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Global frequency distribution of Smoke in the presence of Clouds*
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West coast of California: Ship tracks, a small scale aerosol cloud interaction
South America: Convective “fumulus” clouds, diurnal cycle plays important role

Southern Africa: Distinct, decoupled aerosol-cloud layers over west coast
Southeast Asia: Upwind smoke and downwind coupled-aerosol-cloud system

*Tsay, Hsu, Lau, et al., 2013, Atmos. Environ., 78, 20-34.
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ATMOSPHERIC ENVIRONMENT

Over northern Southeast Asia, the 7-SEAS is aimed to study the evolution of ENVIRONMENT
Special Issue:Observation, modeling and impact studies

atmospheric composition of springtime biomass-burnng aerosols and complex
of biomass burning and pollution in the SE Asian Environment

aerosol-cloud interactions.
7-SEAS /2010 Dongsha Experiment

Doi Angkhang, Thailand (A 1.6km)
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SIA, 7-SEAS/Dongsha Experiment and collaborative networks
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Delegates of 7-SEAS participating countries visited the Dongsha supersite on 18 June 2010.

7-SEAS (2013) special issue, Atmospheric Environment (28/37>75%)
7-SEAS (2017) special issue, Aerosol & Air Quality Res. (27/46>58%)
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7-SEAS/BASELINE: a baseline Strategy™
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*Tsay, Maring, Lin, et al., 2017, Aerosol &
Tsay, Deputy Alr Quallty ResearCh’ IN FEVIEW. September 21, 2016 ;

P EOS/Terra Project Scientist NASA/GSFC Tk




urface-based obile tmospheric
esearch & estbed oratorie
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Terra/MODIS Product G http://smartlabs.gsfc.nasa.gov/

Small Operations (2'—'§"'d'pé"rétors/scientists), yet Cost-Effective: over
10 countries on 3 continents for aerosol-cloud-radiation studies

Achievements: >80 SMARTLabs publications since 2000 & many In
process for the spring 2010-2015 7-SEAS deployments

Future Missions: Cal/Val for S-NPP, GPM, ..., and EV deployments




 Better understanding of excess solar absorption
« Spectral Derivatives: partitioning subvisual cirrus & aerosols
» Lagrange-/DRAGON-like network deployment with AERONET

e-Pandora Spectrometer (280-800 nm)
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* TDE-corrected
solar irradiance

e Terrestrial
irradiance

* Tsay, et al., 2016:

! %’?‘\ _..\\.\
Applying Ideal Gas Law:

« Ji and Tsay, 2010: A novel non-intrusive
method to resolve the thermal-dome-
effect of pyranometers: Instrumentation
and observational basis, JGR., 115, book21.

« Ji, Tsay, et al., 2011: Radiometric cali-
bration and implication, JGR., 116, D24105.

From the lab to field
measurements, to be submitted.

» Hansell, Tsay, et al., 2014, Spectral derivative analysis of solar
spectroradiometric measurements: Theoretical basis, JGR, 119, 8908-8924.
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Aerosol (& Precursor) » CCN |

Hygroscopicity/Growth Factor*”

Host >25
Instruments

Trace gas (CO, CO,, SO,, NO,/NO,, and O,) concentrations;
PM,, PM,;, PM,,mass concentration;

+ 3)-light (RGB) extinction; 3A- & 7A-light absorption;

&= « 3)-light scattering, in series operation for dry/wet conditions;
« Ambient size distribution (TSI/FMPS and TSI/APS);

» Wet/dry size distribution, in parallel operation (TSI/SMPS);
» Aerosol activation (DMT/CCN counter).

*Hsiao, Tsay, et al., 2016, Aero. Air Qual. Res., doi:10.4209/aaqr.2015.07.0447.
Pantina, Tsay, et al., 2016, Aero. Air Qual. Res., doi:10.4209/aaqr.2015.011.0630.



