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Problem T Several factors complicate
satellite retrievals of surface air quality

Satellite retrievals of neassurface air quality information (e.g. PhL) typically use
column-integrated quantities (i.e. Aerosol Optical Thicknes®\OT)obtained by

passiveremote Sensors

From space,

the size of thb
measurement
pixel matters,

(as does grid

| PBL depth
.. Influenees
/ the depth
o OVer which

size for models z aerosols are
u mlxed

It also matters how well the pollution is mixed.

Relative humidity & surface albedo have impactss (.(qul("

What do we use for the height
of the aerosols? Mixed Layer
(ML) height?

Can we assume that near
surface aerosol extinction is
about the same as the mean
aerosol extinction in the ML?

How well is nearsurface
extinction related to surface
PM, :?

How well can column AOT be
used to infer nearsurface
aerosol extinction and PM:?



7 NASA DISCOVER) Mission
D{SCOVER A Addressed Air Quality Issues

Deriving Information on Surface Conditions fronCdumn
and VERically Resolved Observations Relevant gar Quality

A NASA Earth Venture campaign intended to improve the interpretation of current and
future satellite observations to diagnose neaurface conditions relating to air quality

Objectives:
1. Relate column observations to surface conditiofoy
aerosols and key trace gases,MIO,, and CHO

2. Characterize differences in diurnal variaticof
surface and column observations for key trace gases
and aerosols

3. Examine horizontal scales of variabiligffecting
satellites and model calculations
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Deployments and key collaborators

Maryland, July 2011 (EPA, MDEMD,UMBC, Howard U.)
California, January 2013 (EPA, CABBDavis&lrving
Texas, September 2013 (EPA, TCEQ, U. of Houston)
Colorado, Summer 2014 (EPA, NSF, NOAA, CDPHE)




oecover-aqm  Airborne HSRL AerosMeasurements m{"__*_

A HSRL1 deployed for DAQ (DGBaltimore)

A\ HSRI2 developed as a prototype of
multiwavelengthlidar for NASA Aerosdllouds
Ecosystem (ACE) mission

A HSRI2 capability at 355, 532 nm

A NASA/LaRC King Air At NPOARES2a&adzA S 2F YSI a
A Flight altitude ~ 9 km aerosol microphysical retrievals

A Nadir pointing lidar A HSRE2 used for final three DISCOVER

HSRL Technique: deployments (California, Houston, Denver)

A Independently measures aerosol
backscatter, extinction, and optical
thickness

HSRI(-2) Aerosol Data Products:

_ . 2 =
A Bagkscatter coefficienB65, 532,1064 SENE / /
nm

A Depolarization §55,532,1064nm)

A Extinction Coefficient365532nm) P Af I
A Optical Depth (AODB$5,532nm) =

A Aerosol Typing

A Mixed Layer (MLMeights
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Mixed Layer Heights and
Median Aerosol Profiles



HSRL Mixed Layer Heights

Mixed Layer (ML) heights
derived from daytime-only

HSAL-1/DAQUC-12 Time(UT) 21-Juk2011 HSRL2DAQ/B200 Time (U1) 21-Jan-2013
25 2 A8 28

cloud-screened aerosol X i
backscatter profiles § % §
ML heights are good proxy for 51 Ty s
daytime PBL heights 3
Technique uses a Haar wavelet A \ w“
covariance transform with L Ll Il —~ ST
multiple wavelet dilations to ue m: :w :w 0n s g :::; :ﬂ; :5:016 ::; :M ::; i
identify sharp gradients in Hsm;:;uc.u b s's‘nme(m)“’ w ’tm o R,
aerosol backscatter (adapted W 6B B w Woow B ms a1
from Brooks, JAOT, 2003) |
Automated HSRL algorithm e et
chooses ML from among aerosol H
gradients with input from
manual inspection where N Il i ik
necessary i mn ,1
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HSRL measurements show much of AO TR

NA
D[SCOVER-AQ] : : VA SA
often above the daytime mixed layer Y
DISCOVER-AQ Median AOT (532 nm) Profiles and ML Heights DAQ Aerosol Extinction 532 nm all cases
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A AOT profiles and ML heights computed for four DISCOMERMissions
A DGBaltimore had largest median column AOT values
A Median AOT values in the later three campaign were comparable

A With exception of San Joaquin Valley, median profiles show that about only about 20
65% of AOT was within mixed layer; much of AOT was above mixed layer

A In San Joaquin Valley, most (>80%) of AOT was within mixed layer
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HSRL Measurements and Surface RM



Near surface aerosol extinction better
correlated with surface PN:

D[SCOVER-AQES

Aln certain locations andtases, surface PM can be inferred from
measurements of AOT and height of the aerosol layer

AHowever, HSRL data show BMs much bettercorrelated with near
surface extinction than AOT scaled by aerosol lageML heights
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HSRI2 Multiwavelength Aerosol
Retrievals and Surface P



HSRI2 Multiwavelength
oL Aerosol Retrievals

A HSRE2 multiwavelength
measurements of aerosol backscattel
and extinction were used to retrieve
fine mode aerosol volume
concentration and effective radius
(e.g. Mller et al., 2014)

- A Sawamura et al(ACPD, 201)&shows
.. the retrievals compare reasonably
well with P-3 airborne in situ data
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HSRI2 Retrievals of PM: Over
OEeiTER-108 Central California (Jan. 31, 2013)

HSRI2 multiwavelengthretrievals of fine mode volume concentration were
used with assumed particldensity toderive PM, .
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HSRI2 Multiwavelength Aerosol
Retrievals Used tdnvestigate Impacts
of Large RH Variability on Aerosol
Optical and Microphysical Properties



Large decrease fine mode particlesize due to
DCOVER-AES decreasan RH (Feb. 4, 2013)

