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Airborne Sunphotometry in the Second SAGE |11 Ozone Loss & Validation Experiment
(SOLVE-2)

ABSTRACT: We propose to participate in SOLVE-2 using the 14-channel Ames Airborne Tracking
Sunphotometer (AATS-14) on the NASA DC-8. AATS-14 has channels matched to many SAGE ||
wavelengths from 380 to 1558 nm. It can measure optical depths of aerosols and polar stratospheric
clouds (PSCs), plus column contents of water vapor and ozone, by viewing the sun on paths matched to
those viewed by SAGE III. Inaircraft vertical profiles AATS-14 can derive profiles of aerosol
extinction and water vapor and ozone concentrations by vertically differentiating the corresponding
profiles of optical depth and column content. AATS-14 has been integrated and test-flown on the DC-8.
Hence AATS-14 isideally suited to the objectives of SOLVE-2. Itsusein SOLVE-2 would benefit from
our experiencein flying its predecessor, AATS-6, on the DC-8 in the second Airborne Arctic
Stratospheric Expedition (AASE-I1), and from our long experience in the validation and scientific use of
SAM I, SAGE, and SAGE II.

A key issueisthe ability of AATS-14 to measure the very small optical depths of background
stratospheric aerosols, aswell as PSCs. Simulations made for this proposal indicate AATS-14 retrieval
uncertainties of <25% for midvisible optical depths of background stratospheric aerosols (t(500
nmM)=0.004) and <5% for PSCs (t(500 nm)=0.02), assuming accurate airmasses and high-latitude DC-8
measurements during the SOLVE-2 period (January-mid-February). For the funding requested here we
propose to: (1a) Conduct further pre-campaign simulations and tests to determine expected
sunphotometer retrieval uncertainties for aerosols, PSCs, ozone, and water vapor for the specific
conditions and aircraft paths expected in SOLVE-2. (1b) Combine simulation results with campaign
objectives to determine the flight plans likely to have the highest overall payoff. (2) Perform necessary
pre- and post-campaign calibrations. (3) Re-integrate AATS-14 on the NASA DC-8. (4) Make
measurements in SOLV E-2 deployments of aerosol and PSC optical depth spectra, ozone and water
vapor column amounts. (5) Provide postflight preliminary data sets for exchange and flight planning. (6)
Derive preliminary vertical profiles of aerosol and cloud extinction spectra, plus ozone and water vapor
concentrations, by differentiating column values measured in DC-8 ascents and descents. (7) Perform
preliminary comparisons of sunphotometer-derived aerosol, PSC, and trace gas results to those retrieved
from corresponding SAGE |1l measurements and provided by other SOLV E-2 measurements. (8)
Submit final data and documentation to a central datafacility ~6 months following mission completion.

1. OBJECTIVESAND JUSTIFICATION

The overall goals of the proposed research are to (1) produce a data set suitable for making quantitative
assessments of the accuracy of SAGE 111 archived data products (including archived error bars), and (2)
make preliminary comparisons of airborne sunphotometer-derived aerosol, PSC, and trace gas results
(best estimates and uncertainties) to those retrieved from corresponding SAGE |11 measurements and
provided by other SOLVE-2 measurements. Subsidiary objectives are to:

1. Conduct pre-campaign analyses and tests to determine expected retrieval uncertainties for 14-
channel Ames Airborne Tracking Sunphotometer (AATS-14) and help judge what flight plans are
likely to have the highest overall payoff.

2. Perform necessary pre- and post-campaign AATS-14 calibrations.
3. Re-integrate AATS-14 onthe NASA DC-8
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4. Participate in SOLVE-2 by measuring aerosol and PSC optical depth spectra (354-2138 nm), ozone
and water vapor column amounts.

5. Provide at the end of each flight a preliminary data set for exchange with SOLVE-2 investigators
and managers for flight planning,

6. Derive preliminary vertical profiles of aerosol and cloud extinction spectra, plus ozone and water
vapor concentrations, by differentiating column values measured in DC-8 ascents and descents,

7. Make preliminary comparisons of sunphotometer-derived aerosol, PSC, and trace gas results (best
estimates and uncertainties) to those retrieved from corresponding SAGE |11 measurements and
provided by other SOLV E-2 measurements,

8. Submit final data, with supporting documentation, to a central data facility about six months
following mission completion.

Table 1 (from SAGE |11 ATBD Team, 2000) lists SAGE |11 standard data products that will be retrieved
from SAGE I11 signals and archived at the NASA Langley Atmospheric Sciences Data Center. Of the

Table 1. SAGE |11 Standard Data Products

PRODUCT NAME ACCU- TEMPORAL HORIZONTAL VERTICAL
RACY RESOLUTION Resolution :: Coverage | Resolution ::
Absolute:: Coverage
Relative

Level 1B Transmission (=80 wavelengths) | 0.05% : 1/(2 minutes), 30/day <2x <1deg:: Globa 0.5km :: 0-100 km

Solar Events 0.05%

Aerosol Extinction & Stratospheric 5% :: 5% 1/(2 minutes), 30/day <2x <1deg:: Globa 0.5km :: 0-40 km

Optical Depth (at 9 wavelengths), Aerosol

to molecular extinction ratio at 1020 nm

(solar only)

H,0 10% :: 15% | 1/(2 minutes), 30/day <2 x <1deg:: Globa 0.5km :: 0-50 km

Concentration (Alt.) 24 |evels/decade ::

Mixing Ratio (Pressure) 1000-0.8 hPa

NO, 10% :: 15% | 1/(2 minutes), 30/day <2 x <1deg:: Globa 0.5km :: 10-50 km

Concentration (Alt.) 24 |evels/decade ::

Mixing Ratio (Pressure) 250-0.8 hPa

Slant Path Col. Amt. (Alt.) 0.5 km :: 10-50 km

NO; (Lunar Only) 10% :: 10% | /(2 minutes), <30/day | <2x <1deg: Globa 0.5km :: 20-55 km

Concentration (Alt.) 24 |evels/decade ::

Mixing Ratio (Pressure) 50-0.4 hPa

(OR 6% :: 5% 1/(2 minutes), 30/day <2x <1deg:: Globa 0.5km :: 5-85km

Concentration (Alt.) 24 |evels/decade ::

Mixing Ratio (Pressure) 0.5 km :: 50-85 km

Slant Path Col. Amt. (Alt.)

OCIO (Lunar Only) 25%:: 20% | 1/(2 minutes), <30/day | <2 x <1deg:: Global 0.5km :: 15-25 km

Concentration (Alt.) 24 |evels/decade ::

Mixing Ratio (Pressure) 121-25 hPa

Pressure 2% :: 2% 1/(2 minutes), 30/day <2 x <1deg:: Globa 0.5km :: 0-85km

Temperature Profile (solar only) 2K :: 2K 1/(2 minutes), 30/day <2 x <1deg:: Globa 0.5km :: 0-85km

24 |evels/decade:
1000-0.004 hPa
Cloud Presence N/A 1/(2 minutes), 30/day <2 x <1deg:: Globa 0.5km :: 6-30 km
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products listed, this proposal addresses three: (1) aerosol extinction and optical depth at 9 wavelengths
(including thin clouds such as cirrus and Polar Stratospheric Clouds (PSCs)), (2) H,O concentration and
column, and (3) O, column.

As noted by the NRA, it is critically important to assess the accuracy of SAGE Il archived data
products (including uncertainty estimates) by comparing archived products to those determined by other
means. We propose to address this need by making measurements of aerosols, PSCs, ozone, and water
vapor using AATS-14. AATS-14 has channels matched to many SAGE |11 wavelengths, has been
integrated and test-flown on the DC-8, and can view the sun on paths chosen to match SAGE |
viewing paths. Henceit isvery well suited to the SOLVE-2 objectives. The following sections expand
onthe AATS-14 and SAGE |11 measurement commonalities and differences, and they summarize our
previous relevant experience. This experience includes flying AATS-14' s predecessor, AATS-6, on the
DC-8 in the second Airborne Arctic Stratospheric Expedition (AASE-I1) [Russell et al., 1993a; Toon et
a., 1993], many investigations devoted to the validation and scientific use of SAM |1, SAGE, and
SAGE Il (e.g., Russell and McCormick, 1989; Russell et al., 1984, 1986,1996a,b; Bauman and Russell,
2000; Bauman et al., 2002a,b,c), and the devel opment and investigation of retrieval agorithms and
validation plansfor SAGE I11 [e.g., Russell et a., 1996b; SAGE III ATBD Team, 2000].

As further noted by the NRA, investigations selected for the SAGE |11 validation campaign will mostly
be one-year investigations with very limited support beyond the time frame of the campaign. Therefore,
this proposal does not request support for in-depth validation studies using SOLVE-2 data. We will
propose such studies as part of a Solar Occultation Satellite Science Team (SOSST) proposal to be
submitted by May 30, 2002. Our SOSST proposal will include applying datafrom AATS-14, SAGE 111,
SAGE Il, and other satellites to answering the scientific questionsin the NRA. Thiswill include
deriving best estimates and uncertainties for aerosol and PSC particle size distributions, surface areas
and volumes, for use in studies of the heterogeneous chemical processes that control ozone
concentrations over the course of the winter.

2. AIRBORNE SUNPHOTOMETER AND SAGE MEASUREMENTSAND ANALYSES

NASA Ames has been flying airborne sunphotometersin awide variety of research missions since 1985.
The original 6-channel Ames Airborne Tracking Sunphotometer (AATS-6) and the new 14-channel unit
(AATS-14) are described in the Appendix, which also lists the types of studies performed and
representative publications resulting from those studies. Of particular interest to this proposal are the
first mission flown by AATS-6 on the NASA CV-990 in April 1985 as part of a SAGE correlative
campaign (Russell et al., 1986; Livingston and Russell, 1989), and subsequent missions flown by
AATS-6 on the NASA DC-8 in 1991 as part of the Second Airborne Arctic Stratospheric Expedition
(AASE I1) and SAGE 1l correlative missions (Russell et al., 1993a,b, 1996a). In addition to those
AATS-6 missions focused on stratospheric aerosols, AATS-14 has been integrated on the DC-8 and
made five test flights in June 1999 using the mounting hardware (“stovepipe,” fairing, etc.) that was
developed for AATS-6In AASE Il. AATS-14 has dso flown extensively on other aircraft (Pelican, CV-
580, Twin Otter) in 1996-2001 as part of five mgjor studies of tropospheric aerosols (TARFOX, ACE-2,
SAFARI-2000, ACE-Asia, and CLAMYS).

The wavelengths of AATS-14 were chosen with four broad goals in mind: (1) match many of the SAGE
I11 wavelengths, (2) increase the number and range of aerosol measurement wavelengths beyond the
number and range of AATS-6, (3) enable ozone measurements, and (4) preserve or improve the quality
of AATS-6 water vapor measurements. Table 2 compares the channels of SAGE |11 and of AATS-14.
Figure 1 shows the wavelengths of SAGE Ill, AATS-6, and AATS-14 in relation to atmospheric spectra.
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The following sections review aspects of airborne sunphotometer aerosol, water vapor, and ozone
measurements, as well as uncertainty analyses, of particular interest to SAGE 111 validation.