Calibration tower W-band 94 GHz
~ comer-cube BT PN pulsed radar
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Products = « Cloud Optlcs/Radlatlon zenith downwelllng radiance (UV—uwave) linear depolarlzatlon reflectivity proflle

+ Cloud Microphysics: thermodynamic phase, water content, cloud-base/top/height, cloud fraction, Doppler fall-
velocity, ice/liquid particle size (non-precipitation)



-SEAS/BASELINE Data Products

Trace Gas — Column: O3, NO,, SO,, HCHO, CO, H,0; Organic Carbon (OC): OC, (120°C), OC, (280°C),
— Surface: CO, CO,, O;, SO,, NO, NOX/NOy; 0OC; (480°C), OC, (580°C), OP (pyrolyzed organic

— Profile: NO,, (O3 in progress) carbon, e.g., anhydrosugars, dicarboxylic acids)
Aerosol Optical Thickness: multi-spectral from UV to  Elemental Carbon (EC): EC, (580°C — OP), EC,
shortwave-IR, dust at longwave-IR, and extinction (740°C), EC, (840°C)
profile
Aerosol Microphysics/Chemistry: size, mass, type, Water soluble ions: Na*, NH,*, K*, Mg?*, Ca?*, CI-

CCN, hygroscopicity, scattering/absorption/extinction , NO;,, SO,%, nss-SO,%, NOZ, F

Cloud Optical Thickness: multi-spectral from visible to  Toxic: Mercury, PCDD/Fs (dioxin)
longwave-IR

Cloud Microphysics: size, liquid-/ice-water content, Metal: Ti, Mn, Co, Ni, Cu, Zn, Mo, Ag, Cd, Sn, Sh,
cloud-base/top/height, thermodynamic phase, Doppler  TI, Pb, V, Cr, As, Y, Se, Zr, Nb, Ge, Rb, Cs, Ga, La,
fall-velocity, depolarization and reflectivity profiles Ce, Pr, Nd, Sm, Eu, Gd

Radiation Flux: surface solar and terrestrial irradiance UV radiation: spectral UV (erythemal) irradiance

Meteorology: P, T, RH, wind, mixed-layer height, Supplementary data: sounding profile, sky image,
precipitation, visibility particle spectroscopy/morphology, rainfall amount

...(aeronet) ...(mplnet)... T
http://smartlabs.gsfc.nasa.gov nhlin@cc.ncu.edu.tw
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7 April 2013: Yen Bal Vietnam* "y
Encroachment of stratocumulus deck
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Interaction & Lifecycle Simulations

NASA Unified Weather Research & —

Forecasting (NU WRF) model
G ’r‘r‘I-%@GxiZGO 0k (A AG1=30.k g

¥

i ';.&16’” 700020 ki
. AG =10 km

. oddaf ,Cumlﬁlus"ﬁ‘nse g

. Cuangdon&
‘ ca’
rdsolving mogde! s, P ngxong

3 @ I,
.‘ (! «;.“ | L
Myanmar (Burma) : & i
\

Dﬁl‘-l : o.,_

uan%n

B
Naypyltaw A0S g8 ' . k (y__
. 20 x 120,x 20 km{AG3=3 km)
1, )
v, \ \‘ Nﬁ;ﬁ\mne P
@ o e R - " South‘:"Ch“lna Sed

; ‘Culf of M\rnbm R E . &
e 4 Thailand

¥
5 e

et

W 7 . -
@ ey 3 - ¢SBangkok
. P x L _' § “"\‘

 RAMS bulk aerosol module: aerosol hygroscopicity as function of species-dependent
soluble fraction parameter (&), analogous to the x-parameter

» 3M-bulk microphysics scheme: hydrometeor size distribution as function of mass mixing
ratio (q), total number concentration (N,), and distribution spectral width parameter (v)



Drone Measurements: Atmospheric (& Aerosol) Profiling

T & RH profiles
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_ Specifications 20 22 24 26 28 30 32 34 36 38 30 40 50 60 70 S 9% 100
RH (%)

Temperature (° C)
Max. Payload 4 kg
Max. altitude 1200 m
Measured Pressure, Temperature, RH,

parameters Radiation flux, PM conc. B = E— 3



Aerosol Counting Composition Extinction and Sizing System
ACCESS (BRECHTEL 9400)

ACCESS includes:

* Mixing-based Condensation Particle Counter
* 3-wavelength absorption photometer




Brief Summary

—A synergy of satellite, aircraft, and ground-based
network (snapshots at spectral, spatial, temporal,
and angular dimensions) measurenants, Qgether
with physics-based modelng ( cnInuity)

will greatly advance our g of
Interactions bet ayers of aerosol
and clouma Ipitation.

—In i ry and international collaborations
are ntial for quantifying fresh water
redistribution, one of the greatest problems in the
215t century (e.g., NASA strategic plan, 2012).




