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Scientific Motivation & Overall Approach 1. Satellite Validation

In PRIDE, SAFARI-2000, and ACE-Asia, the Ames Airborne Tracking Sunphotometers (AATS-6 and

Aerosols caused by biomass burning, desert dust storms, urban

pollution, and other processes form features recognizable from SAGEF!; i AATS-14) measured aerosol optical depth (AOD) spectra, coincident with satellite overpasses, for 0.7
space on regional to intercontinental scales. These aerosols comparison to retrievals by AVHRR, GMS-5, GOES-8 Imager, MISR, MODIS, SeaWiFS, TOMS, and !
can change the climate by perturbing energy exchange between ATSR-2. Example comparisons are shown at right. These and related comparisons have shown: 0.4
the sun, Earth, and space, as well as by redistributing energy K Ve ccions e 0.3
within the atmosphere. Two gas-phase constituents, water o\ Zhr-vall [ Y ® When dust is dominant (AOD > 0.2 in Frame A), MODIS-retrieved AOD spectra slope more steeply 0.2r
vapor and ozone, are also relevant to this IDS task, because LAY than AATS AOD spectra. The likely cause is dust nonsphericity, which causes the MODIS retrieval to 0157
they interact with aerosols both chemically and physically, and substitute more small mode aerosol for nonspherical large mode dust. An updated MODIS algorithm o O
they are themselves major players in Earth’s radiation budget. that adds nonspherical phase functions is being developed to address this. E%

All three types of constituents— aerosols, water vapor, and 5003
ozone— can be retrieved quantitatively from spaceborne ® MODIS-AATS comparisons in SAFARI-2000 (Frame B) helped confirm that the biomass smoke SSA =
measurements. However, retrieval accuracy is still being originally used in MODIS AQD retrievals (SSA ~0.9, based on SCAR-B) produced retrieved AOD < 2
determined, because it depends strongly on constituent type, w & | e e correlative AOD. Adopting a new SSA (~0.85) has now produced retrieved AODs (V4 MODIS in Frame §
measurement conditions, and spaceborne measurement - Smokeig >4 B) that agree with AATS, AERONET, and other AODs in regions with strong biomass burning such as in

technique. Zambia.

The three constituent types can also be measured by airborne
sunphotometry. Our IDS task has emphasized the use of
airborne sunphotometry as a unique link between space-based
retrievals and a diversity of suborbital measurements, including
in situ, vertically resolved measurements of aerosol physico-
chemical microproperties and radiative fluxes, as well as remote Exact match in
sensing by lidar and surface-based radiometers. layers sampled

® AATS-14 provided the first validation of MODIS-retrieved AODs at wavelengths 1.2 and 1.6 um over

M e N | i
@ s water. | {h |
% : 0.05 P P 0
N

IIIIIIIIIIi'/ ° | | | | |
ANEN K & o ® MISR-AATS comparisons in SAFARI-2000 (Frame C) showed that a model including small, spherical, ®3 04 0506 08 1 12 B3 04 0506 08 1 12
non-absorbing particles needed to be restored to the MISR retrieval. (It had been deleted early in the Wavelength [um]
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mission to reduce computer resource requirements.)
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_ _ _ by airborne - ® MISR-AATS comparisons in ACE-Asia confirmed that early MISR-derived AODs were skewed high for } | — A S S — I e aATS 290881007 |
S osogksed onlthels bo.xed subjects, using 3 Experiments:  (sunphotometer some low-light-level scenes. Subsequent experiments demonstrated that scattered light played a key o (B) . S —— A
e PRIDE (Puerto Rico Dust Experlment, June- _&m situ ¥ role in this phenomenon, and led to a revision of the MISR low-light-level calibration (that significantly A EE e S N T e vaMODIS. ]
July 2000) JUEL UGS C o affects MISR-derived AOD over dark water). Y E— — e, —__—_—
y . J s [ = s 1 1 | i i
e SAFARI-2000 (Southern African Regional - l'gntensclosure . g e
_ e - Key link ® An advanced SeaWiFS retrieval (4 wavelengths, 440 to 860 nm) produces AOD values over water R ——— — TN N S S S—
Science Initiative, August-September 2000) Satell. «— in situ that agree with airborne sunphotometer measurements to <~0.04, a considerable improvement over r

e ACE-Asia (Asian Pacific Regional Aerosol - Helps explain the standard 2-wavelength SeaWiFS algorithm (Frame D).