2.1 SAGE and Sunphotometer Aerosol M easurements and Analyses

SAGE Il will measure aerosol extinction and optical depth in both stratosphere and troposphere. The
tropospheric aerosol measurements will be aided by SAGE 111’ s addition (relative to SAGE 1) of
measurements at wavelength 1540 nm. Thislongest SAGE 111 wavelength will both help to characterize
the larger particlesin size distributions and will have improved penetration into the greater extinction
(gas and particle) of the troposphere.

Table 2. Science Detector Channelsof SAGE 111 and the 14-Channel Ames Airborne Tracking
Sunphotometer (AATS-14)

SAGE 111t AATS-14
Channel*  Wavelength (nm) Products Altitudet Wavelength (nm)**  Products
(km)
S1 290 O, 50-85 354 Aerosol
S2 385 Aerosol 15-40 380 Aerosol
L1 380-420 OCIO 15-25
S3/L1 433-450 NO,, Aerosol 10-50, 449 Aerosol
10-40
L1 470-490 O, 16-35
499 Aerosol
A 521 Aerosol, Cloud 6-40 525 Aerosol
S5 563-622 O,, Aerosol 6-60 606 O,, Aerosol
L1 640-680 NO, 20-55
S6 676 Aerosol 3-40 675 Aerosol
S7 758 Aerosol 3-40 778 Aerosol
S8/L2 759-771 Pressure, 0-85
Temperature
S9 869 Aerosol 0-40 864 Aerosol
S10/L3 933-960 H,O 0-50 940 H,O
S11 1020 Aerosol, Cloud 0-40 1019 Aerosol
1240 Aerosol
S12 1540 Aerosol, Cloud 0-40 1558 Aerosol
2138 Aerosol

* =L unar occultation; S=Solar occultation

tLowest altitude is determined by cloud top height

** Sunphotometer channel Full Width at Half Maximum (FWHM) is5 nm for all channels except 354 nm, 449 nm
and 2138 nm which have FWHM 2, 1 and 15 nm, respectively.

TTSAGE |11 wavelengths are from Table 3.2.1 and following text in SAGE |1l ATBD Team (2000).
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A major goal of the proposed research will be to acquire airborne sunphotometer optical depth datain
both troposphere and stratosphere to compare to SAGE |11 extinction and optical depth values. Figures
2 and 3 show examples of both stratospheric and tropospheric aerosol optical depths measured with
AATS-6. Latitude transects, spectra versus wavelength, and vertical profiles are shown to illustrate the
types of data and presentation possible. Figure 4 shows profiles of multiwavelength optical depth
measured by AATS-14 in April 2001 on flights of the Twin Otter aircraft in the Asian Pacific Regional
Aerosol Characterization Experiment (ACE-Asia). An earlier intercomparison and calibration of
AATS-14, using the Langley-plot method (e.g., Russell et al., 1993b; Schmid and Wehrli, 1995) was
conducted in October 1996 at the Zugspitze in Germany (2.7 km ASL) as part of activities preparing for
the Second Aerosol Characterization Experiment (ACE-2; Raes et al., 2000). Figure 5 shows a
comparison of optical depth spectra acquired there by three instruments. The 18-channel unit of the
University of Bern is a ground-based instrument described by Schmid and Wehrli (1995) and Schmid et
al. (1995, 1997, 1998). The significance and derivation of the error bars in these plotsis discussed in
Section 2.4. Figure 6 shows an example of optical depth and extinction profiles obtained by AATS-14
on aflight of the Pelican in ACE-2 in July 1997.

Optical depth spectralike those in Figures 2 and 5 contain information on the overlying aerosol size
distribution. Hence, spatial and temporal changes in column particle size distributions can be
documented by inverting optical depth spectrato obtain size distribution estimates (e.g., King et al .,
1978; Spinhirne and King, 1985; Russdll et al., 1979, 1993b, 1996a; Wang et al., 1989; Yue et al., 1995;
Schmid et d., 1997), asillustrated in Figure 7. Figure 7(a) shows optical spectra measured at Mauna

L oa Observatory before and after the Pinatubo volcanic eruption, and Fig. 7(b) shows the corresponding
size distribution retrievals. Note that the near-power-law optical depth spectrum measured in mid-July
1991 (Fig. 7a), one month after the eruption, inverts to a particle size distribution (Fig. 7b) that is
relatively rich in both small, freshly nucleated particles (r<0.2 um) and large particles (r>0.6 um, shown
by other measurements to be coated ash). The optical depth spectra for August-September 1991 and
July 1992 (2.5 and 13 months after the eruption) peak at progressively longer wavelengths (Fig. 7a) and
produce retrieved size distributions (Fig. 7b) with progressively larger effective (area-weighted) radii
and smaller widths than the July 1991 distribution. These changes reflect the growth of small particles
through condensation and coagulation, plus the loss of the largest particles through fallout. Such an
evolution in particle size has been shown to be consistent with results of in situ measurements and with
model calculations of size changes resulting from condensation and coagulation (Russell et al., 1996a).

When measured on a climbing or descending aircraft (asin Figures 2, 3, 4 and 6), the optical depth
spectra can be differentiated to yield vertical profiles or layer averages of extinction coefficient. The
right frames of Figures 4 and 6 illustrate this. Such extinction spectra can be compared to those
calculated from in-situ particle size, shape, and composition measurements, or to those measured by in
situ nephelometry and absorption photometry. In the proposed research, analyses like those in Figs. 2-7
will be able to track the evolution of the overlying column particle size distribution while underflying an
aerosol or PSC layer of interest. Obtaining such alarge set of column size distributions by in situ
measurements would require flying numerous vertical profiles (hence many more flight hours), and
moreover would be subject to measurement errors caused by evaporative shrinkage or losses of sampled
particles, or by inability to sample aerosol layers above the aircraft ceiling.

Figure 8 shows aerosol mass, surface area, and effective radius values derived from optical depth spectra
measured by AATS-6 on the DC-8in AASE I1. These values describe the Pinatubo volcanic aerosol
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layer above the DC-8, which was probed by lidar but not sampled in situ (Toon et a., 1993). Thelidar
was used to determine the vertical extent of the aerosol layer, and the sunphotometer provided the best
available information on aerosol mass, surface area, and effective radiusin the layer. These values,
which were provided over an extensive longitude transect (cf. Figures 2 and 8) were essentia in
analyzing the heterogeneous chemical processes occurring in the layer. They led to the conclusion that
heterogeneous loss of HCI could be substantial even for background sulfuric acid particles and hence be
important for polar ozoneloss (Toon et al., 1993). In SOLVE-2, SAGE |11 itself will provide optical
depth spectra, analyzable for surface area, mass, and effective radius, but only at the occultation profile
locations (spaced 24 degrees and ~1 hour apart). DC-8 sunphotometer measurements could provide
continuous longitude transects of this information, revealing spatial structure not resolvable by SAGE I11
but of potential importance to the scientific questions being addressed by SOLVE-2.

Our sunphotometer data analysis methods (Russell et al., 1979, 1993b) include an end-to-end error
anaysisthat yields an error bar on representative data points (see examplesin Figures 2, 5 and 7).
Comparisons to other sunphotometer measurements (e. g., Figure 5) are made periodically as a means of
checking instrument performance and the validity of error bars. Error analyses are discussed further in
Section 2.4

2.2 SAGE and Sunphotometer Water Vapor M easurements and Analyses

Like SAGE Il, SAGE |11 will determine water vapor by using transmission measurements in the 940-nm
absorption band (e.g., Chu et a., 1993; Rind et al., 1993, 1996, SAGE |1l ATBD Team, 2000).
However, SAGE Il will have the advantage of measuring transmission in ~20 adjacent channels
between 933 and 960 nm (cf. Table 2 and Figure 1). The resulting spectral resolution and range,
together with the available water vapor spectroscopic data (reviewed in Appendix D of SAGE |1l ATBD
Team, 2000) will aid in separating water vapor extinction from that by aerosol and ozone. SAGE Il|
water vapor-aerosol separation also benefits from the number and proximity of aerosol channels
compared to SAGE Il (cf. Figure 1). In contrast, SAGE |1 has only a single water vapor channel at 940
nm, and the nearest aerosol channels are at 1020 and 525 nm. The NASA SAGE |1 retrieval algorithm
(Chuetd., 1993; Rind et al., 1993) uses the 940-nm channel together with aerosol channels at 1020 and
525 nm, plus the ozone channel at 600 nm, to separate water vapor, aerosol, and ozone components of
extinction. To determine water vapor mixing ratios from water vapor extinction, the NASA SAGE ||
and SAGE Il agorithms uses the Emissivity Growth Approximation (Gordley and Russell, 1980),
which accounts for the temperature and pressure dependences of the water vapor absorption signatures.
An alternate inversion algorithm applied to SAGE Il data by Pruvost et a. (1993) uses aerosol extinction
in four channels (1020, 525, 453, 385 nm) to derive the aerosol contribution at 940 nm, and it uses the
Mill (1977) method to obtain vertical profiles from limb transmissions. It uses the NASA algorithm
(Chu et al., 1993) for the transmission model of water vapor.

Differential solar transmission in and near the 940 nm water vapor absorption band has also been used in
ground-based applications by many investigators to retrieve columnar water vapor. The relationship
between water vapor amount and transmittance is well known qualitatively, but it is difficult to quantify.
Thome et al. [1992] give an excellent review of historic attempts to quantify this relationship, most of
them relying on an empirical fitting of the data to columnar water vapor measurements from other
instruments. To avoid the time-consuming nature of empirical methods, the relationship between water
vapor amount and transmittance must be determined from theoretical models.
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This approach was chosen by many investigators using a variety of models (see Ingold et al., 2000; and
references therein). Models used include various versions of LOWTRAN and MODTRAN [Kneizys et
al., 1996], the French 5S code [Tanré et al., 1990], and FASCODE and its successor LBLRTM [Clough,
and lacono, 1995]. Virtually all of these modelsrely on the HITRAN spectroscopy data base [Rothman
et al., 1992 and 1998]. Recent findings that the H,O line intensitiesin the visible and near infrared
portion of the widely used HITRAN-96 database were in error [Giver et a., 2000] have sparked renewed
discussion of the accurate conversion of measured water-vapor transmittance into amounts of water

vapor.

Accurate implementation of the sunphotometer water vapor retrieval procedure involves two critical
steps. Thefirst is calibration of the sunphotometer to establish the zero-airmass voltage output for the
water vapor channel, which permits determination of the water vapor transmittance. Calibration can be
done by applying the modified Langley plot technique as first proposed by Reagan et al. (1987a,b) to
sunphotometer measurements made under conditions where the CWV remains sufficiently steady during
at least 1.5-2 hours. The second step isto apply an appropriate model (see above) to retrieve the water
vapor amount from the experimentally derived water vapor transmittance. Unfortunately the two steps
are linked to each other due to the fact that the model has to be used to derive an extra coefficient used
in the modified Langley plot technique (Schmid et al. 1998, 2001).

All techniques for extracting the water vapor transmittance from the sunphotometer measurements
require correcting for or removing the effect of aerosol extinction in the water vapor channel. This can
be done by (1) atwo-channel plus modeling approach (Reagan et al., 1992), (2) a 3-channel method
where the aerosol water vapor channel optical depth isinterpolated from optical depths measured at
wavelengths on each side of the water vapor channel (Thome et al., 1994), or (3) methods that use all
window channels (e.g. Pruvost et al., 1993; Michalsky et al., 1995; Schmid et al., 1996, 2001). Each of
these approaches can yield fairly accurate correction of aerosol effects, but the use of 3 or more
channels, especially with 2 near and on either side the 940-nm channel, is particularly well suited to deal
with high aerosol optical depth situations.

