1 m) have been extensively compared to ground-based AERONET measurements, yielding very strong correlations (r2>0.99) and rms-differences generally less than 10% (e.g., Schmid et al., 2003a; Livingston et al., 2003, Redemann et al., 2004). Measurements of AATS CWV agreed with other CWV measurements at least to within 10% [Schmid et al., 2001; see also below]. 
For COZ the accuracy of AATS retrievals depends critically on two factors: (1) the relative magnitudes of the overlying AOD and ozone optical depth, both near 600 nm (the peak of the Chappuis ozone absorption band) and (2) solar zenith angle (SZA).  For AATS-14 data acquired at aircraft altitudes near 10 km during the recent SOLVE II mission, COZ retrievals to better than 3% accuracy (~10 DU) were achieved because AOD at 600 nm was less than or comparable to the ozone OD there (~0.04), and because the instrument calibration uncertainty was minimized by large airmass values due to SZAs >83° (Livingston et al., 2005).  For the proposed AATS measurements in INTEX-B, where data will usually be taken at small SZAs from an aircraft often flying near the ocean surface, overlying AOD is likely to exceed overlying ozone optical depth significantly.  Thus, it is unrealistic to expect AATS COZ retrieval accuracies of better than 10% (~30 DU), except when the AATS aircraft flies at higher altitudes (i.e., above most AOD) and SZA is large. 

Table 1 summarizes satellite validation studies that have used an AATS instrument. To date, seven published studies have compared AATS measurements to retrievals by MODIS or MISR aboard the EOS Terra satellite, and two publications led by the AATS team included validation of TOMS-derived AOD. These AATS results have provided important aerosol information used in the improvement of retrieval algorithms for MISR [Kahn et al., 2001, Martonchik et al., 1998] and MODIS [Martins et al., 2002, Levy et al., 2004; Chu et al., 2004]. Additional examples of AATS measurements are given in Russell et al., 1999, Schmid et al., 2000, 2003a, Livingston et al., 2003, and Redemann et al., 2003. 

Table 1. Validation of satellite derived spectral AOD published by the Co-PIs and Co-Is of this proposal.

	Sensor
	Campaign
	Region
	Surface
	Period
	Publication

	AVHRR
	TARFOX
	US East Coast
	Ocean
	July 1996
	Veefkind et al., 1999

	AVHRR
	ACE 2
	Canary Islands
	Ocean
	June/July 1997
	Durkee et al., 2000

Livingston et al., 2000

Schmid et al., 2000

	ATSR-2
	TARFOX
	US East Coast
	Ocean
	July 1996
	Veefkind et al., 1999

	ATSR-2
	SAFARI 2000
	Namibian Coast
	Ocean
	September 2000
	Schmid et al., 2003b

	GMS-5
	ACE-Asia
	Eastern Asia
	Ocean
	April 2001
	Wang et al, 2003b

	GOES-8
	PRIDE
	Puerto Rico
	Ocean
	June/July 2000
	Livingston et al., 2003

Wang et al., 2003a

	MAS
	TARFOX
	US East Coast
	Ocean
	July 1996
	Tanré et al. 1999

	MISR
	SAFARI-2000
	Southern Africa
	Ocean & Land
	September 2000
	Schmid et al., 2003b

	MISR
	ACE-Asia
	Eastern Asia
	Ocean
	April 2001
	Kahn et al., 2004

	MISR
	CLAMS
	US East Coast
	Ocean
	July/Aug. 2001
	Redemann et al., 2004

	MODIS
	PRIDE
	Puerto Rico
	Ocean
	June/July 2000
	Livingston et al., 2003

Levy et al., 2003

	MODIS
	SAFARI-2000
	Southern Africa
	Ocean & Land
	September 2000
	Schmid et al., 2003b

	MODIS
	CLAMS
	US East Coast
	Ocean
	July/August 2001
	Levy et al., 2004 Redemann et al., 2004

	MODIS
	ACE-Asia
	Eastern Asia
	Ocean
	April 2001
	Chu et al., 2004

	MODIS
	EVE
	US CA Coast
	Ocean
	April 2004
	Redemann et al., in prep.

	POAM
	SOLVE-2
	Arctic
	Ocean & Land
	Jan/Feb 2003
	Russell et al., in prep.

	SAGE 3
	SOLVE-2
	Arctic
	Ocean & Land
	Jan/Feb 2003
	Russell et al., in prep.

	SeaWiFS
	ACE-Asia
	Eastern Asia
	Ocean
	April 2001
	Hsu et al., 2002 

	TOMS
	PRIDE
	Puerto Rico
	Ocean
	June/July 2000
	Livingston et al., 2003

	TOMS
	SAFARI-2000
	Southern Africa
	Land
	September 2000
	Schmid et al., 2003b


2.2 Aerosol and water vapor observations by Aura and other A-Train instruments

The A-Train constellation will eventually include six satellites, all with equator crossing times within a 30 minute time frame.  The six satellites are Aqua, CloudSat, CALIPSO, PARASOL, Aura and OCO. Aboard these six satellites will be at least five instruments with a key goal of measuring aerosols: the MODIS instrument on Aqua, CALIOP on CALIPSO, POLDER on PARASOL, and OMI and HIRDLS on Aura.  Many A-Train instruments also measure water vapor, including TES, HIRDLS, and MLS on Aura, and AIRS and MODIS on Aqua. Table 2 contains a list of the A-Train satellite instruments and derived data products especially relevant to this proposal. The following paragraphs give more information on specific instruments targeted by this proposal, starting with those on Aura.
Table 2. Satellite sensors within the A-Train especially relevant to this proposal 

	Satellite
	Instrument
	Data products
	Resolution

	Aura
	OMI


	AOD (17(, 330-500 nm), column O3
	13x24 km, 13x12km (zoom mode)

	Aura
	TES


	Water vapor profiles, surface to 33 km
	0.5x5 km / 4 to5 km (horizontal / vertical), nadir mode

	Aqua
	MODIS
	AOD (ocean - 7(, 470-2130 nm, land - 2(, 470 + 660 nm), 

Column water vapor and profiles
	10x10 km, nadir

1-5 km (horizontal)

	Aqua
	AIRS
	Water vapor profiles, surface to 100 mb

Column water vapor, troposphere
	50 km / 2km (horizontal / vertical)

	CALIPSO
	CALIOP
	Aerosol extinction profiles (2(, 532 + 1064 nm)

AOD (2(, 532 + 1064 nm)
	333 / 30 m (horizontal / vertical)