Characterization Experiment, March-May 2001) ~ discrepancies
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3. Aerosol Absorbing Fraction from 5. Regional Forcing Assessments by Summary and Conclusions
Radiative Flux and AOD Spectra Combining Satellite and Suborbital Results This EOS IDS task " ollite and suborbital
IS dSK compbines Ssatellite and suporpoi
_ " 0.30 - - -. - We use several approaches in this subtask. The one shown here combines monthly-average SeaWiFS-derived results to assess aerosol effects on radiation and
Downwemng Flux: FJ/ «S 0.25 Measurement (SSFR) Twin Otter RF07 i ] ) : _ _ _ _ .
2 0.20 Model (Bergstrom) 12 April 2001 AOD with vertical profiles of aerosol intensive properties averaged from 28 closure-study profiles flown in ACE- | t B t d d
- : . ; . . ; . oy . climate. ecause assessment accuracy depenas
Upwelling Flux: F 1 §015 Asia. These intensive properties yield the curves of forcing vs. AOD shown. Combining those curves with the . _ _
Net Flux: F|-F1 582,2 SeaWiFS AOD map vyields the forcing map shown. C”t'Ca”y on the qua“ty of mpm measurements, we
. . D e e—— ! ! — | | | devote considerable effort to testing and improving
Flux Divergence (absorption): S 0.80F- = In a different approach (not shown), we use profiles of a model dust over a model pollution aerosol, each : :
Sogor ooe(Berastom - - - - - on | - both the satellite and the suborbital results. Also
(F- FNoooom = (FL-F 1) asm gO-GOE— E constrained by ACE-Asia measurements. We adjust the relative amounts of dust and pollution in each pixel to -
Fractional absorption: gﬁ;‘ﬁi WI\ E produce a model Angstrom exponent that matches the SeaWiFS-retrieved Angstrom exponent in that pixel. This emphasized are novel ways to derive critical aerosol
- O | , | - approach produces curves of forcing vs. AOD for different relative amounts of dust and pollution. The curves differ oy
C 1.00 : - ; i =
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enhancement (by evaporation, aerodynamics, etc.)

International comparisons of chemical-transport models (CTMs) show June 28, 2000 1M0E  1200E  130°E 140E  150E __ 160°E

that aerosol vertical distributions often differ markedly from model to AOD  __ AATS AOD Profile

modell. Hence, the vertical profiles of AOD and extinction mgasured by E Drecipiating part of clouds B ] T T R R SRR o Combining flux and AOD spectra yie|ds SSA
our airborne sunphotometers (AATS-6 and -14) can provide a key = 100% '

performance test for such CTMs. We have participated in such tests of 3 l--- o z2 ol N\ Esae. | . spectra from ~350 to 1600 nm that are based on
the models GOCART, CARMAMATCEL SHCis < 2 | o | w | L within-atmosphere solar absorption measurements
The figure shows examples of such comparisons between Sahara dust o 02 04 o8 e = T | - - R and are free of any aerosol-sampling artifacts.

AOD profiles simulated by CARMA/MATCH and AOD profiles - S .l T N o o | 1 e

measured by AATS-6 in PRIDE. Both days, June 28 and July 5, 2000, ij)st’ o0 v | ; | ® Monthl e | et
are cases of low-level transport of Saharan dust to the Caribbean. The ~ — ¢ | —— AATS AOD Profile e 50_%1“26050'\] ,,,,,,,,,,,,,,,,,,,, NG — 30 N [ cilly elveEge, EgloRiEe wEiv (el
June 28 case shows poor agreement between measured and modeled = prcitaing par o clouce : T Surface, 37.5N | ‘ forcing at the surface in ACE-Asia exceeded -30 W
AOD. The July 5 case shows good agreement below 1 km for model- 3 100% S ol — suface ssN D . .

assumed scavenging of 10% in the precipitating part of clouds. Above £ o ~ 60 TSA, 55N m=1in a plume downwind of Japan and in the Sea of

that height, model calculations with more than 10% scavenging - L 20 | | L \ Japan and Yellow Sea. Top-of-Atmosphere (TOA)
produce better agreement with AATS AOD. 00 01 02 03 04 05 o 0 0.2 0.4 0.6 0.8 1 65 50 45 40 35 30 25 20 A5 40 5 0 nodata forcing was about 47% of surface forcing.
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