The solar absorption techniques are affected by ongoing significant changes in the H,O spectroscopy,
such that currently at least three equally plausible different spectroscopic databases are available
(HITRANO96 corrected according to Giver et al., 2000; HITRAN 2000, which uses Brown et al., 2002 in
the 940 nm band; and the ESA database, e.g., Belmiloud et al., 2000, Schermaul et a., 2001).

We have participated with AATS-6 in the second and third DOE ARM Water Vapor Intensive
Observation Period (Fall 1997 and Fall 2000) and have been comparing our results to other
sunphotometers, radiosondes, lidar, Global Positioning System retrievals, and microwave radiometers. It
appears when using HITRAN96 (corrected according to Giver et al., 2000) that AATS-6 overestimates
the standard ARM microwave results by 5% in both campaigns (Schmid et al., 2001a, Schmid et al.,
2001b, Revercomb et al., 200, see Fig. 9a). Using the ESA database |leads to an overestimate of roughly
11%. However using the same model and spectroscopy for an AERONET Cimel and AATS-6 lead to
agreement within 3% (Fig 9b).

We will closely follow the developments of H,O spectroscopy in the 940 nm band. Beat Schmid remains
heavily involved in DOE ARM'’ s efforts to establish the absolute calibration of water vapor retrievals.
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Heis co-leading a working group that includes all ARM systems that measure the total column of water
vapor.

Since the 940-nm filter in the new AATS-14 instrument has about the same spectral characteristics as
the corresponding AATS-6 filter, we are confident that we will be ableto retrieve CWV with AATS-14
to the same level of accuracy.

The above described measurement and modeling procedures will be applied to airborne measurements
made in SOLVE-2 by AATS-14 to retrieve columnar water vapor for the column above the aircraft. The
changing flight altitude imposes some additional difficultiesin modeling the water vapor transmittance.
On the other hand, differentiation of CWV profiles allows estimation of the water vapor density profile
and comparison with profiles from radiosondes, lidar, or in situ humidity sensors aboard the aircraft
(Schmid et al. 2000, Schmid et al., 2001). An example of such acomparison is shown in Figure 10.

2.3 SAGE and Sunphotometer Ozone M easurements and Analyses

SAGE Il will retrieve ozone in the mesosphere between 65 and 85 km using differential absorption
between the 290 and 385-nm channels (cf. Table 2 and Figure 1). At lower atitudes SAGE 111 will
retrieve ozone by amultiple linear regression (MLR) technique that derives NO, and O, simultaneously
using all channels from 400-650 nm (SAGE |1l ATBD Team, 2000; cf. Table 2). The MLR technique
uses the fine spectral resolution (~2 nm) available in the 430-450 and 560-616 nm channels, together
with the fine spectral structure of NO, and O, there (cf. Figure 1). Hence, the MLR technique can be
used with SAGE 111, but not with SAGE |1 or with conventional sunphotometers (i. e. those without
detector arrays or other techniques permitting fine spectral resolution). The latter instruments can use a
| east-squares technique, which does not require such fine spectral resolution. Infact, SAGE Il usesa

| east-sguares technique to derive ozone products (Chu et al., 1989).

Asapart of SAGE |11 Science Team research, we recently compared two algorithms for ozone-aerosol
separation by using tropospheric data sets acquired with AATS-14 in the ACE-2 field campaign
(Schmid et a., 2000). The algorithms were compared for arange of aerosol optical depths (0.008 <
7,(500 nm) < to 0.4), sampled by flying AATS-14 at altitudes from sealevel to 3.6 km. Ozone column
amounts were about 300 Dobson Units (DU), which produced an ozone optical depth of about 0.04 at
the Chappuis peak near 600 nm. The two agorithms compared were a SAGE |1-like least squares
technique (Russell et al., 1996b; Cunnold et al., 1996) and a quadratic fitting technique described by
King and Byrne (1976) and applied in 1995-97 by one of us (B. Schmid) to the University of Bern
(Switzerland) 18-Channel Tracking Sunphotometer. The |east-squares technique uses a matrix-
inversion structure like that used for SAGE 11 [i.e., Egs. (17)-(19) of Chu et al. (1989)], with
transmissions measured at AATS-14 wavelengths 380, 453, 500, 525, 605, 667, 779, 864, and 1558 nm
(see Table 2). (In contrast, the wavelengths used in the SAGE |1 least-squares technique are 453, 525,
600, and 1020 nm.) Resultsto date show that the two algorithms produce ozone values that agree within
about 5 DU for t,(500) < 0.01 and within 10 DU for 0.01 <t,(500) < to 0.07. However, differences can
approach or exceed 100 DU when t,(500) > 0.3.

Steele and Turco (1997) and Cox (1998) have shown that the accuracy of ozone-aerosol separation via
| east-sguares techniques can be sensitive to the coefficients used to express aerosol extinction at an
ozone-sensitive wavelength (e.g., 600 nm) in terms of aerosol extinction at ozone-insensitive or less-
sensitive wavelengths (e.g., 1020 and 453 nm). They show how different choices of these coefficients
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are more or less appropriate depending on the typical range of aerosol size distributions present during
the measurements (e.g., they consider awide range of prevolcanic and postvolcanic stratospheric sulfate
aerosols). However, it is also important to consider the sensitivity of derived ozone and aerosol products
to measurement error. This sensitivity is also dependent on the choice of the above coefficients (H.
Steele, L. Thomason, W. Chu, D. Cunnold, personal communications). Thus the choice of the “best”
coefficients must carefully consider both typical measurement errors at each wavelength and the typical
range of aerosol characteristics (e.g., size distributions and compositions) likely to be encountered. This
range is considerably wider in the troposphere than in the stratosphere.

In the proposed research we will use both tropospheric and stratospheric measurements on the DC-8 in
SOLVE-2 to retrieve ozone from AATS-14 using the above algorithms, and we will make preliminary
comparisons to results from SAGE |11 and other SOLV E-2 ozone measurements. We also plan to
propose more extensive ozone studies in the SOSST proposal we will submit by May 30. Our proposed
SOSST studies will investigate the best forms of |east-squares techniques for separating ozone and
aerosolsin AATS-14 data sets, and they will include more extensive SAGE |11 ozone validation
anayses. Tropospheric data sets will include those acquired on the DC-8 in SOLVE-2 and on other
aircraft in recent experiments where we used AATS-14 (e.g., ACE-2 and ACE-Asia) at altitudes from
sealevel to 4 km and at mountaintop observatories (2.7 and 3.4 km). Stratospheric data sets will include
those acquired on the DC-8 in SOLVE-2. (The DC-8 ceiling of ~12 km iswell within the stratosphere
at high latitudes.) The investigations will combine these AATS-14 data sets with information on aerosol
size/composition distributions, both measured simultaneously with the sunphotometer data (as donein
ACE-2 and SOLVE) and measured elsewhere. The latter will be used to try to characterize typical
ranges encountered by SAGE |11 in the troposphere. One goal of this research will be to investigate how
far SAGE |11 ozone retrievals can be extended downward from the stratosphere into the troposphere.

A primary determinant of the accuracy of ozone-aerosol separation in the vicinity of 600 nmisthe
relative size of ozone and aerosol line-of-sight optical depths there. As an example, the ozone and
aerosol optical depth spectra shown in Figure 1 are for measurements from the surface with a spring-
summer aerosol model that has 600-nm vertical optical depth ~0.3. Because the corresponding ozone
optical depthisonly ~0.05, retrieved ozone amounts will be very sensitive to aerosol extinction
estimated at 600 nm from other wavelengths; consequently, retrieved ozone amounts will have large
uncertainties. Flying the sunphotometer to higher atitudes can markedly reduce these uncertainties. In
nonvolcanic, cloud-free conditions, flying above several km will typically reduce 600-nm aerosol optical
depthsto 0.05 or considerably less (cf. Figures 3-6), while the ozone optical depth, which resides
primarily in the stratosphere, is reduced very little. For such conditions and atitudes, the uncertainty of
aerosol optical depth at 600 nm as estimated from other wavelengths will be small compared to the
ozone optical depth, and hence constitute a small source of error in retrieved ozone. Successful
acquisition of airborne Langley plots (see next section) will greatly reduce the uncertainty in O,
retrieval.

2.4 Sunphotometer Error Analyses, Simulations, and Calibrations

A key issue is assessing the ability of AATS-14 to measure the very small optical depths of background
stratospheric aerosols, aswell as PSCs. This assessment entails quantitative analyses of AATS-14
measurement and retrieval uncertainties and their relationship to SAGE |11 uncertainties. Over the past
two decades, our group has devoted considerable effort to understanding and quantifying the errorsin
sunphotometer measurements and analyses. We have updated the error-bar expression derived in
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conjunction with the Sutro Tower Aerosol and Radiation Study (Russell et al., 1979) to include effects
of (1) diffuse skylight entering the sunphotometer channel field of view and (2) species-dependent
airmass factors that result from measurements at low solar elevation with differing species vertical
profiles. The result (Russell et a., 1993b) for the uncertainty éz,(A) in particle optical depth at
wavelength A is

5r,(4) = /Tp()L)(SF\ /(A)am\ (1 5VO(A))

\ ) U ) T g V,(2)
{;%’;’) (R(A))z(m) (67,(2)) (%) 6r2<x>2(”‘z] )

where F is adiffuse-light correction factor (dependent on instrument field of view and particle size
distribution, among other factors); 7, 7, 75, and t, are total, Rayleigh, ozone, and NO, optical depth
respectively; m, isairmassfor species x; V is channel output voltage; and V, is the voltage that would be
measured above the atmosphere. This expression was used to compute the error bars shown in Figures
2,5,and 7. (As explained in more detail by the Appendix of Russell et al. (1993b), the SnmVym term of (1)
is both a shorthand and an upper bound for a more complicated term that includes the airmasses for
separate constituents and their cross correlations.)

Because the 8V term in (1) isindependent of =, its relative importance increases as 7, decreases. The
oVytermisin fact amajor reason that the relative error barsin Figures4a,b and 7 increase as 7,
decreases Typica valuesfor 6V,/V, are 0.005 to 0.01, and sometimes larger. Uncertainties 6V can be
caused by driftsin detector response, filter transmission, or electronic gain between mountai ntop
calibrations, by dirt deposition on the sunphotometer front window, and by tracking at apoint in a
channel’ sfield-of-view (FOV) response curve that differs from the calibration tracking point. Values for
oVy/V, of 0.005 to 0.0lyield relatively small percentage values of 7,/1, (i.e., <10%) for 7, >0.1, but they
yield relatively large 6t,/1, (i.€., >50%) for 7, <0.01 and m=1. Thus, (Srp/r can be made relatlvely small
for many boundary-layer and volcanic stratospherlc aerosols (which can have 7, >0.1), but 67/, can
become unacceptably large for nonvolcanic stratospheric and free tropospheric 2erosols (which can have
7, <0.01).