333 m

	PARASOL
	POLDER
	AOD (2(, 670 + 865 nm)
	20x20km


OMI on Aura
OMI is a hyperspectral imager that measures UV and visible radiation scattered back by the Earth-atmosphere system. A major OMI advantage is its ability to derive aerosol optical depth and single scattering albedo over land, by using the small land surface reflectivity in the UV. This technique, developed by Herman et al. [1997] and Torres et al. [1998], is sensitive to aerosols that absorb in the near-UV, such as mineral dust, volcanic ash and carbonaceous particles. Whereas measurements of AOD and SSA by OMI’s predecessor, TOMS, were limited to a few bands in the near UV, OMI measures radiances from 270 to 500 nm, with resolution ~0.5 nm. Because of strong absorption below 330 nm by ozone, OMI-derived aerosol properties will range from the near-UV to the mid-visible (330-500 nm) at 17 discrete wavelengths [Torres et al., 2002], chosen in part to match wavelength bands of other satellite sensors such as MODIS. By incorporating wavelengths longer than TOMS, OMI will bridge the gap to retrievals by MODIS, MISR and AVHRR. OMI also has finer spatial resolution than TOMS, aiding in cloud-screening. Operationally, OMI AOD and SSA will be derived by two methods, a multi-wavelength method used mainly over ocean and the aforementioned near UV-technique, primarily used over land. One of the main purposes of this proposal is the validation of OMI AOD from both techniques, by using AATS-14 in INTEX-B (see Section 3).

TES on Aura
TES is a Fourier Transform spectrometer with spectral range 650-3050 cm-1 (3.3 - 15.4 µm), operating in both nadir and limb viewing modes.  It aims to provide the first global view of the chemical state of the troposphere (Beer et al., 1999, 2001; Worden and Bowman, 1999). Its specific Standard Products are global-scale vertical concentration profiles of ozone, water vapor, carbon monoxide, and methane from 0 to _ 33 km, and nitric oxide, nitrogen dioxide and nitric acid in the mid- and upper troposphere. TES uses a 4-day-on, 4-day-off cycle, with “off” days used for calibrations and for Special Product modes. Vertical resolution of TES nadir-view water vapor profiles is expected to be 4 to 5 km in the troposphere (Worden et al., 2004).
Strong biomass burning plumes, volcanic injections, desert dust layers, and cirrus clouds are expected to affect TES-measured radiances. In fact, experience with High resolution Interferometric Sounder  (HIS) spectra acquired on the NASA ER2 suggests that, under solar conditions and in the spectral region 2000-3050 cm-1 (3.3 to 5 µm), there is almost always some solar scattering due to atmospheric hydrometeors and aerosols in addition to the scattering from the surface.  Therefore, TES radiative transfer calculations include aerosol extinction coefficients, and TES final retrieval products include spectra of aerosol optical depth as a by-product (Beer et al., 1999). The initial approach for the limb will be to remove spectra that are strongly contaminated by solar scattering in the 2000-3050 cm-1 (3.3 to 5 µm) spectral domain, recognizing that if strong aerosol conditions exist, appropriate methods will be applied to extract as much information as possible for species optically active in this region [Rinsland et al., 1994].
In our proposed work we plan to apply water vapor measurements made by AATS-14 in INTEX-B to the validation of TES water vapor products (vertical profiles, plus column contents from those profiles). Availability of the AOD spectra simultaneously measured by AATS-14 should prove useful in these water vapor comparisons.  Even though the AATS-14 and TES wavelength regions (0.35-2.14 µm and 3.3-15.4 µm, respectively) don’t overlap, the AATS AOD results will be useful for identifying times when AODs are large, and they should be useful for bounding aerosol effects at TES wavelengths.  In this respect, it is noteworthy that AATS water vapor retrievals are virtually unaffected by strong AODs and even by cirrus clouds, because of the differencing technique used (see Section 3).
HIRDLS and MLS on Aura
HIRDLS is an IR radiometer with wavelength range 6.2 to 17.76 µm.  MLS is a microwave radiometer with frequency range 118 GHz to 2.5 THz. Both are limb viewers that produce vertical profiles of temperature and many constituents (including water vapor) in the mesosphere, stratosphere and free troposphere. HIRDLS measures aerosols (including stratospheric sulfuric acid and PSCs), and MLS is expected to measure dense volcanic aerosols. HIRDLS measurements extend upward from 8 km altitude. For water vapor the expected MLS profile base altitude is ~5 km. HIRDLS derives profiles of aerosol extinction, and detects cirrus clouds, at four wavelengths centered at ~7.1, 8.1, 12.1 and 17.5 µm [Lambert et al., 1999]. Aerosols and cirrus cause significant contamination for HIRDLS detection of CFC-11, CFC-12, and N2O5, and minor contamination for several HIRDLS trace gas measurements. 

The update to the Aura validation plan (dated March 4, 2004) identifies profiles of aerosol extinction as a high priority validation measurement. Here, we propose AATS measurements of aerosol optical depth and extinction profiles, water vapor column content and density profiles, and column ozone, mainly in support of OMI and TES. If carried out from a platform that can reach altitudes close to the lower range of the MLS and HIRDLS observations (~5-8 km), these AATS measurements may also yield a useful comparison to the HIRDLS and MLS water vapor column-integrated down to the AATS altitude, and may provide a constraint for comparison to HIRDLS AODs. However, this AOD constraint will necessarily be limited by the different spectral coverages of AATS-14, HIRDLS, and MLS.

Note on HIRDLS: We are aware of the on-going HIRDLS anomaly investigation.  Lack of HIRDLS data will not significantly impact the overall goals of this proposal.
CALIOP on CALIPSO, with connections to MODIS and POLDER
The CALIPSO satellite, to be launched in spring 2005, will carry an aerosol-cloud lidar (CALIOP), a three-channel imaging infrared radiometer (IIR) and a wide-field camera (WFC). The CALIPSO instrument suite is designed to provide a global data set on aerosol and cloud properties, enabling new estimates of the effects of aerosols and clouds on climate. The key CALIPSO instrument for this proposal is CALIOP, a polarization-sensitive lidar that will yield profiles of aerosol extinction and backscattering at 532 and 1064 nm with vertical and horizontal resolutions of 30 and 333 m, respectively. CALIOP derived profiles of aerosol properties need to be validated within 135 days of launch. For that purpose, the CALIPSO science team plans a 10-14 day validation experiment with AATS-14 invited to participate and measure AOD and aerosol extinction in profiles aboard a low-flying aircraft. This proposal aims in part to provide similar AATS measurements for continuing validation of CALIPSO in INTEX-B (see Section 3).