A Large decrease in AOT and fine mode size over the
southern portion of DRAGON AERONET on Feb. 4
A This decrease occurred as fog processed and/or

humidified aerosols transitioned to dried aeroso ..
Tra.ﬂql‘uwlwlyD : 1‘“(";{ - Rt
- 50.8- [——AGT (500nm)] | (SRS O COW’: o
0.204 | —16:53 UT <06 AOT ] \ = ] o
1| — 18:13 UT . 047 'I\I-I—I--I.ﬁi . X ‘ ‘
o _1913 UT —=— Angstrom Exponent ' "’_'_'., ‘\, \ Bkersfie
E 2110 UT 5 (340-500 nm) " 3 (@)
S 0159 _ooq3uT //Kngstrom
£ ——23:13UT ——< ___Exponent
= ——23:32UT I, [——Eftective Radius || s
e . = 1. (Fine mode) 1 s i
£ 040 [——2355UT]) 026 Cin e | Afternoon
o | Porterville =021 Effective radius—~... et
> 1 Feb. 4, 2013 “46 17 18 19 20 21 22 23 24 S '*f\far"e’
° I P Time (UT) Muron ~#7 Hanford
0.05__ $ ..:Corcorar‘«‘\ OPorte’V|‘i|§~&iv‘
3 ) \ )
] 7 __ ' \ \v;_;‘uhaft\e‘[ﬂ
0.00 et —at : : : e B‘ua\/‘kef:;f;‘?‘lé:(\?:]ker‘sﬁe'd

O~
EVATVINS S

0.1 1 o XA
Radius (um)



NASA/LaRC HSRLmultiwavelength aerosofetrievals showtemporal,
horizontal, and vertical variabilityn fine mode effective radius
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Large decreasa fine mode effective
radiusbetween morning and afternoon
as clouds and fog dissipated over the
southeastern Californi&Central Valley
on February 4, 2013

HSRI2 multiwavelength retrievals of
concentration and effective radius in
good agreement with coincident
airbornein situ measurements
(Sawamura et al., ACPD, 2016)
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DIAL/HSRL Comparisons with
GEOS During SEAC4RS



A NASA D@ N

A Flight altitude~0.2-12km e

A Nadirand zenith pointindidar 2o
HSRL Technique: 130W 120w
A Independently measures aerosol DIAL/HSRL

backscatter, extinction, and optical thickneiﬁ :
_ ypically deployed from NASABC
DIAL/HSRAEerosol Data Products: aircraft for long duration flights

A Backscattecoefficient(532,1064nm) Arirstozone DIAL

A Depolarization(532,1064nm A . .
< o . ong Heritage ~30 years of providing
A ExtinctionCoefficient(532nm) ozone and relative aerosol profiles.

2 (A)grtgcaﬁepti: (AOX532nm) AMeasurements from NASA SEAC4RS

A SO1Typing . mission in 2013 used here to evaluate

A Mixed Layer (MLjteights NASA GEGSand ECMWF/MAGC
models
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SEAC4RS Aug. 19, 2013 DIAL/HSRL Smoke fllg
Midwest
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DIAL/HSRL and GEG®edian Backscatter and
Extinction Profiles During SEAC4RS

GEOS shows slightly higher backscatter and extinction in free troposphere

SEACA4RS Aerosol Backscatter 532 nm all cases
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DIAL/HSRL and GEG®/1edian Intensive Paramete

Profiles During SEAC4RS

To Do o Do

Altitude (km AGL)

Both DIAL/HSRL and GERQiStensive parameters vary with altitude suggesting aerosol type varies v
altitude
Backscatter Angstrom exponent increasing with altitude suggests decreasing particle size with hei
GOES lidar ratio higher than DIAL/HSRL
DIAL/HSRL measured more nonspherical particles (i.e. dust) near the surface than represented-by
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DIAL/HSRComparisonsvith
ECMWF/MACAdI Model
During SEAC4RS



Evaluating the impact of highanodel
resolution
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A Model resolution
increased from
T255 (80 km) with
60 vertical levels tc
T1279 (16 km) witl
137 vertical levels

A Higher resolution
represents smoke
altitude better than
assimilating MODI
AQOT or using plum
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Evaluating the impact of highanodel
resolution

Altitude (m)

A Increasing number of vertical levels increased
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Evaluating the impacts of smoke injection heights
computed from plume rise model

8 DIAL/HSRL Measurements

O
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(e T o |

14

18
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0.05

0.1

Injection heights for smoke emissions are
estimated usindPlume Risdlodel (basedn
Freitas et al., 2007

This plume rise model uses MODIS FRP and
modelled atmospheric profiles with a shallow
convection scheme to represent detrainment
from fire plume

Initial comparisons show that both aerosol
extinction and AOT increase throughout the
profile, not necessarily at smoke height shown
in DIAL/HSRL profile

Rémy et al., ACPD, 2016
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Ongoing and Future Activities



Flightdemonstrations ofMulti-wavelength
HSRI2 on the NASA ER

' AND 2Ny S LINR U 2 U e-LIsudsEcdydtems (ACER A ! S|
Autonomous higkaltitude (20km) ER flights conductedn May2015 and
April 2016 fromArmstrong Flight Research CenteCalifornia

HSRi2 will deploy on the ER for the first ORACLES EX/&ployment and
flights for ACE and othgrograms

Measurements: Extinction*, Backscatter, Depolarization (355*,53@64nm)
Retrievals: ML height, Aerosol Type, Concentration, Size
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> >

Pacific Ocean

Aerosol Scattering Ratio (532nm) =
0.1 1 10 ) o
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High Spectral Resolution Lidar - ER2 Test Flights May 2015
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