Inspection of (1) shows that away to reduce the impact of 6V/V, on ét,/t, isto increase the particle
alrmass m,--i.e. to make measurements with the sun close to the horizon. ‘Fhls isusualy not
recommended for surface-based sunphotometers, because spatial inhomogeneity in atmospheric
refraction and aerosol content, plus timing errors, can introduce other large errors, e.g. through the Smym
term of (1). Nevertheless, it can produce satisfactory results for airborne measurementsin or near the
stratosphere, where both refraction and inhomogeneities are much smaller than at the surface (e.g.,
Russell et a., 19934). In our Airborne Arctic Stratospheric Expedition measurements with AATS-6
(Russdll et al., 1993a), the DC-8 was in fact flown along paths (called sun runs) specially chosen to
maintain such large airmasses for hours at atime. Results from such asun run are shown in Figure 5 of
Russell et al. (1993a). The primary reason for flying such paths was to enable long-path absorption
measurements of stratospheric trace gases (e.g., HF, HCl, HNO,, NO,) by Fourier-transform infrared
(FTIR) spectrometers; however, the sun runs also benefited the sunphotometer aerosol measurements.
Such twilight sun runs can be sustained for hours on the DC-8 when local daylight is short (i.e. in and
near winter), which will be the case for SOLVE-2.

Figure 11 illustrates some of the preceding points. Shown is an example of an analysis performed with

an airborne sunphotometer simulation/error analysis code adapted from one developed for NASA Ames
by the University of Arizona (Reagan et a., 1991). Frames 11aand 11b show model multiwavelength
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profiles of stratospheric and tropospheric aerosol extinction and optical depth. These are based on
stratospheric measurements by SAGE Il at 50N in February 1998, plus tropospheric measurements by
AATS-14 in ACE-Asia. In an effort to estimate stratospheric extinction expected in the Kirunavicinity
in January-February 2003, the 1998 SAGE-measured stratospheric extinction values have been reduced
by about 30%, yielding a stratospheric aerosol optical depth of 0.004 at wavelength 500 nm and altitude
12 km. (This optical depth is obtained from an analysis of both POAM and SAGE Il extinction profiles
inside and outside the northern polar vortex over the years 1988-2001 (L. Thomason, A. Strawa, A.
Tabazadeh, personal communications).) Frame 11c shows the altitude-vs-time profile of asimulated
DC-8 flight at 68N, 20E in February, taking off before midday and flying at 12 km from ~1000 to 1300
UTC, including local sunset. Also shown are the corresponding airmass values for Rayleigh scattering
(labelled “uniform™), ozone, aerosol, water vapor, and nitrogen dioxide. They differ because of their
different vertical profiles, as explained above. Frame 11d compares simulated measurements of optical
depth spectra (dashed lines and symbols with error bars) to the model spectra (solid lines) from which
they were computed. For purposes of illustration, this simulation assumes identical relative calibration
errors, 8V /V,, of +1% in each wavelength channel, and it assumes that constituent airmasses, m,, are
known accurately, i.e., that the sSmymterm of Eq. (1) is zero (see discussion of airmass errors below).
The ssimulation results in Frame 11d show how these calibration errors produce small relative errors (<5
%) in retrieved optical depth in the lower troposphere, how those optical depth relative errors increase as
optical depths decrease when the DC-8 ascends toward and into the stratosphere (with aerosol airmasses
m,,, <21; see Frame 11c), and how the optical depth relative errors then decrease (to 5 to 23%) as the
solar elevation decreases (and aerosol airmass m,, increases to ~40) while the DC-8 staysat 12 km.

During AASE Il “sun runs’, the DC-8 was flown westward during twilight, so as to maintain solar
zenith angles of 87 to 89 degrees for hours at atime. If the stratospheric aerosol is at or near
nonvolcanic levels during SOLVE-2 (asis likely, and as exemplified in Figure 11a,b), we will seek to
have the DC-8 fly twilight sun runs to produce large m and reduced 67/, according to (1).

Figure 12 shows analogous simulation results for a PSC case. The PSC extinction profilesin Frame 12a
are from a POAM measurement made at 66.59°N, 15.2°E on 5 February 2000. The PSC optical depth
(Frame 12b) at wavelength 1 um is 0.02, which is somewhat |ess than the average for Arctic PSCs
(0.025+0.014) found from an analysis of SAM 1I, SAGE Il, and POAM data over many northern winters
(Fromm et al., 1999; Tabazadeh et a., 2002). The PSC extinction wavelength dependence is based on
POAM and SAGE |l measurements described by Strawa et al. (2002). Comparing Frames 12d and 11d
shows how the increased optical depth of the PSC reduces the relative uncertainty in sunphotometer-
retrieved optical depth (to <5% at 500 nm). In the proposed research, analyses like these will be used to
investigate other sources of error (including signal instabilities, airmass errors, and tracking errors) and
to recommend DC-8 flight profiles that minimize them while satisfying other SOLV E-2 objectives.

As noted above, the Smymterm of Eqg. (1) was set to zero in the simulations of Figures 11 and 12.
However, in measurements at low solar elevation, determining airmasses m, accurately is an important
issue, because then airmass is sensitive to the vertical distributions of attenuating substances (and hence
isdifferent for different substances), as well asto photometer atitude. Thisisillustrated in Figure 13a,
which shows values of airmass m, as a function of solar zenith angle calculated for several constituents
encountered in AASE I1; Figure 13b shows the corresponding constituent vertical profiles. Under such
circumstances, we use measured vertical distributions of attenuating substances (obtained, e.g., by
aerosol, ozone, and water vapor lidars on the DC-8) to calculate the airmass for each substance (e.g.
Thomason et a., 1983; Russell et a., 1993b) and thereby keep the Smym term of (1) as small as possible.
Inspection of the datain Figure 13 suggests that knowing the peak altitude of the aerosol profile to £1km
permits deriving m,, to £5% or better for solar elevation =1° (solar zenith <89°). Thisissue will be
investigated more thoroughly in our proposed pre-mission analyses (Task 3.2.1, Section 3).
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The above discussion also implies the need to reduce the uncertainty in top-of-atmosphere output
voltages V, to the extent possible. Pre- and post-mission calibrations at a mountaintop observatory are
the preferred method for determining sunphotometer V, (e.g., Russell and Shaw, 1975; Russell et al.,
1993a,b; Reagan et al., 1992, 1995; Schmid and Wehrli, 1995; Schmid et al., 1998). For aerosol
channels, the mountain calibrations use the Langley-plot method, in which the logarithm of each
channel's output voltage is plotted vs. airmass (the ratio of slant to vertical optical depth). Water vapor
calibrations use the modified Langley-plot method (Reagan et al., 1992, 1995; Schmid et al., 1996)
mentioned above. The fundamental assumption of both methods is that the atmospheric vertical
transmission in each channel isinvariant during the time required to span the necessary range of
airmasses (typically about 2.5 hours, starting about one-half hour after sunrise or ending about one-half
hour before sunset). Mountain observatories have a greater frequency of the required invariant
transmission conditions than do lower-altitude sites. They also have the advantage of permitting
comparisons to other sunphotometers with well established calibration histories (see Figure 5).

In addition to the mountaintop pre- and post-mission calibrations, we will include an emphasisin
SOLVE-2 on acquiring airborne Langley plots, to check for any potential calibration changes between
ground and airborne operations. (Potential sources of such airborne calibration changes include window
contamination, temperature extremes not controlled by our heaters and detector coolers, electromagnetic
interference, tracking at a different point in a channel’s FOV -response curve than during calibration.)
Our previous measurements have shown that such in-flight changes might induce optical depth errors of
order 0.01 to 0.02 at high sun elevation angles, and progressively less at lower sun elevation (errors
proportional to 1/m,, cf. Eq. (1)). Hence, they are of little concern for measurements of the volcanically
perturbed stratosphere or of the full atmospheric column in urban-coastal environments (optical depths
typicaly 0.1 or larger). They are of concern for measuring free tropospheric or background
stratospheric aerosol optical depths, or for obtaining fine vertical resolution in optical depths measured
in aircraft descents and ascents.

Successful acquisition of airborne Langley plots requires flights at constant (preferably maximum)
atitude, under conditions of constant expected overlying optical depth, for a period of about 2.5 hours,
starting about one-half hour after sunrise or ending about one-half hour before sunset. The condition of
constant overlying optical depth excludes the occurrence of even subvisible clouds above the aircraft.
Acquisition of airborne Langley plot data has been an elusive goal in many previous missions flown by
AATS-6 and AATS-14, because of the stringent requirements on atmospheric conditions and sun angles,
coupled with competing desires for different flight trajectories by other investigators. Nevertheless,
with favorable atmospheric conditions, flight planning, and prioritization, successful airborne Langley
plots were acquired by AATS-14 on the Pelican aircraft in ACE-2.

In the proposed research, pre-campaign uncertainty analyses will be conducted to determine expected
sunphotometer retrieval uncertainties for aerosol, ozone, and water vapor for the specific conditions (e.g.
stratospheric vs. tropospheric, volcanic vs. nonvolcanic, background aerosol vs. PSC, low vs. high sun)
and aircraft paths expected in each campaign. These analyses will use EQ. (1) or appropriate variants for
aerosol and PSC retrievals and related equations for sunphotometer ozone and water vapor retrievals. In
addition, the SAGE |11 uncertainty equations [Egs. (3.2.4.1-5) of Russell et al., 1996b, based on Chu et
a., 1989], which account explicitly for the coupling of errors from interfering species determined by a
single instrument, will be analyzed for their applicability to the sunphotometer measurements. These
analyses will be used with the SOLVE-2 scientific objectives to determine what flight plans are
expected to have the highest overall payoff for validation and science goals.

Finally, we note that the proposed SOL VE validation measurements and analyses will benefit from our
extensive previous experience in validating the SAM |1, SAGE, and SAGE || measurements (e.g.,
Russell et al., 1984; Russell and McCormick, 1989).
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3. PROPOSED RESEARCH AND MANAGEMENT PLAN

3.1  Staffing and Management

Dr. Philip B. Russell will be Principal Investigator of the proposed research. As such, he will be
responsible for supervision of the work and will participate in the conduct of the research, including the
planning, AATS-14 tests, field measurements, and analyses, as well as selected presentations and
publications. He will be responsible for completion of the work within budget and schedule. Drs. Beat
Schmid, Jens Redemann, and John Livingston will participate in tests, calibrations, field measurements,
data analyses, presentations, and publications. James Eilers will be the lead engineer for the AATS-14
preparations, tests, DC-8 integration and operation in the field. Ames will furnish additional engineering
and technical personnel necessary to maintain, operate, and repair the instrumentation before, during,
and after the calibrations and field measurements.

Vitae of key personnel are in Section 6.

3.2  Proposed Tasks.

For the funding requested in Section 5 we will provide the necessary personnel, equipment, and
facilities, and will perform the following tasks.

3.2.1 SOLVE-2 planning and pre-mission analyses. We will participatein all necessary SOLVE-2
planning, including definition of scientific objectives, flight plans, and schedules for the DC-8
deployment. Pre-campaign uncertainty analyses, using the methods described in Section 2.4, will be
used to determine expected sunphotometer retrieval uncertainties for aerosol, ozone, and water vapor for
the specific conditions (e.g. stratospheric vs. tropospheric, background aerosol vs PSC or volcanic, low
vs. high sun), aircraft paths, and AATS-14 performance parameters (e.g., detector temperature stability,
output stability, tracking error) expected in each deployment. These analyses will be used with the
SOLVE scientific objectives to determine what flight plans are expected to have the highest overall
payoff for SOLVE-2 goals.

3.2.2 Pre- and post-campaign calibrations. We will perform necessary pre- and post-campaign
sunphotometer calibrations for aerosol, ozone, and water vapor at Mauna Loa Observatory.