The combination of near-simultaneous observations of aerosol vertical distribution by CALIOP, aerosol size and properties by MODIS and POLDER, and aerosol absorption by OMI is expected to provide unprecedented insight into aerosol radiative effects. The coincidence of these measurements allows both for their simultaneous validation and for intercomparisons among the satellite sensors. 

2.3 INTEX-A and INTEX-B
The Intercontinental Chemical Transport Experiment-North America (abbreviated as either INTEX-NA or INTEX) is an integrated atmospheric field experiment focused on North America and its inflow and outflow.  Its overarching goal is to understand the transport and transformation of gases and aerosols on transcontinental-intercontinental scales and their impact on air quality and climate (Singh et al., 2002). The main constituents of interest are ozone and ozone precursors, aerosols and aerosol precursors, and the long-lived greenhouse gases.  INTEX combines satellite, surface and aircraft based measurements.  Its design aims specifically to address science questions while at the same time fulfilling validation requirements, including those described in NRA NNH04ZYS004N.
INTEX has two phases that use the NASA sub-orbital research platforms.  Phase A (INTEX-A) took place during the summer (July/August) of 2004. Phase B (INTEX-B) is planned for the spring (April/May) of 2006.  INTEX-A was in summer when photochemistry is most intense, and INTEX-B is in spring when Asian transport to North America is at its peak. As noted by the NRA, INTEX-B will primarily use medium altitude aircraft, but it is anticipated that some low altitude aircraft flights will be available. INTEX-B, based near the US West Coast at Dryden Flight Research Center in Southern California and in Seattle, will provide excellent opportunities to study radiative effects of aerosols, not only in inflow from Asia (which can include both desert dust and pollution aerosols), but in US-generated pollution.  In addition, the frequent occurrence of stratus cloud decks off the US West Coast will provide opportunities for studying aerosol effects on those clouds (i.e., the aerosol indirect effect—see Section 3). 
In INTEX-A, AATS-14 participated by flying on the low-altitude (~7 km ceiling) twin turboprop Jetstream 31 (J31).  The 19 J31 flights out of Portsmouth, NH, were highly successful, demonstrating the ability to address both scientific and satellite validation goals by coordinating measurements with satellites and with the other platforms participating in INTEX-A and NOAA’s ITCT 2004 study.  We have archived the AATS-14 data set from INTEX-A at http://www-air.larc.nasa.gov/cgi-bin/arcstat and posted flight summaries and presentations with data examples at http://geo.arc.nasa.gov/sgg/INTEX/. The following section shows examples of AATS-14 results from INTEX-A and from previous experiments that addressed the parallel goals of satellite validation and elucidating the radiative effects of aerosols and trace gases. (Note that our INTEX-A integrated analyses, to be carried out in FY 2005 and FY2006, are funded by our EOS-IDS task (see Section 7), which expires in FY 2006.  Therefore, the current proposal requests funding for INTEX-B integrated analyses, but not for INTEX-A.)
2.4 Examples of AATS-14 measurements and analyses from INTEX-A and previous studies

Fig. 1 shows an early result from INTEX-A that compares AOD spectra obtained over the Gulf of Maine by AATS-14 on the J31 at ~60 m altitude and by MODIS on a simultaneous Terra overflight. Notice that the comparison extends to the MODIS channel at 2.1 m. AATS-14 is one of the very few sensors that can measure AOD at 2.1 m, and the only airborne one [e.g., Levy et al., 2004, Redemann et al., 2004].  Many other comparisons of AATS to satellite AODs were acquired in INTEX-A. They will be analyzed to develop a statistical picture of such comparisons for INTEX-A.
Spatial variability in radiance fields observed by satellite sensors is frequently used to help separate cloud and aerosol signals. AOD spatial variability contributes significantly to the radiance field’s variability. AOD variability can only be assessed on the relevant scales (of a few hundred meters, comparable to the satellite sensor resolution) from suborbital platforms that move fast by comparison to wind speeds and only with instruments that provide data at appropriate rates (1 Hz being equivalent to a spatial resolution of ~100m at an aircraft speed of 200 knots). AATS-14 samples at 3 Hz and typically averages 9 samples, recording a 3-second average every 4 seconds. Because AATS-14 measures the direct solar beam transmission (unaffected by surface properties), and because it is deployed on relatively fast-moving platforms, it is well suited for studies of AOD spatial variability. 


[image: image2]
Fig. 1. An early INTEX-A result: Comparison of aerosol optical depth spectra from MODIS and from AATS-14 on J31 Flight 10, 17 July 2004. [In-field MODIS-Terra AODs courtesy of Allen Chu, NASA Goddard.] 
Fig. 2 shows another early result from INTEX-A, obtained 2 August 2004 on coordinated flights of the J31 and DC-8. The curtain plot of aerosol scattering ratio (ratio of aerosol to gas backscatter) was measured by the NASA Langley DIAL system on the DC-8. The AOD was measured by AATS-14 on the J31 on a low altitude (<100m) horizontal transect coordinated with the DC-8. Black vertical lines on the curtain plot show time and location of coincidence. The qualitative agreement in the aerosol features observed by the two instruments is indicated by the areas of increased aerosol backscattering in the lidar curtain plot (yellow and red layers) coinciding with the increased AOD seen by AATS-14 in the same latitude region. 