3.2.3 DC-8 re-integration. We will support the integration of AATS-14 on the NASA DC-8 aircraft.
Our cost estimate assumes that, for SOLVE-2, AATS-14 will fly in the same port as in the June 1999
test flights (62° Port #1, on the forward left hand side of the aircraft). If it is necessary to move AATS
14 to another port we will provide arevised estimate of costs for the AATS-14 team.

3.2.4 SOLVE-2 measurements, calibrations, and data submissions. We will participate in SOLVE-2
by measuring aerosol and PSC optical depth spectra, ozone and water vapor column amounts.

3.2.5 End-of-flight data sets. As specified in Appendix A Section C of the NRA, we will produce a
preliminary data set at the end of each DC-8 flight for exchange with other measurement investigators
and SOLVE-2 managers for flight planning. We will use procedures and formats similar to those used
when we flew AATS-6 on the DC-8 in AASE-2.
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3.2.6 Vertical profile data. We will derive preliminary vertical profiles of aerosol and cloud extinction
spectra, plus ozone and water vapor concentrations, by differentiating column values measured in DC-8
ascents and descents,

3.2.7 Preliminary comparison to SAGE |11 and other measurements. We will make preliminary
comparisons of sunphotometer-derived aerosol, PSC, and trace gas results (best estimates and
uncertainties) to those retrieved from corresponding SAGE |11 measurements and provided by other
SOLVE-2 measurements. As noted above, we will propose more extensive validation analyses as part
of our SOSST proposal, to be submitted by 30 May.

3.2.8 Final data submission. We will submit final datain the required format, along with supporting
documentation, to a central datafacility approximately six months following completion of the mission,
per Appendix A Section C of the NRA.

3.3. Schedule
CY FY
2002 | SOLVE-2 selected proposals announced (Jun) 2002
AATS-14 Tests and Simulations (Jul-Sep)
AATS-14 Tests and Simulations (Oct) 2003

SOLVE-2 Initial Science Team Meeting (~Oct)

Pre-SOLVE-2 AATS-14 Aerosol/Ozone/Water Vapor Calibration, Mauna Loa
Observatory (10 days, Oct)

SOLVE-2 DC-8 Integration & Test/Science Flights, NASA Dryden (Nov-Dec)

2003 | SOLVE-2 DC-8 Deployment (3-4 weeks, 1 Jan-15 Feb 2003)

Preliminary Analyses and Intercomparisons (Jan-Sep)

Post-Campaign Sunphotometer Aerosol/Ozone/Water Vapor Calibration,
Mauna Loa Observatory (10 days, Feb-Mar)

SOLVE/SAGE Il Science Team Meeting (~May?)

Final data submission (Aug?)

Science Conference (May? Dec?)
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FY02 (Jul-Sep) FY03 (Oct-Jun) TOTAL
Work | $K Cost, Work | $K | Cost, Work | Cost,
Yr | /WY $K Yr WY $K Yr $K
Civil Service/Chargeback/Contract
P.B. Russell (PI) 0.05 0.10 0.15
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Engineering Chargeback 0.02] 181 3.6 197 0.0 0.02 3.6
Secty/Admin (SGG,SG,S, F, etc.) 0.11 0.23 0.34
Total| 0.41 0.83 1.24
F&A costs*(FY02 F&A covered by SAGE Il ST task) 0.00] 40.5 0.0 0.83] 48.5| 40.2 0.83] 40.2
Co-op
J. Livingston (SRI) 0.09] 226 20.3 0.10] 235| 235 0.19] 43.8
B. Schmid (BAERI) 0.05] 124 6.4 0.20] 142| 28.4 0.25] 34.8
Programmer (TBD) 0.10 67 6.7 0.15 73] 11.0 0.25 17.7
J. Redemann (BAERI) 0.05| 116 5.8 0.10] 129| 129 0.15 18.7
Total| 0.29 39.2 0.55 75.8 0.84[115.0
F&A costs* 0.29] 0.0 0.0 0.55| 14.5 8.0 0.84 8.0
Portion of above covered by SAGE Ill ST Task 30.0
Net charged to SOLVE-2 9.2
Parts (including A/C interface) 1.0 1.0
Instrument Mods 0.0 0.0 0.0
Computation & Lab Support
Vax, Network Fees 1.0 2.0 3.0
PC Support, SW 1.0 2.0 3.0
Computer/Peripheral Repairs 1.0 1.0 2.0
Instrument Repairs, Maintenance 1.0 2.0 3.0
Computer Hardware 1.0 1.0 2.0
Bldg 245 Journal Subscriptions 0.0 0.5 0.5
Contractor Travel 16.8 16.8
Publications 0.0 1.0 1.0
Division Reserve (1.0%) 0.2 1.5 1.7
Shipping (2xRT, ARC to MLO) 4.0(**
MLO Use Fees (waived for NASA projects)
Total 15.4 155.6 171.0

*Explanation of Facilities & Administrative (F&A) Costs

For Civil Servants F&A =G&A +ASP+Directorate Reserve

For Co-op F&A =ASP

Directorate Reserve is $2.0k per workyear

General and Administrative (G&A) Costs 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.
Mail Services, Fire, Security, Envirnomental, Center Management and Staff, Medical Services, and Administrative ADP.

Functions funded from G&A include Safety,

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, ISO 9000, Utilities, Photo & Imaging, Maintenance,

Data Communications, and Instrumentation.

**Assumes NASA van used to transport AATS-14 equipment and participants to and from Dryden integration and de-integration.

Assumes shipping to Kiruna covered by SOLVE-2 project.
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Travel

Total incl.

Airfare Per Diem Car C0-0p agreement
Trips $/trip  Total| |Days $/day Total| |Days $/day  Total [ Misc Total | travel burden

FY2003

SOLVE-2 Initial Science Team Meeting, assumed Hampton, VA (~Oct 2002)

Russell* 1 350 350 3 147 441 3 32 96 130 $1,017 $1,017

Schmid** 0 500 0 0 147 0 0 $0 $0
Pre-SOLVE-2 AATS-14 Calibration, Mauna Loa Observatory (Oct 2002)

Kolyer* 1 1400 1,400 9 143 1,287 10 48 480 0 $1,767 $1,767

Livingston** 1 900 900 9 143 1,287 0 130 $2,817 $3,662
SOLVE-2 Integration and Test Flights on DC-8, Edwards, CA (Nov 2002)

Eilers* 1 [drive NASA van] 5 145 725 5 50 250 130 $1,105 $1,105

Schmid** 1 [ride in NASA van] 5 145 725 0 130 $855 $1,005
SOLVE-2 Science Flights, Edwards, CA (Dec 2002)

Kolyer* 1 [drive NASA van] 4 145 580 3 50 150 130 $860 $860

Redemann?** 1 [ride in NASA van] 4 145 580 0 130 $710 $834

SOLVE-2 DC-8 Deployment (25 days, Jan-Feb 2003, crew change during Kiruna)
Based on plan discussed with C. R. Trepte, SOLVE Il Project Scientist, on 9 April 2002
Transit/science: Dryden-Fairbanks-Kiruna. Science: Kiruna. Transit/science: Kiruna-Azores-Azores-Kiruna.
Science: Kiruna. Transit/science: Kiruna-Fairbanks-Dryden.

¢ Dryden:

Eilers* 1 105 105 1 145 145 0 50 $300 $300
¢ Fairbanks:

Eilers* (on DC-8) 0 1 133 133 0 50 $183 $183
¢ Kiruna:

Eilers* (1-way hon 1 1,100 1,100 13 220 2,860 13 70 910 130 $5,000 $5,000

Schmid** 1 1,200 1,200 13 220 2,860 70 0 130 $4,190 $4,923
e Azores:

Schmid** (on DC-¢ 1 2 104 208 0 50 $258 $303
¢ Kiruna:

Kolyer* 1 2,200 2,200 9 220 1,980 0 130 $4,310 $4,310

Russell*(1-way to) 1 1,100 1,100 9 220 1,980 15 70 1050 130 $4,260 $5,006

Redemann** 1 1,200 1,200 13 220 2,860 70 0 130 $4,190 $4,923
¢ Fairbanks:

Rusell* (on DC-8) 0 1 133 133 0 50 $183 $183
SOLVE-2 De-integration from DC-8, Edwards, CA (Feb 2003)

Kolyer* 1 [drive NASA van] 1 145 145 50 $195 $195

Russell* 1 [ride in NASA van] 1 145 145 0 50 0 50 $195 $254
Post-SOLVE-2 AATS-14 Calibration, Mauna Loa Observatory (Mar 2003)

Eilers* 1 1400 1,400 10 143 1,430 10 48 480 50 $1,960 $1,960

(Second person assumed paid by another project)
SOLVE-2 Data Workshop, assumed Hampton, VA (~May 2003)

Russell* 1 350 350 3 147 441 3 32 96 0 $887 $887
Redemann** 1 500 500 3 147 441 0 0 $941 $1,106
*Civil Servant FY03 Civil Servant Total $22,166
**Co-0p FY03 Contractor Total $16,756
FY03 Grand Total $38,922
Notes:
1. Assumes 2 people in field during Kiruna deployment, except 4 people during 1-day overlap for crew change.
2. Assumes only 1 seat available on DC-8 transit flights. Savings of airfare and maybe per diem possible if another DC-8 seat is available.

w

. Assumes commercial housing at State Department per diem (FYO2 rates).
Savings possible if military or special housing used at Edwards or deployment locations.
Costs will increase if FYO3 per diem rates exceed FY02 rates.
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Bay Area Environmental Research Institute
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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 Ingtitute of Applied Physics, University of Bern, Switzerland

Professional Experience
Bay Area Environmental Research Institute, Sonoma, CA (1997-Present)
Senior Research Scientist

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

* 9yearsof 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, H,O and Os.

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

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

e  Participated with the NASA Ames Airborne Sun photometersin SAFARI 2000 (Southern African Regional Science
Initiative; August/September 2000). Validation of lidar and satellite retrievals.

e  Participated with the NASA Ames Airborne Sun photometersin ACE-Asia (Asian Pacific Regional Aerosol
Characterization Experiment; April 2001)

* Test of candidate methods for SAGE |11 satellite ozone/aerosol separation using airborne sunphotometer data.

e Application of NOAA/AVHRR satellite data to monitor vegetation growth in Switzerland
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Scientific Societies'Committees
*  Associate Editor, Journal Geophysical Research (2002- )
*  American Geophysical Union
*  American Meteorological Society

Publications Summary
19 (7 first-authored and 12 co-authored) scientific publicationsin various scientific journals (published or in press).
6 (1 first-authored and 5 co-authored) publications submitted recently to various scientific journals
64 (20 first-authored and 44 co-authored) conference publications
13 invited talks at conferences, workshops and seminars

List of publications

Schmid, B., and C. Wehrli, Comparison of Sun Photometer Calibration by Langley Technique and Standard Lamp. Appl. Opt.,
34(21), 4500-4512, 1995.

Schmid, B., K. J. Thome, P. Demoulin, R. Peter, C. Métzler, and J. Sekler, Comparison of Modeled and Empirical Approaches
for Retrieving Columnar Water Vapor from Solar Transmittance Measurements in the 0.94 Micron Region. J. Geophys. Res.,
101(D5), 9345-9358, 1996.