Fig. 2 proves the feasibility of carrying out coordinated, stacked measurements of lidar profiles from a medium-altitude aircraft (e.g., DC-8) and AOD from a low-flying platform. However, at the current stage of INTEX-A data analysis it only provides a qualitative comparison of lidar and sunphotometer data. In the past, the AATS team has carried out many quantitative comparisons between lidar-derived and AATS-derived profiles of aerosol extinction. Fig. 3 shows one example, a comparison of aerosol extinction profiles at 532 and 1064 nm derived from AATS-14 on the UW CV-580 aircraft and the Cloud Physics Lidar (CPL) aboard a NASA ER-2 in SAFARI-2K [Schmid et al., 2003b]. In the case of Fig. 3, lidar- and AATS-derived extinction profiles agree well. 
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Fig. 2. Top: DIAL lidar derived curtain of aerosol scattering ratio (ratio of aerosol to gas backscatter) at 588 nm from INTEX-A DC-8 flight 15, August 2, 2004 [preliminary data courtesy of E. Browell, NASA Langley]. Bottom: coincident, collocated traces of AOD measured by AATS-14 on the J31 underflying the DC-8. Black vertical lines on lidar curtain plot show time and location of actual coincidence.
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Fig. 3. Comparison of aerosol extinction profiles in the midvisible and near-IR from AATS-derived profiles of AOD (red), CPL measurements (blue) aboard a high-flying NASA ER-2 and a ground-based Micropulse Lidar (MPL) system during SAFARI-2K, August 22, 2000 [Schmid et al., 2003b].
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Fig. 4. Upper left: MODIS Aqua image from 21 July 2004, 1805 UT, showing smoke from Alaskan wildfires. Upper right: J31 track on Flight 12, 21 July 2004 in INTEX-A. Lower left: SSFR downwelling flux (350-1700 nm) vs AATS AOD(499 nm). Lower right: As in lower left, except SSFR downwelling flux is for 350-700 nm.
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Fig. 4 shows another early INTEX-A result, this one demonstrating the combined ability of AATS-14 and the Solar Spectral Flux Radiometer (SSFR, Pilewskie et al., 2000, 2002, 2003) of Dr. Peter Pilewskie to determine aerosol radiative forcing efficiency (the change in a radiative flux per change in AOD).  On 21 July 2004, AATS measured a persistent gradient in overlying AOD when flying level legs on the J31 at several altitudes in the region bounded by ~43.0-43.4 N, 70.0-70.5 W (Fig. 4 upper right frame). Subsequent inspection of the MODIS Aqua image from 1805 on that day showed a large smoke plume stretching from Canada into the central US, and then curving N and NE over Long Island Sound and Cape Cod Bay, towards the Gulf of Maine, where it appeared to dissipate.  A portion of the MODIS image is shown in the upper left frame of Fig. 4. The MODIS web site identified the plume as smoke from the Alaska wildfires of 2004.  The lower frames in Fig. 4 show the SSFR-measured downwelling flux in two wavelength bands (350-1700 nm and 350-700 nm) plotted vs AATS-measured AOD at the midvisible wavelength, 499 nm.  Such plots are the raw material from which aerosol radiative forcing efficiency can be determined.  In this process, care must be taken to exclude flux changes from non-aerosol changes, such as water vapor and clouds.  The combined AATS and SSFR data sets have the information for these analyses (though they have not yet been conducted owing to the short time since the INTEX-A measurements).  For example, AATS retrievals provide the water vapor column above the J31.  As a preliminary indication, the persistence of the SSFR flux changes in the visible 350-700 nm band (bottom right frame), where water vapor effects are minor, indicates that water vapor has little if any effect on the SSFR-measured flux changes.  Regarding cloud effects, the fine spectral resolution of SSFR aids in identifying cloud effects by using spectral features attributable to water liquid or ice (e.g., Pilewskie et al., 2000). 
Fig. 5. Left frame: AATS-retrieved column water vapor in profile on J31 Flight 15, 26 July 2004 in INTEX-A.  Right frame: AATS water vapor density profile obtained by differentiating profile in left frame, compared to density from J31 in situ sensor.
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Fig. 5 shows a final early result from INTEX-A, demonstrating AATS-14 water vapor measurements and their comparison to results from an in situ sensor.  AATS-14 measures the overlying column water vapor (CWV) using a channel in the 940-nm water vapor absorption band (e.g., Schmid et al., 2000, 2001).  Vertical differentiation of AATS CWV profiles in aircraft ascents or descents yields profiles of water vapor concentration. Fig. 5 compares the AATS-retrieved water vapor density profile with that obtained by the J31’s Vaisala Humicap relative humidity sensor.  This is just one of many such comparisons obtained in INTEX-A.  Many J31 profiles were coordinated with ascents of radiosondes
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Fig. 6. Comparison of water vapor measurements on the Twin Otter in ACE-Asia by AATS-14 and in situ sensors.  (a-l) Representative vertical profiles. (m) Comparison of layer water vapor for 26 profiles. Error bars are based on horizontal distance spanned by a profile, combined with average horizontal variability of CWV in ACE-Asia flights. (n) Comparison of water vapor density for the 26 profiles. (Schmid et al., 2003b)
released by the NOAA ship Ron Brown. It is significant that many of the AATS-14 water vapor retrievals were obtained while AATS-14 viewed the sun through cirrus clouds. The retrievals appear to be unaffected by the cirrus, because of the differencing technique used.

Our previous closure studies have included many comparisons between the AATS water vapor results and those from a variety of other measurement techniques (e.g., Schmid et al., 2000, 2001).  Fig. 6 shows examples for AATS-14 in ACE-Asia. In addition to the satellite validation work proposed here, the continuously measured CWV results are useful in radiative transfer calculations and in assessing any CWV changes associated with measured AOD changes aloft.

3 Detailed description of proposed work

For the reasons given in the preceding sections, we propose to make measurements with AATS-14 on a low-altitude aircraft in INTEX-B and to perform integrated analyses that address Aura/A-Train validation goals and INTEX-B science goals.  The following subsections provide more specifics on the proposed measurements and analyses.

3.1 Measurements, data reduction, and archival in and surrounding INTEX-B (April-May 2006)

Our proposed AATS-14 experimental work will emphasize measurements of: (a) AOD spectra (354-2139 nm) and CWV on horizontal transects, (b) aerosol extinction spectra and water vapor density in vertical profiles, and (c) when conditions are appropriate, column ozone. Flights will be coordinated with overpasses of Aura and other A-Train satellites, as well as with other INTEX-B platforms, so as to best address the combined validation and science goals (see below).  When consistent with the preceding goals, our INTEX-B flights will also include underflights of Terra, permitting a renewal of our previous correlative measurements for MISR aerosol validation, which have been very fruitful. Per the NRA guidelines, our cost estimate assumes staffing to support measurements for two weeks based at Dryden FRC and four weeks in Seattle.  We will also calibrate AATS-14 before and after the INTEX-B deployment by making Langley-plot measurements at a high mountain observatory. And we will integrate and test AATS-14 on the low-altitude aircraft, and de-integrate it after the deployment.
We will reduce the AATS-14 data in the field and provide it to the project archive on project schedules as we did in INTEX-A. (See the data archived at http://www-air.larc.nasa.gov/cgi-bin/arcstat.)
Our experience from INTEX-A and many previous experiments has shown that success in accomplishing the dual goals of satellite validation and radiative effect science is critically dependent on flying the necessary aircraft flight patterns.  Fig. 7 shows the types of flight patterns flown in INTEX-A, which we also propose to fly in INTEX-B. Brief descriptions and rationales for the four patterns shown are as follows: (1) Survey Vertical Profile, often flown when first arriving at a measurement site, provides profiles of AOD, aerosol extinction, CWV, and water vapor density, often used for determining aerosol and water vapor layer heights for further measurements in subsequent patterns.  (2) Minimum Altitude Transect, usually flown at or near satellite overpass time, provides AOD and CWV measurements of the full column viewed by the satellite.  Long transects can measure gradients and other spatial structure in the satellite scene.  (3) Parking Garage, or stepped profile, includes horizontal legs and linking ramps.  The horizontal legs permit measurements of radiative fluxes and/or collection of long-duration samples, at altitudes chosen on the basis of the Survey Vertical Profile. (4) Above-Cloud Transect provides measurements of AOD spectra and CWV above cloud.  Such measurements contribute to studies of aerosol indirect (i.e., cloud-mediated) effects.  For example, above-cloud AOD spectra are difficult or impossible to determine from space, but they affect satellite retrievals of cloud OD and droplet effective radius—two important measures of aerosol indirect effects.  Radiative flux spectra from above-cloud transects also permit retrievals of cloud OD and droplet effective radius (as they did in INTEX-A using the Pilewskie SSFRs).
Fig. 7. Illustration of the low-altitude aircraft flight patterns proposed for AATS measurements in INTEX-B to support Aura/A-Train validation and radiative effect studies. (1) Survey Vertical Profile. (2) Minimum-Altitude Transect. (3) Parking Garage. (4) Above-Cloud Transect.

[image: image8.png]OMI, TES/Aura POLDER CALIPSO CloudSat

-

MODIS/Aqua





We recommend use of the Sky Research Jetstream-31 as the low-flying platform for AATS-14 because of our favorable experience with the platform in INTEX-A.  Although the cost estimate on the cover of this proposal excludes aircraft costs, an estimate for aircraft costs is included in the budget pages.
Of particular interest to the validation of OMI data products are observations that include information on aerosol absorbing properties, because aerosol single scattering albedo (SSA) is one of the data products to be derived from OMI radiances. In the past, observations of AOD by AATS-14 were successfully combined with measurements of spectrally resolved total irradiances by the NASA Ames SSFR (Solar Spectral Flux Radiometer) to derive the spectral aerosol single scattering albedo [e.g., Bergstrom et al., 2003]. In their most recent joint deployment in INTEX-A, the AATS and SSFR measurements were combined to estimate aerosol radiative forcing from an aerosol gradient method—as shown in Fig. 4. In this proposal we only request funding to support the deployment of the NASA AATS-14 instrument. However, the addition of SSFR to measure upwelling and downwelling, spectrally resolved total irradiances should be considered to enable the validation of OMI-derived SSA, if a low-flying platform to accommodate AATS-14 will be funded.
3.2 Integrated analyses for Aura/A-Train validation and INTEX-B radiative effect studies
The range of integrated analyses possible with the INTEX-B AATS-14 data set will depend somewhat on whether and which other instruments fly on the low-altitude aircraft with AATS-14.  Therefore, the following subsections first describe analyses we will conduct if AATS-14 flies alone, and then describe additional analyses we will participate in as other instruments are added to the AATS-14 aircraft.
In all cases we will lead and collaborate in peer-reviewed publications describing the work, analogous to those cited in Table 1 and elsewhere above.

3.2.1
Analyses if only AATS-14 flies on the low-altitude aircraft.  
3.2.1.1
 Aura/A-Train validation studies. We will compare AATS-14 measurements of AOD spectra (354-2139 nm), multiwavelength aerosol extinction profiles, CWV, and water vapor density profiles to corresponding satellite products, including AOD spectra from OMI, MODIS, and POLDER, extinction profiles from CALIOP, and water vapor profiles and columns from TES, AIRS, and MODIS. For flights that include Terra overpasses our analyses will include comparisons to MISR aerosol measurements. We will also include assessments of the consistency among the different satellite products.
3.2.1.2
 Closure tests with remote and in situ sensors on other platforms. We will conduct comparisons of (a) AATS-14 AODs to results from ground stations (e.g., AERONET), (b) AATS-14 extinction profiles to results from lidars and in situ sensors (e.g., nephelometers and absorption photometers) on other INTEX-B platforms (e.g., DC-8) and on the surface, and (c) AATS-14 CWV and water vapor profiles to results from sondes, lidars, surface radiometers, and humidity sensor(s) on the AATS-14 aircraft.
3.2.1.3
 Tests of chemical transport models. We will compare AATS-14 measured profiles of multiwavelength AOD and/or extinction to predictions and post-analyses by the models used in INTEX-B.  Previous such comparisons in PRiDE and ACE-Asia have been very useful in identifying the conditions under which the models do well or poorly, and in guiding model improvements.

3.2.1.4
 Assessment of regional aerosol radiative effects during INTEX-B. We will combine the satellite and suborbital results from the above analyses to produce a synopsis optical model of dominant aerosol types and prevalence, and will compute the effects of those aerosols on the regional radiation budgets during INTEX-B.
3.2.2 Additional analyses if SSFR flies on the low-altitude aircraft.

If the SSFR of Dr. Peter Pilewskie flies on the AATS-14 aircraft, we will in addition contribute AATS-14 data and collaborative analyses to the following:

3.2.2.1 Derivation and comparison of SSA spectra for aerosol layers and columns. In addition to contributing to the derivation of SSA spectra, we will compare the results to OMI SSA data products, and to SSA results from other measurements in INTEX-B.

3.2.2.2
 Derivation of aerosol radiative forcing efficiency. We will contribute to the development of plots such as those in Fig. 4, and we will contribute to the follow-up studies to separate aerosol and water vapor effects on radiative forcing. 

3.2.2.3
 Aerosol indirect effect studies. We will contribute over-cloud AOD and extinction spectra to studies of satellite and suborbital measurements of such aerosol-affected cloud properties as OD and droplet effective radius. 

3.2.3 Additional analyses if a lidar flies on the low-altitude aircraft.

Discussions with NASA HQ during INTEX-A indicated that a possible future growth path for the J31 might be to add a lidar, potentially with the ability to look up, down, and forward of the aircraft.  If such a lidar is included in the INTEX-B low-altitude aircraft payload with AATS- 14, we will in addition contribute AATS-14 data and collaborative analyses to the following:

3.2.3.1
 Comparison of AATS-14 extinction profiles to results from the same-platform lidar. 

3.2.3.2
 Comparison of AATS-14 horizontal structure in AOD to horizontal variations revealed by the same-platform lidar. 

3.2.4 Additional analyses if in situ aerosol sensors fly on the low-altitude aircraft.

In many of the previous studies mentioned in Section 2, AATS-14 and/or AATS-6 have flown on the same aircraft as a wide variety of in situ aerosol sensors (including nephelometers, absorption photometers, size spectrometers, extinction cells, and composition analysers).  In each of those studies we have led or collaborated in studies to judge the closure (i.e., consistency) among the AATS and in situ results.  If any such in situ sensors fly on the AATS aircraft in INTEX-B, we will contribute analogous effort to analogous closure studies.