Schmid, B., C. Métzler, A. Heimo, and N. Kampfer, Retrieval of Optical Depth and Size Distribution of Tropospheric and
Stratospheric Aerosols by Means of Sun Photometry. |EEE Geoscti. Remote. Sens,, 35(1), 172-182, 1997.

Schmid, B., P. R. Spyak, S. F. Biggar, C. Wehrli, J. Sekler, T. Ingold, C. Métzler, and N. Kémpfer, Evaluation of the
applicability of solar and lamp radiometric calibrations of a precision Sun photometer operating between 300 and 1025 nm.
Appl. Opt., 37(18), 3923-3941, 1998.

Schmid B., J. Michalsky, R. Halthore, M. Beauharnois, L. Harrison, J. Livingston, P. Russell, B. Holben, T. Eck, and A.
Smirnov, Comparison of Aerosol Optical Depth from Four Solar Radiometers During the Fall 1997 ARM Intensive
Observation Period, Geoghys Res. Lett., 26(17), 2725-2728, 1999.

Pilewskie P., M. Rabette, R. Bergstrom, J. Marquez, B. Schmid, and P. B. Russell: The Discrepancy Between Measured and
g/IO%c(i)eled Downwelling Solar Irradiance at the Ground: Dependence on Water Vapor. Geophys. Res. Lett., 27(1),137-140,

Ferrare, R., S. Ismail, E. Browell, V. Brackett, M. Clayton, S. Kooi, S. H. Méelfi, D. Whiteman, G. Schwemmer, K. Evans, P.
Russell, J. Livingston, B. Schmid, B. Holben, L. Remer, A. Smirnov, P. Hobbs. Comparisons of aerosol optical properties
Sgg 3\/vgtoecr)ovapor among ground and airborne lidars and sun photometers during TARFOX. J. Geophys. Res., 105(D8), 9917-

Redemann, J., R. P. Turco, K. N. Liou, P. B. Russell, R. W. Bergstrom, B. Schmid, J. M. Livingston, P. V. Hobbs, W. S.
Hartley, S. Ismail, R. A Ferrare, E. V. Browell, Retrieving the Vertical Structure of the Effective Aerosol Complex Index of
Refraction From a Combination of Aerosol In Situ and Remote Sensing Measurements During TARFOX. J. Geophys. Res.,
105(D8), 9949-9970, 2000.

Schmid, B., J. M. Ljvingston, P. B. Russdll, P. A. Durkee, H. H. Jonsson, D. R. Callins, R. C. Flagan, J. H. Seinfeld, S. Gasso,
D. A. Hegg, E. Ostrom, K. J. Noone, E. J. Welton, K. J. Voss, H. R. Gordon, P. Formenti, and M. O. Andreae, Clear sky
closure studies of lower tropospheric aerosol and water vapor during ACE 2 using airborne sunphotometer, airborne in-situ,
s,oace—borne, and ground-based measurements, Tellus, B 52, 568-593, 2000.

Callins, D. R., H. H. Jonsson, J. H. Seinfeld, R.C. Flagan, S. Gassd, D. A. Hegg, B. Schmid, P. B. Russdll, J. M. Livingston, E.
Ostrom, K. J. Noone, L. M. Russell, and J. P. Putaud, In situ aerosol size distributions and clear column radiative closure
during ACE-2. Tellus, B 52, 498-525, 2000.

Durkee, P. A., K. E. Nielsen, P. J. Smith, P. B. Russell, B. Schmid, J. M. Livingston, B. N. Holben, D. R. Collins, R. C. Flagan,
J. H. Seinfeld, K. J. Noone, E. Ostrém, S. Gasso, D. A. H((a_j; , L. M. Russell, T. S. Bates, and P. K. Quinn. Regional aerosol
properties from satellite observations. ACE-1, TARFOX and ACE-2 results. Tellus, B 52, 484-497, 2000.

Gasso, S, D. A. Hegg, K. J. Noone, D. S. Covert, B. Schmid, P. B. Russell, J. M. Livingston, P. A. Durkee, and H. H. Jonsson,
Ir12flue|%ce6of 2888 ity on the aerosol scattering coefficient and its effect on the upwelling radiance during ACE2. Tellus, B
52, 546-567, )

Livingston, J. M., V. Kapustin, B. Schmid, P. B. Russell, P. K. Quinn, T. S. Bates, P. A. Durkee, P. J. Smith, V. Freudenthaer,
D. S. Covert, S. Gasso, D. A. Hegg, D. R. Callins, R. C. Flagan, J. H. Seinfeld, V. Vitale, and C. Tomasi, Shipboard
sunphotometer measurements of aerosol optical depth spectra and columnar water vapor during ACE 2 and comparison to
selected land, ship, aircraft, and satellite measurements. Tellus, B 52, 594-619, 2000.

Welton, E. J.,, K. J. Voss, H. R. Gordon, H. Maring, A. Smirnov, B. N. Holben, B. Schmid, J. M. Livingston, P. B. Russell, P.
A. Durkee, P. Formenti, M. O. Andreae, and O. Dubovik, Ground-based lidar measurements of aerosols during ACE-2: lidar
description, results, and comparisons with other ground-based and airborne measurements. Tellus, B 52, 636-651, 2000.

Ingold, T., B. Schmid, C. Métzler, P. Demoulin, and N. Kémpfer, Modeled and Empirical Approaches for Retrieving Columnar

ater Vapor from Solar Transmittance Measurements in the 0.72, 0.82 and 0.94-um Absorption Bands. J. Geophys. Res.,
105(D19), 24327-24343, 2000.

Schmid B., J.J. Michalsky, D.W. Slater, J.C. Barnard, R.N. Halthore, J.C. Liljegren, B.N. Holben, T.F. Eck, JM. Livingston,
P.B. Russell, T. Ingold, and I. Slutsker. Comparison of columnar water-vapor measurements from solar transmittance
methods. Applied Optics, Voal. 40, No. 12, 1886-1896 (2001).

Kiedron P, J. Michalsky, B. Schmid, D. Slater, J. Berndt, L. Harrison, P. Racette, E. Westwater, and Y. Han, A Robust
Retrieval of Water Vapor Column in Dry Arctic Conditions Using the Rotating Shadowband Spectroradiometer. J. Geophys.
Res. 106gD20), 24007-24016, 2001.

Russell P. B., J. Redemann, B. Schmid, R. W. Bergstrom, J. M. Livingston, D. M. Mclntosh, S. Hartley, P. V. Hobbs, P. K.
Quinn, C. M. Carrico, M. J. Rood, E. Ostrém, K. J. Noone, W. von Hoyningen-Huene, and L. Remer. Comparison of aerosol
f53| 61gglg %caztb%rizng albedos derived by diverse techniques in two North Atlantic experiments. J. Aerosol <ci., Vol. 59, No. 3,

-619, .

McGill M., D. Hlavka, W. Hart, J. Spinhirne, S. Scott, and B. Schmid. The Cloud Physics Lidar: Instrument Description and

Initial Measurement Results. Appl. Opt. 2002 (in press).
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Revercomb H.E., D.D. Turner, D.C. Tobin, R.O. Knuteson, W.F. Feltz, B. Balsley, J. Barnard, J. Bdsenberg, S. Clough, D.
Cook, R. Ferrare, J. Goldsmith, S. Gutman, R. Halthore, B. Lesht, J. Liljegren, H. Linné, J. Michalsky, V. Morris, W. Porch,
S. Richardson, B. Schmid, M. Splitt, T. Van Hove, E. Westwater, and D. Whiteman. The Atmospheric Radiation
M easurement fARM) Program’s Water Vapor Intensive Observation Periods: Overview, Accomplishments, and Future
Challenges. Bull. Amer. Meteor. Soc. (submitted), 2001.

Schmid B., J. Redemann, P. B. Russell, P. V. Hobbs, D. L. Hlavka, M. J. McGill, B. N. Holben, E. J. Welton, J. Campbell, O.
Torres, R. A. Kahn, D. J. Diner, M. C. Helmlinger, D. A. Chu, C. Robles Gonzalez, and G. de Leeuw, Coordinated airborne,
épaceborne, and ground-based measurements of massive, thick aerosol layers during the dry season in Southern Africa, J.

eophys. Res., submitted, 2002.

Magi, B. I., P. V. Hobbs, B. Schmid, and J. Redemann, Vertical profiles of light scattering, light absorption and single
scattering albedo during the dry, biomass burning season in southern Africa and comparisons of in situ and remote sensing
measurements of aerosol optical depths, J. Geophys. Res., submitted, 2002.

Gatebe, C. K., M. D. King, S. Platnick, G. T. Arnold, E. F. Vermote, and B. Schmid, Airborne Spectral Measurements of
%(r)fzace-Atmosphere Anisotropy for Several Surfaces and Ecosystem over Southern Africa, J. Geophys. Res., submitted,

Bergstrom, R.W., P. Pilewskie, B. Schmid, and P.B. Russell, Comparison of Measured and Predicted Aerosol Radiative Effects

uring SAFARI 2000, J. Geophys. Res., submitted, 2002.

Pilewskie, P., J. Pommier, R. Bergstrom, W. Gore, M. Rabbette, S. Howard, B. Schmid, and P.V. Hobbs, Solar Spectral

Radiative Forcing During the South African Regional Science Initiative, J. Geophys. Res., submitted, 2002.

(c) John M. Livingston
SRI International
MS 306-42
333 Ravenswood Avenue
Menlo Park, CA 94025

Education
Notre Dame Y ear-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, Applied Physical Sciences Laboratory

University of Arizona, Tucson, AZ (1974-1977)
- Research assistant, Institute of Atmospheric Physics
- NASA Kennedy Space Center (1975-1976): thunderstorm electrification studies

Scientific Contributions

Acquisition and analysis of ground-based, airborne, and shipboard sunphotometer measurementsin 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 |1, SAGE |, and SAGE Il), 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 profilesin 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
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Honorsand Awards

- 1997 NASA Ames Research Center Contractor of the Y ear

Scientific Societies
- American Geophysical Union

Publications
Over 45 scientific publications in various major atmospheric science journals

Selected publications:

Livingston, J. M., P. B. Russdll, J. S. Reid, J. Redemann, B. Schmid, D. Allen, O. Torres, R. C. Levy, L. A. Remer, B.
N. Holben, A. Smirnov, O. Dubovik, E. J. Welton, J. Campbell, S. A. Christopher, J. Wang, Airborne
sunphotometer measurements of aerosol optical depth and columnar water vapor during the Puerto Rico Dust
Experiment, and comparison with land, aircraft, and satellite measurements, J. Geophys. Res., submitted,
2002.

Livingston, J.M., V.N. Kapustin, B. Schmid, P.B. Russell, P.K. Quinn, T.S. Bates, P.A. Durkee, P.J. Smith, V.
Freudenthaler, M. Wiegner, D.S. Covert, S. Gasso, D. Hegg, D.R. Callins, R.C. Flagan, JH. Seinfeld, V.
Vitale, and C. Tomasi, 2000: “Shipboard sunphotometer measurements of aerosol optical depth spectra and
columnar water vapor during ACE-2 and comparison with selected land, ship, aircraft, and satellite
measurements,” Tellus, 52B.

Livingston, J.M., and P.B. Russell, 1989: “Retrieval of Aerosol Size Distribution Moments from Multiwavelength
Particulate Extinction Measurements,” J. Geophys. Res., 94, 8425-8433.