It is important to stress that in order for the above in situ measurements and closure studies to be worthwhile, considerable up-front effort must be expended to develop inlet(s) and other sampling procedures to ensure that the in situ measurements can accurately characterize all optically important sizes of the ambient aerosol under ambient conditions, including ambient humidity.  This is a significant undertaking that would have to be started soon, so that the in situ measurement capabilities could be tested and demonstrated, on the INTEX-B low-altitude aircraft, well in advance of the INTEX-B deployment. We feel that for the relatively fast-flying J31, addition of a lidar rather than in situ measurements is likely to produce a greater scientific return per dollar.
4 SUMMARY OF PLANNED ACTIVITIES LISTED BY YEAR

4.1 Year 1 (FY06)

1) Preparation for participation of AATS-14 in INTEX-B including pre-mission calibration of AATS-14 at MLO (March 2006), coordination of deployment schedule, flight planning, etc.;

2) Participation of AATS-14 in INTEX-B (Dryden and Seattle, April-May 2006);

3) Post-mission calibration of AATS-14 at MLO (June 2006)

4) Preliminary analysis and archival of AOD, CWV and COZ data collected in INTEX-B on INTEX-B website by Sept. 30, 2006;

4.2 Year 2 (FY07)

1) Final archival of data collected in INTEX-B, based on post-mission calibration;

2) Detailed validation studies for Aura based on AATS-14 data collected in INTEX-B; publication of validation results.

4.3 Year 3 (FY08)

1) Integrated analyses of data collected during INTEX-B, including comparison of coincident data products from various A-Train sensors in the context of collocated suborbital measurements, and assessment of regional aerosol radiative effects. Publication of results.
2) Collaborative studies to test (a) closure among suborbital sensors and (b) chemical transport models using AATS multiwavelength extinction profiles. Publication of results.
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6 MANAGEMENT PLAN

6.1 Roles of Co-PIs and Co-I’s

Drs. Philip B. Russell and Beat Schmid will be the Co-Principal Investigators. They will be responsible for the overall scientific direction, project management, administration, and communications with NASA HQ. They will further be responsible for completing the work on time and within budget.

Dr. Jens Redemann and Mr. John Livingston (Co-Investigators) will assist the PIs in the proposed activities. They will participate and help coordinate the participation of the AATS team in the field experiment.

NASA Ames Research Center and BAER Institute will furnish additional personnel necessary to accomplish the research.

7 CURRENT SUPPORT OF Co-PIs

P. Russell
	Short Title
	Agency/Task No.

Total award
	Duration / WY for Co-PI

	Satellite-Sunphotometer Studies of Aerosol-Chemistry-Climate Coupling
	NASA EOS-IDS/291-07-97-16
$000.0k (PI)
	10/2003-9/2006 

0.39 WY

	Solar Occultation and Correlative Studies of Stratospheric and Tropospheric Aerosols, Water Vapor, and Ozone
	NASA SOSST/21-621-60-02-10
$000.0 (PI)
	5/2003-4/2006 

0.12 WY

	Spatial variability of MODIS and MISR derived data products
	NASA EOS / NNG04GM63G

$000.0k (Co-I)
	10/2003–9/2006

0.09 WY

	Quantification Of Aerosol Radiative Effects By Integrated Analysis 
	NOAA, OGP-ACIP/GC03-086

$000.0k (Lead PI)
	3/2003-2/2006 

0.22 WY

	Radiative-Climatic Effects of Aerosols and Water Vapor
	NOAA, OGP-ACC/GC04-396

$000.0k (Co-PI)
	3/2004-2/2007 

0.09 WY


B. Schmid 

	Short Title
	Agency/Task No.

Total award
	Duration / WY for Co-PI

	Spatial variability of MODIS and MISR derived data products
	NASA HQ / NNG04GM63G

$000.0k (Co-PI)
	10/2003–9/2006 / 

0.18 WY

	Quantification Of Aerosol Radiative Effects By Integrated Analysis 
	NOAA, OGP-ACIP/GC03-086

$000.0k (Co-PI)
	3/2003-2/2006 

0.18 WY

	Radiative-Climatic Effects of Aerosols and Water Vapor
	NOAA, OGP-ACC/GC04-396

$000.0k (Co-PI)
	3/2004-2/2007 

0.09 WY

	Satellite-Sunphotometer Studies of Aerosol-Chemistry-Climate Coupling
	NASA EOS-IDS

$0000.0k (Co-I)
	4/2003-3/2006 

0.14 WY

	Vertically resolved aerosol optical properties
	DOE 355353-AQ5

$000k (PI)
	12/2002-11/2005

0.23 WY

	Sky-scanning spectrometer testbed
	NASA Ames DDF, SAEX22004D

$000.0k
	3/2004-2/2006

0.18 WY


8 BUDGET

8.1 General Budget

INFORMATION DELETED
8.2 Travel budget

TRAVEL BUDGET INFORMATION DELETED
8.3
Budget Explanation 

Beyond the costs for the participation of AATS-14 itself in INTEX-B, the total budget (section 8.1) above includes estimated aircraft deployment costs. The aircraft deployment cost estimate for INTEX-B was provided by Sky Research of Ashland, OR, for their Jetstream-31 aircraft and is only included here as an illustration of total costs if AATS-14 is not integrated on another low-flying platform in INTEX-B. The quote for INTEX-B includes 1.4 weeks for preparation and sensor installation, ferry from Ashland, OR to Ames, Dryden, Seattle, Ames, and Ashland, 2 weeks at Dryden and 4 weeks at Seattle, and a total of 90 science flight hours at the campaign sites. No contingencies for weather delays are included. The total budget further assumes that the aircraft contractor's sub-award can be passed on through existing grants at NASA Ames without administrative overhead.
Related proposal and possible savings: This proposal is one of two submitted by the Ames sunphotometer group in response to NRA NNH04ZYS004N. The first (SYS-EYFUS # AURA/04-0236-0234, PI Jens Redemann, submitted 30 August) is for measurements in the Aura/TC4 campaigns in Costa Rica (July 2005) and Australia (January 2006), plus a CALIPSO validation experiment in Virginia (Summer 2005). The current proposal is for a separate experiment (INTEX-B, April-May 2006).  The only overlap between the two proposals is the March 2006 calibration at Mauna Loa Observatory.  If both proposals are funded we estimate savings of $24,000 in travel, labor, and shipping by making only one such calibration trip.
Full cost accounting represents the transfer of personnel, travel, and center operations dollars from separate labor, travel, and operation budgets to the research projects performing the work. This represents a new method of accounting for costs and adds no additional cost to the R&A funding requirements.

General and Administrative (G&A) Costs occurring in the budget are those not attributable to any one project, but benefiting the entire organization.  G&A is calculated by dividing the ARC Institutional costs by the assigned direct workforce.  Functions funded from G&A include Safety, Mail Services, Fire, Security, Environmental, Center Management and Staff, Medical Services, and Administrative ADP.

Allocated Service Pool (ASP) charges are not immediately identified to a project but can be assigned based on usage or comsumption. Functions funded include Computer Security, Network Replacement, Utilities, Photo & Imaging, Maintenance, Data Communications, and Instrumentation.
Other included support costs identified are for Directorate and Division operating accounts.

9 VITAE
(a) Philip B. Russell

Abbreviated Curriculum Vitae


Ph.D. and M.S., Physics, Stanford University (1971 and 1967, Atomic Energy Commission Fellow).  M.S., Management, Stanford University (1990, NASA Sloan Fellow). B.A., Physics, Wesleyan University (1965, Magna cum Laude; Highest Honors).  


Chief, Atmospheric Experiments Branch (1982-89), Acting Chief, Earth System Science Division (1988-89), Chief, Atmospheric Chemistry and Dynamics Branch (1989-95), Research Scientist (1995-present), NASA Ames Research Center.

Physicist to Senior Physicist, Atmospheric Science Center, SRI International (1972-82).  

Postdoctoral Appointee, National Center for Atmospheric Research (1971-72, at University of Chicago and NCAR).  

NASA Ames Honor Award (2002, for excellence in scientific research). NASA Ames Associate Fellow (1995, for excellence in atmospheric science). NASA Space Act Award (1989, for invention of Airborne Autotracking Sunphotometer). NASA Exceptional Service Medal (1988, for managing Stratosphere-Troposphere Exchange Project). Member, Phi Beta Kappa and Sigma Xi.

Currently, Member, Science Teams for NASA’s Earth Observing System Inter-Disciplinary Science (EOS-IDS) and Solar Occultation Satellites (SOSST). 


Previously, Mission Scientist for Jetstream 31 aircraft in the 2004 INTEX and ITCT projects. Mission Scientist for ACE-Asia C-130 flights addressing aerosol-radiation interactions.  Co-coordinator for the CLEARCOLUMN component of IGAC’s Second Aerosol Characterization Experiment (ACE-2). Coordinator for IGAC’s Tropospheric Aerosol Radiative Forcing Observational Experiment (TARFOX). Member, Science Teams for SAGE II and SAGE III (satellite sensors of stratospheric aerosols, ozone, nitrogen dioxide, and water vapor). Member, Science Team for the Asian Pacific Regional Aerosol Characterization Experiment (ACE-Asia) of the International Global Atmospheric Chemistry (IGAC) Project.

Previously, Editor-in-Chief (1994-95) and Editor (1993, 1996), Geophysical Research Letters. Chair, American Meteorological Society Committee on Laser Atmospheric Studies (1979-82). Member, AMS Committee on Radiation Energy (1979-81). Member, National Research Council Committee on Army Basic Research (1979-81). 


Previously, Project Scientist, Small High-Altitude Science Aircraft (SHASA) Project to develop the Perseus A Remotely Piloted Aircraft (RPA, 1992-94). Member, NASA Red Team on Remote Sensing and Environmental Monitoring of Planet Earth (1992-3). Leader, NASA Ames Earth Science Advanced Aircraft (ESAA) Team (1990-94). 

Patent, "Airborne Tracking Sunphotometer Apparatus and System" (U.S. Pat. No. 4,710,618, awarded 1987)

Over 114 peer-reviewed publications. Selected publications relevant to this NRA are included in section 5 of this proposal.
(b) Beat Schmid

Abbreviated Curriculum Vitae

Education

	M.S.
	1991
	Institute of Applied Physics, University of Bern, Switzerland

	Ph.D.
	1995
	Institute of Applied Physics, University of Bern, Switzerland

	Postdoctoral Fellowship
	 1995-97
	Institute of Applied Physics, University of Bern, Switzerland


Professional Experience

Bay Area Environmental Research Institute, Sonoma, CA (1997-Present)

Senior Research Scientist, Principal Investigator, Group Leader (since July 2003)

University of Arizona, Tucson, AZ (Oct. 1995 -Jan. 1996)

Visiting Scientist

University of Bern, Switzerland (1989-1997)

Research Assistant (1989-1995)

Postdoctoral Researcher (1995-1997)

Scientific Contributions

· Applied NOAA/AVHRR satellite data to monitor vegetation growth in Switzerland

· Conducted 11 years of leading studies in ground-based and airborne sun photometry: instrument design and calibration, development and validation of algorithms to retrieve aerosol optical depth and size distribution, H2O and O3.

· Participated with the NASA Ames Airborne Sun photometers in ACE-2 (North Atlantic Regional Aerosol Characterization Experiment, 1997, Tenerife). Extensive comparison of results (closure studies) with other techniques: lidar, optical particle counters, nephelometers, and satellites. 

· Employed NASA Ames Airborne Sun photometers in the US Dept. of Energy, Atmospheric Radiation Measurement (ARM) program integrated fall 1997 and fall 2000 intensive observation periods in Oklahoma. Led sun photometer intercomparison. Extensive comparison of water vapor results with radiosondes, microwave radiometers, lidar, and Global Positioning System.

· Operated NASA Ames Airborne Sun photometers in SAFARI 2000 (Southern African Regional Science Initiative; August/September 2000). Validation of lidar and satellite retrievals.

· Participated with the NASA Ames Airborne Sun photometers in ACE-Asia (Asian Pacific Regional Aerosol Characterization Experiment; April 2001). Closure studies, satellite and lidar validation.

· Operated the NASA Ames Cavity Ringdown instrument in Reno Aerosol Optics Study (June, 2002). Comparison of aerosol extinction, scattering and absorption from various methods (cavity ring down, photo-acoustic, nephelometer, filter based).
· Participated with the NASA Ames Airborne Sun photometers in SAGE III Ozone Loss and Validation Experiment (SOLVE2, January 2002) and Asian Dust above Monterey (ADAM, April 2003) experiment.