Livingston, J.M., and R.M. Endlich, 1988: “The Relationship of Satellite-Inferred Stratospheric Aerosol Extinction to
the Position of the 50 mb North Polar Jet Stream,” J. Appl. Meteor., 27, 757-773.

Livingston, J.M., and E.P. Krider, 1978: “Electric Fields Produced by Florida Thunderstorms,” J. Atmos. <ci., 83,
385-401.

Ludwig, F.L., JM. Livingston, and R.M. Endlich, 1991: “Use of Mass Conservation and Critical Dividing Streamline
Concepts for Efficient Objective Analysis of Windsin Complex Terrain,” J. Appl. Meteor., 30, 1490-1499.

Oberbeck, V.R., JM. Livingston, P.B. Russell, R.F. Pueschel, JN. Rosen, M.T. Osborn, M.A. Kritz, K.G. Snetsinger,
and G.V. Ferry, 1989: “SAGE |l Aerosol Validation: Selected Altitude Measurements, Including Particle
Micromeasurements,” J. Geophys. Res., 94, 8467-8380.

Pueschdl, R.F., and J.M. Livingston, 1990: “Aerosol Spectral Optical Depths. Jet Fuel and Forest Fire Smokes,” J.
Geophys. Res., 95, 22,417-22,422.

Russell, P.B., JM. Livingston, P. Hignett, S. Kinne, J. Wong, A. Chien, R. Bergstrom, P. Durkee, and P.V. Hobbs,
1999: “ Aerosol-induced radiative flux changes off the United States mid-Atlantic coast: Comparison of
values calculated from sunphotometer and in situ data with those measured by airborne pyranometer,” J.
Geophys. Res., 104, 2289-2307.

Russell, P.B., JM. Livingston, R.F. Pueschel, JA. Reagan, E.V. Browell, G.C. Toon, P.A. Newman, M.R. Schoeberl,
L.R. Lait, L. Pfister, Q. Gao, and B.M. Herman, 1993: “Post-Pinatubo Optical Depth Spectravs. Latitude
and Vortex Structure: Airborne Tracking Sunphotometer Measurementsin AASE |1,” Geophys. Res. Lett.,
20, 2571-2574.

Russell, P.B., JM. Livingston, and E.E. Uthe, 1979: “Aerosol-Induced Albedo Change: Measurement and Modeling
of an Incident,” J. Atmos. <ci., 36, 1587-1608.

Uthe, E.E., JM. Livingston, and N.B. Nielsen, 1992: “Airborne Lidar Mapping of Ozone Concentrations During the
Lake Michigan Ozone Study,” J. Air and Waste Management Assoc., 42, 1313-1318.
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Uthe, E.E., and J.M. Livingston, 1986: “Lidar Extinction Methods Applied to Observations of Obscurant Events,”
Appl. Opt., 25, 678-684.

(d) Jens Redemann
Abbreviated Curriculum Vitae

Research Scientist, Bay Area Environmental Research Ingtitute
MS-245, NASA Ames Research Center, Moffett Field, CA 94035-1000
Phone: (650) 604-6259 Fax: (650) 604-3625, email: jredemann@mail.arc.nasa.gov

PROFESSIONAL EXPERIENCE

Research Scientist April 1999 to present
Bay Area Environmental Research Institute, San Francisco.

Resear ch Assistant May 1995 to March 1999
University of California, Los Angeles, Department of Atmospheric Sciences.

Lecturer Jan. 1999 to March 1999
University of California, Los Angeles, Department of Atmospheric Sciences.

Resear ch Assistant June 1994 to April 1995
Free University of Berlin, Germany. Department of Physics.

EDUCATION

Ph.D. in Atmospheric Sciences. 1999
University of California, Los Angeles. Specialization: atmospheric physics and chemistry.

M.S. in Atmospheric Sciences. 1997
University of California, Los Angeles. Specialization: atmospheric physics and chemistry.

M.S. in Physics. 1995

Free University of Berlin, Germany. Specialization in experimental physics and mathematics.

RELEVANT RESEARCH EXPERIENCE

9. Principa Investigator for the participation of AATS-14 in the CLAMS (Chesapeake Lighthouse Aerosol M easurements
for Satellites) satellite validation study (July 2001). Responsible for proposal writing, experiment design and instrument
integration. Member of CLAMS science team.

10. Participated in the SAFARI-2000, ACE-Asia, and CLAMS field experiments aimed at investigating aerosol-climate
interactions.

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

12. 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.

* Deveoped inversion algorithms (C and IDL) and data analysis tools for aircraft-based lidar and sunphotometer
measurements during field experiments (PEM, TARFOX).

* Involved in the development of a multi-wavelength, ground-based lidar system at the Free University of Berlin,

Germany.
. Speciali32/6d course work in atmospheric sciences, geophysical fluid dynamics, cloud physics, radiative transfer and

remote sensing.

HONORS

Invited Speaker at the Atmospheric Chemistry Colloquium for Emerging Senior Scientists June 1999
(ACCESSV).
Outstanding Student Paper Award, American Geophysical Union - fall meeting. 1998
NASA Global Change Research Fellowship Awards. 1996-1998
UCLA Neiburger Award for excellence in the teaching of the atmospheric sciences. 1997

ORGANIZATIONS
American Association for Aerosol Research, American Geophysical Union, Co-president of the UCLA - Atmospheric Sciences
Graduate Student Group.
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BIBLIOGRAPHY (sdection isappended)
8 peer-reviewed (6 senior-authored + 2 junior-authored), +2 submitted junior-authored journal articles.

18 senior-authored (21 total) conference presentations (16 oral, 5 poster).

BIBLIOGRAPHY

Magi, B. ., P. V. Hobbs, B. Schmid, and J. Redemann, Vertical profiles of light scattering, light absorption and single-
scattering albedo during the dry, biomass burning season in southern Africa and comparisons of insitu and remote sensing
measurements of aerosol optical depths, submitted to the JGR special issue on SAFARI-2000, 2002.

Schmid, B., J. Redemann, P. B. Russell, P. V. Hobbs, D. L. Hlavka, M. McGill, W. Hart, B. N. Holben, E. J. Welton, J.
Campbell, O. Torres, R. Kahn, D. Diner, M. Helmlinger, D. A. Chu, L. A. Remer, C. Robles Gonzalez, G. de Leeuw,
Coordinated airborne, space borne, and ground based measurements of massive, thick aerosol layers during the SAFARI-
2000 Dry Season Campaign, submitted to the JGR special issue on SAFARI-2000, 2002.

*Russell, P.B., J. Redemann, B. Schmid, R.W. Bergstrom, J.M. Livingston, D.M. Mclntosh, S. Hartley, P.V. Hobbs, P.K.
Quinn, C.M. Carrico, M.J. Rood, E. Ostrém, K.J. Noone, W. von Hoyningen-Huene, and L. Remer, Comparison of aerosol
single scattering albedos derived by diverse techniques in two North Atlantic experiments, J. Atmos. Sci., 59, 609-619,
2002.

*Redemann, J., P.B. Russell, and P. Hamill, Dependence of aerosol light absorption and single scattering albedo on ambient
relative humidity for sulfate aerosols with black carbon cores, J. Geophys. Res., 106, 27,485-27,495, 2001.

*Redemann, J., P.B. Russell, M.P. McCormick, D.M. Winker, On the feasibility of studying shortwave agrosol radiative forcing
of climate using dual-wavelength lidar-derived aerosol backscatter data, Presented at the 20" International Laser Radar
Conference, Vichy, France, Proceedings, July 2000.

Redemann, J., Combining Remote Sensing and In Situ Aerosol Measurements for the Determination of Aerosol Optical
Properties and Radiative Effects, Invited Presentation at Stanford University, February, 2000.

*Redemann, J., R.P. Turco, K.N. Liou, P.B. Russell, R.W. Bergstrom, B. Schmid, J.M. Livingston, P.V. Hobbs, W.S. Hartley,
S. Ismail, R.A Ferrare, E.V. Browell, Retrieving the vertical structure of the effective aerosol complex index of refraction
from a combination of aerosol in situ and remote sensing measurements during TARFOX, J. Geophys. Res. , 105, 9949-
9970, 2000.

*Redemann, J., R.P. Turco, K.N. Liou, P.V. Hobbs, W.S. Hartley, R.W. Bergstrom, E.V. Browell, and P.B. Russell, Case
studies of the vertical structure of the direct shortwave aerosol radiative forcing during TARFOX, J. Geophys. Res., 105,
9971-9979, 2000.

*Redemann, J., R.P. Turco, R.F. Pueschel, M.A. Fenn, E.V. Browell and W.B. Grant. A Multi-Instrument Approach for
Characterizing the Vertical Structure of Aerosol Properties. Case Studies in the Pacific Basin Troposphere, J. Geophys.
Res., 103, 23,287 - 23,298, 1998.

*Redemann, J., R.P. Turco, R.F. Pueschel, E.V. Browell, W.B. Grant. Comparison of Aerosol Measurements by Lidar and In
Situ Methods in the Pacific Basin Troposphere, in * Advances in Atmospheric Remote Sensing with Lidar’, A. Ansmann, R.
Neuber, P. Rairoux, U. Wandinger (eds.), pp.55-58, Springer, Berlin, 1996.

*Pueschel, R.F.; D.A. Allen, C. Black, S. Faisant, G.V. Ferry, S.D. Howard, J.M. Livingston, J. Redemann, C.E. Sorensen, S.
Verma, Condensed Water in Tropical Cyclone “Oliver”, 8 February 1993, Atmospheric Research, 38, pp.297-313, 1995.

# indicates a peer-reviewed publication

7. CURRENT SUPPORT

As specified in Appendix B of the NRA, other projects being conducted by the Principal Investigator (PI)
are identified by title, sponsoring agency, and ending date.

NASA RTOP 621-60-02-10, Pl P. Russell. $105,000 (bridge funding) in FY 02, 10/95-9/02, 2 person-months/17% L oE per
year. “SAGE Il Science Team Activities.” Principal activities include contributing to the SAGE |11 Aerosol Algorithm
Theoretical Basis Document (ATBD), planning and preparing for validation/correl ative measurements, using the AATS-14
sunphotometer as atest-bed for SAGE 111 agorithm development, and investigating retrieval algorithms for aerosol particle
surface area, volume, and effective radius.
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NASA RTOP 621-45-51-10, Pl P. Russell. $20,000 (bridge funding) in FY 02, 10/95-9/02, 1 person-month/8% L oE per year.
“Composite Data Analyses for Stratospheric Aerosols.” The principal activity is seeing three papers based on the SAGE II-
CLAES climatological analyses of Dr. Jill Bauman (SUNY Stony Brook PhD dissertation) through the review and publication
process. The papers, describing a 1984-99 stratospheric aerosol climatology, were submitted in early 2002.

NASA RTOP 291-01-91-45, Pl P. Russell. $236,300 in FO2, 2/00-1/03, 3 person-months/25% L oE per year. “Satellite-
Sunphotometer Studies of Aerosol, Water Vapor and Ozone.”

NASA RTOP 622-44-75-10, Pl P. Russell. $175,000 (bridge funding) in FO2, 2/99-1/03, 2 person-months/17% L oE per year.
“Improved Exploitation of Field Data Setsin GACP.”

NOAA Interagency Transfer of Funds NAO2AANRGO0129, Pl P. Russell. $159,500 in FY 02, 5/00-3/03, 3 person-
months/25% L oE per year. “ACE-2 and ACE-Asia Aerosol Radiative Effect Studies Using Satellite, Sunphotometer, and in-
situ Measurements.”