· Led planning of DOE ARM May 2003 Aerosol Intensive Observation Period. Responsible for defining airborne payload on the CIRPAS Twin Otter aircraft. Led Twin Otter investigators (10 PI’s) during field campaign as platform scientist.

· Acted as platform scientist for portions of the EVE (Monterey, 2004) and INTEX-NENA (Gulf of Maine, 2004) missions. Responsible for direction and execution of research flights of the CIRPAS Twin Otter and Sky Research J-31 aircraft.

Scientific Societies/Editorships

· Associate Editor, Journal Geophysical Research – Aerosols and Clouds (2002-  )

· Member, American Geophysical Union, American Meteorological Society, American Association for Aerosol Research

Grants

PI and member DOE ARM Science Team

Co-PI and member MODIS Science Team

PI on NASA Ames Research Center grant entitled “Towards an Autonomous Airborne Sun/Sky-Scanning Spectrometer”

PI, Co-PI and Co-I on seven research grants funded by NASA, NOAA, and DOE, totaling about $1.2M/year in research funding.

Principal Investigator on three Cooperative Agreements between Bay Area Environmental Research Institute and NASA Ames Research Center since 2000. Responsible for research and financial administration of 4.5 fulltime positions, totaling about $0.5M per year in research funding.

Bibliography

· 39 peer-reviewed (9 first-authored and 30 co-authored) + 1 submitted journal articles.

· 139 (30 first-authored and 109 co-authored) conference publications

· 13 invited talks at conferences, workshops and seminars

Publications relevant to this NRA are listed in section 5 of this proposal

(c) Jens Redemann

Abbreviated Curriculum Vitae

Professional Experience

	Senior Research Scientist
	BAERI, Sonoma, CA
	 April 1999 to present

	Research Assistant
	UCLA, CA
	May 1995 to March 1999

	Lecturer
	UCLA, CA
	Jan. 1999 to present

	Research Assistant
	FU Berlin, Germany
	June 1994 to April 1995


Education

	Ph.D. in Atmospheric Sciences, UCLA.
	1999

	M.S. in Atmospheric Sciences, UCLA.
	1997

	M.S. in Physics, FU Berlin, Germany.
	1995


Relevant Research Experience

· Co-Principal Investigator for the study of the spatial variability of aerosol products from MODIS and MISR. MODIS science team member.

· Principal Investigator on three current research grants through NASA and NOAA, 2002-2006.

· Principal Investigator, NASA New Investigator Program, 2002-2005.

· Principal Investigator for the participation of AATS-14 (a narrow-band tracking sunphotometer) in the CLAMS satellite validation study (July 2001). Responsible for proposal writing and experiment design, instrument integration, as well as scheduling and supervision of three group members.

· Principal Investigator and Mission Scientist for the Extended-MODIS-( Validation Experiment (EVE) in 2004.

· Developed a coupled aerosol microphysics and chemistry model to study the dependence of the aerosol single scattering albedo on ambient relative humidity.

· Related airborne measurements using a sunphotometer, a lidar (light detection and ranging) system and a spectral solar flux radiometer to in situ measurements of atmospheric (mineral dust) aerosols and gases and modeled the local radiative transfer in Earth’s atmosphere.

· Participated in the SAFARI-2000, ACE-Asia, PRIDE, CLAMS, ADAM , ARM Aerosol IOP, EVE and INTEX field experiments aimed at investigating atmospheric aerosols.. Member of the CLAMS science team. 

· Utilized satellite derived aerosol optical depth fields and aerosol properties from the ACE-Asia campaign to determine the aerosol radiative forcing of climate in the Pacific Basin troposphere. 

Honors / Organizations

	Member of technical committee: NASA Earth System Scholars Network
	June 2004 -

	Invited Presentation at the 5th International APEX workshop, Miyazaki, Japan.
	July 2002

	Invited Presentation at the Atmospheric Chemistry Colloquium for Emerging Senior Scientists (ACCESS V).
	1999

	Outstanding Student Paper Award, AGU Fall meeting.
	 1998

	NASA Global Change Research Fellowship Awards.  
	 1995-1998

	UCLA Neiburger Award for excellence in teaching of the atmospheric sciences.
	 1997


Summary of bibliography

27 peer-reviewed journal articles (8 first-authored).

84 conference presentations (32 first-authored).

Publications relevant to this NRA are listed in section 5 of this proposal.
(d) John M. Livingston
Abbreviated Curriculum Vitae
Education

	Notre Dame Year-in-Japan Program
	1971-72
	Sophia University, Tokyo, Japan

	B.S., Earth Sciences
	  1974
	University of Notre Dame, Notre Dame, IN

	M.S., Atmospheric Sciences
	  1977
	University of Arizona, Tucson, AZ

	M.B.A.
	  1992
	Santa Clara University, Santa Clara, CA


Professional Experience
SRI International (formerly Stanford Research Institute), Menlo Park, CA (1978-present)


Senior Research Meteorologist, Center for Geospace Studies, Engineering and Systems Division

University of Arizona,Tucson, AZ (1974-1977)


Research assistant, Institute of Atmospheric Physics


NASA Kennedy Space Center (summers, 1975-1976): thunderstorm electrification studies

Scientific Contributions

· Acquisition and analysis of ground-based, airborne, and shipboard sunphotometer measurements (NASA Ames 6-channel and 14-channel airborne sunphotometers) in a variety of coordinated international field campaigns to study the radiative impact on climate of anthropogenic pollution, volcanic aerosol, and African and Asian dust

· Validation of satellite aerosol extinction measurements (SAM II, SAGE I, SAGE II, SAGE III, and POAM III), and corresponding studies of the global distribution of stratospheric aerosols 

· Analysis of in situ measurements of stratospheric and tropospheric aerosols

· Analysis of ground-based lidar measurements obtained at Sondrestrom, Greenland to retrieve atmospheric density and temperature profiles in the polar stratosphere and mesosphere and to characterize the physical properties of noctilucent clouds

· Acquisition, modeling and analysis of Differential Absorption Lidar measurements of tropospheric ozone

· Simulation of passive sensor radiance measurements to infer range to an absorbing gas

· Error analysis and simulation of lidar aerosol measurements

· Analysis of lidar propagation through fog, smoke, and dust clouds

· Weather forecasting for large-scale air pollution field study 

· Testing and evaluation of an offshore coastal dispersion computer model

· Application of objective wind field/trajectory models to meteorological measurements

Honors and Awards 

· 1997 NASA Ames Research Center Contractor of the Year

Scientific Societies 

· Member, American Geophysical Union

Publications 

· Over 52 peer-reviewed publications in various atmospheric science journals
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