ONR Contract/Order N00014-01-F-0404, Pl P. Russell. $63,900 in FY 02, 3/01-9/02, 1 person-month/8% LoE per year.
“AATS-14 Measurements and Analysesin ACE-Asia.”
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8. ILLUSTRATIONS
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Fig. 1. Instrument channel wavelengths (vertical lines or shaded bars) in relation to atmospheric spectra. Top:
SAGE Il (shaded vertical barsindicate contiguous detector elements). Bottom: AATS-14 (2138 nm channel not
shown). Arrows above each frame show predecessor instrument wavelengths. Spectra of In(1/T) are calculated for
transmission T of the direct solar beam at sealevel using MODTRAN-3/Version 1.2, aUS Standard atmosphere, a
spring-summer tropospheric aerosol model, and sun at the zenith.
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Figure 4. Left panel: Aerosol optical depth profiles at 13 wavelengths from 354 to 1558 nm cal culated
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2001 during ACE-Asia. Right panel: Corresponding aerosol extinction profiles derived by differentiating
spline fits (dashed linesin left panel) to the optical depth profiles.
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Fig. 10. Left panel: Profile of the columnar water vapor above the Pelican aircraft measured in ACE-2 south of the coast
of Tenerife. Right panel: Water vapor density derived by differentiating the profile in the left panel. Also shown for
comparison is the profile obtained by combining readings of a humidograph and outside temperature on Pelican
(humidograph data courtesy of S. Gasso, University of Washington). (Schmid et al., 2000)
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Fig. 11.(a,b) Model profiles of stratospheric and tropospheric aerosol extinction and optical depth based on
SAGE Il and AATS-14 measurements. (¢) Profile of asimulated flight at 68N, 20E on January 25, 2003 with
corresponding airmass values for Rayleigh, ozone, aerosol, water vapor, and NO,. (d) Simulated measurements
of optical depth spectra (dashed lines and symbols with error bars) with the model spectra (solid lines) used to
compute them.
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Appendix: Ames Airborne Tracking Sunphotometers, AATS-6 and AATS-14

Philip B. Russdll, John M. Livingston, Beat Schmid, and James A. Eilers
NASA Ames Research Center, Moffett Field, CA 94035-1000
prussell @mail.arc.nasa.gov

1. Introduction

The NASA Ames Airborne Tracking Sunphotometers
(AATS-6 and AATS-14) measure the transmission of the
solar beam in six and 14 spectral channels, respectively.
Azimuth and elevation motors controlled by differential
sun sensors rotate a tracking head so as to lock on to the
solar beam and keep detectors normal to it. The tracking
head of each instrument mounts external to the aircraft
skin, to minimize blockage by aircraft structures and also
to avoid data contamination by aircraft-window effects.
Each channel consists of a baffled entrance path,
interference filter, photodiode detector, and integral
preamplifier. The filter/detector/preamp sets are
temperature-controlled to avoid thermally-induced
calibration changes. Each instrument includes an
entrance-window defogging system to prevent
condensation (a problem otherwise common in aircraft
descents). In general, sun tracking is achieved
continuously, independent of aircraft pitch, roll, and yaw,
provided rates do not exceed ~8° s* and the sun is above
aircraft horizon and unblocked by clouds or aircraft
obstructions (e.g., tail, antennas). Data are digitized and
recorded by an onboard data acquisition and control
system. Realtime data processing and color display are
routinely provided. The science data set includes the
detector signals, derived optical depths and water vapor
column content, detector temperature, sun tracker azimuth
and elevation angles, tracking errors, and time.
Radiometric calibration is determined via Langley plots,
either at high-mountain observatories or on specially
designed flights. Repeated calibrations show that the
instruments maintain their calibration (including window
and filter transmittance, detector responsivity and
electronic gain) to within 1% in most spectral channels for
periods of several monthsto ayear.

2. Six-Channel Tracking Sunphotometer (AATS-6)

The six-channel instrument [Fig. 1, Matsumoto et al.,
1987] uses a differential-shadowing sun sensor to drive
the azimuth and elevation tracking motors. The window-
defogging system uses bottled dry nitrogen, which
also ads in overall instrument thermal control. The
six filter/detector/preamp sets are mounted in a common
heat sink maintained at 45 +1 °C. Filter wavelengths are
shown in Fig. 2. Filter full widths at half-maximum
(FWHM) are 5 nm. Data are digitized and recorded by a
laptop computer-based data acquisition and control
system, with realtime, onboard processing and color
display.

AATS-6 has flown on a variety of aircraft, including the
NASA CV-990, C-130, and DC-8, the Sandia National

Al

Laboratories Twin Otter, and the University of
Washington C-131A. These measurements have been
compared with SAGE |l measurements of free-
tropospheric and stratospheric aerosols [Russell et al.,
1986; Livingston and Russell, 1989] and used to
characterize the spectral optical depth of oil- and forest-
fire smokes and thin clouds [Pueschel et al., 1988;
Pueschel and Livingston, 1990], to measure tropospheric
haze aerosols and their impact on atmospheric radiation
and on remote measurements of the Earth's surface
[Spanner et al., 1990; Wrigley et al., 1992; Russell et al.,
1999], and to document the effect of the 1991 Pinatubo
volcanic eruption on global-scale stratospheric aerosol
optical depth spectra [Russell et al., 1993a,b; 1996; Toon
et al., 1993]. In addition, AATS-6 operated successfully
on the ship R/V Vodyanitsky in the second Aerosol
Characterization Experiment (ACE-2), making
measurements of marine, European, and African aerosol
optical depth spectra, as well as water vapor columns
[Livingston et al., 1997].
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Figure 1. Six-channel Ames Airborne Tracking

Sunphotometer (AATS-6).
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Ames 6-channel sunphotometer, AATS-6

Ames 14-channel sunphotometer, AATS-14
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Figure 2. Sunphotometer channel wavelengths (vertical lines with arrows) in relation to atmospheric spectra.
The spectra of transmittance T of the direct solar beam at sea level were calculated using MODTRAN-
3.7/Version 1.0 with a Midlatitude Summer atmosphere, a rural spring-summer tropospheric aerosol model (Vis =
23 km), and the sun at the zenith. Current center wavelengths of channel filters are 354, 380, 449, 454, 500, 525,
606, 675, 779, 864, 940,1019, 1240, 1558 nm for AATS-14 and 380, 451, 525, 864, 941, 1021 nm for AATS-6.
Filter full widths at half-maximum (FWHM) are 5 nm, except for the 449 and 454 nm channels, which have

FWHM 0.94 and 2.17 nm, respectively.

3. Fourteen-Channel
(AATS14)

Tracking Sunphotometer

AATS-14 (Fig. 3) was developed under the NASA
Environmental Research Aircraft and Sensor Technology
(ERAST) Program. It provides 14 spectral channelsin the
same tracking-head size as the six-channel instrument,
with a more compact and automated data/control system.
AATS-14 is designed to operate on a variety of aircraft,
some of which may be remotely piloted or autonomous.
Hence it can locate and track the sun without input from
an operator and record data in a self contained data
system. In addition, it must interface to an aircraft-
provided telemetry system, so as to receive and execute
commands from a remote operator station, and transmit
science and instrument-status data to that station.

SOLVE2SunphotProp_finalA.pdf

AATS-14 uses a quad-cell photodiode to derive azimuth
and elevation tracking-error signals. Window defogging
is achieved by a foil heater. Channel filters are at
wavelengths from 354 to 1558 nm (Fig. 2), chosen to
allow separation of aerosol, water vapor, ozone, and
nitrogen dioxide transmission. Detectors in the two
longest-wavelength channels incorporate thermoelectric
coolers. The other 12 channels are maintained at an
elevated temperature by a foil heater or a liquid-
loop/thermoel ectric heater/cooler system.

AATS-14 made its first science flights on the Pelican
(modified Cessna) aircraft of the Center for
Interdisciplinary Remotely Piloted Aircraft Studies
(CIRPAS) during the Tropospheric Aerosol Radiative
Forcing Observational Experiment (TARFOX) in July
1996 [Russell et al., 1999]. More extensive flights on
Pelican were made in the second Aerosol Characterization
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Experiment (ACE-2), providing many measurements of
marine, European, and African aerosol optical depth
spectra, as well as water vapor columns [Schmid et al.,
2000].

AATS-14 completed its first operations on a pressurized
aircraft in June 1999, when it made five test flights on the
NASA DC-8. Operations included autonomous sun
finding, tracking and data acquisition with external
temperatures as low as —-62 C and sun angles from ~10°
off aircraft zenith to local horizontal.
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Figure 3. Fourteen-channel Ames Airborne Tracking
Sunphotometer (AATS-14). Dimensions are in inches.
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Weight, Power, Size, and Related I nformation
1. Six-Channel Ames Airborne Tracking Sunphotometer (AATS-6):
Part Weight Size Power Type of External
(19" panel or other) Required Power Sensor
(watts, (V,H2) L ocation
amps)

a. Sunphotometer 62 |b. (Includes Telescope dome 8" OD, See (b)) See (b)) Zenith or
telescope 27-1b head, Cylinder flange 10" OD near-zenith

1-Ib bearing, Overall telescope height port
5-Ibisolator, ~15" w/o. bottom cable (Seenote.)
1-Ib reinforc. ring, connector. Extends ~6"

1 Ib mounting bolts, | above A/C skin, 9" below.

27-1b cable) Mounted in Zenith port.

b. Data/control 391b. (Includes 27- | 13" total rack height in 19" 3.1 A control | 120VAC, 60Hz | N/A

system Ib control box; 5-1b | rack mount panel. (Includes | box plus0.8 A
laptop w/ 2-Ib 9” high control box and 4” laptop
charger and 5-1b high laptop tray)
rack tray)

c. N, gasbhottle 301b 7.5" Diax 21" H N/A N/A N/A

d. *Optional 45-|b 13" diagonal | 15" rack height in 19” panel | 1.3A 120VAC, 60Hz | N/A

color monitor
(needs rack tray).
4-1b printer w/
charger

2. Fourteen-Channel Ames Airborne Tracking Sunphotometer (AATS-14):

Part Weight Size Power Type of External
(19" pand or other) Required Power Sensor
(watts, (V,H2) L ocation
amps)

a Telescopeheadw | 131.6 Ib. (Includes | Outside A/C: 8" OD dome 5.5A 28VvDC Top of cabin,
electronics/data 121-lb head w/elec., (hemisphere) atop 5" H 154 W peak nose, wing,
system cylinder 3.5-Ib isolator, pedestal. (Total H: 9" or or or pod.

1-Ib reinforc. ring, above A/C skin) 9" D port (See
0.4-1b torque link, Inside A/C: 12" D x 18" H 42A @ écz)%ch ith note.)
0.7-1b mount bolts, cylinder. 500 W peak ad;i' r alzsvg Ib
5-1b cable bundle. (+ laptop computer for ron | )
checkout and test flights) power Supply.

b. Operator station 6-1b laptop & cable, | Laptop computer. Optional ~0.8A 120V,60Hz [ N/A
(Iaptop computer) | 15-1b tray w/slides. | tray mountsin 19" rack. 92 Watts

c. N, gashottle 301b 7.5" Diax 21" H N/A N/A N/A

Note:
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Telescope dome needs to be mounted as far as possible from viewing obstructions such as A/C tail and antennas.
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