Advances in passive remote sensing of aerosol vertical profile

Jun Wang
College of Engineering
University of lowa

L

THE m

UNIVERSITY
OF lowA

ICAP meeting
Nov. 2023



Importance of aerosol vertical distribution

Monitoring surface air quality from space
Aerosol direct and indirect effects on climate

Aerosol effects on atmospheric chemistry & gas retrievals &
aerosol retrievals (especially at UV bands)

Long-range transport and biosphere-atmosphere interactions
Air quality & climate forecast
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Our 15-year journey of passive sensing of aerosol layer height

First Mapping of Monthly and Diurnal Climatology of
Saharan Dust Layer Height Over the Atlantic Ocean From
EPIC/DSCOVR in Deep Space, GRL., Lu Wang et al.

Hourly Mapping of the Layer Height of Thick Smoke
Plumes Over the Western U.S. in 2020 Severe Fire
Season, FRS Lu, Wang, et al.,

Can multi-angular polarimetric measurements in
the oxygen-A and B bands improve the retrieval

of aerosol vertical distribution? JQSRT, Chen,
2017, Passive remote sensing of altitude and optical depth of

Wang, et al.

Passive remote sensing of /

aerosol height, in Remote dust plumes using the oxygen A and B bands: First results from
Sensing of Aerosols, Clouds, EPIC/DSCOVR at Lagrange-1 point, GRL, Xu, Wang, et al.,

and Precipitation, Xu, Wang,
et al. in Remote Sensing o
Aerosols, Clouds, and
Precipitation

First retrieval of absorbing aerosol
height over dark target using TROPOMI
oxygen B band, RSE, Chen, Wang et

al.

2019, Detecting layer height of smoke aerosols
over vegetated land and water surfaces via
oxygen absorption bands: Hourly results from
EPIC/DSCOVR satellite in deep space

2016, Polarimetric remote sensing in O2 A and B bands:
Sensitivity study and information content analysis for vertical
profile of aerosols, AMT, Ding, Wang et al.

2014, A numerical testbed for remote sensing of aerosols, and its
demonstration for evaluating retrieval synergy from a geostationary satellite

constellation of GEO-CAPE and GOES-R, JQSRT, Wang et al. supported by
2008, High-spectral resolution simulation of polarization of skylight: sensitivity ONR, NASA,
and NOAA

to aerosol vertical profile, GRL, Zeng, Wang, & Han.
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Reflectance

Advantages of O2 B band vs. A Band & 0,-O, band
Xu, Wang, et al., 2019, AMT
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02 B-band has moderate absorption, stronger than O2-O2 at 477 nm and weaker than O2 A. O2 B-
band also has very low surface reflectance, comparable if not lower than blue bands, due to
Chlorophyll-a absorption.



EPIC/DSCOVR

Launched, 11 Feb. 2015.

1stimage, 15 June 2015.

Parked at L1 point: 1.5 million kilometers from
Earth, enabling 24/7 observation of sunlit portion of
Earth’s surface every hour.

18-24 km/pixel, every hour

It has 10 channels

« 4 UV: 371, 325, 340, and 388 nm

* 6 Vis: 443, 551, 680, 688, 764, and 780 nm

Use O, A band pair and O, B band pair to
retrieve ALH over both land and ocean

Blue + O, B band pair are most suitable for
ALH retrieve over land



Retrieval of diurnal variation of plume height and AOD

2016-04-17 11:23 UTC

from EPIC’s O, A and B bands

2016-04- 17 14: 59 UTC

EPIC Retrieved AOD at 680 nm

2016-04-18 11:05 UTC

2016-04-18 14:41 UTC

s, _ e
3 e e

el

>

o

1.0
08
0.6

04
0.2

* AOD field clearly
indicates mass
continuity; high close
to the source, and
low in downwind.

* ALH shows no
relationship with
AOD

50km « ALH varies 1 — 5 km.
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Evaluation of AOCH
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Validation with MODIS and CALIOP data
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AOD is in good
agreement with
MODIS; nearly no
bias.

Retried AOCH has a
bias of 0.1 km. RMSE
of 0.45 km.

Xu et al., 2018
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Key Points:

Hourly and monthly climatology of
Saharan dust layer height distribution
over the ocean is first mapped

from passive remote sensing (Earth
Polychromatic Imaging Camera)

The climatology agrees with that from
spaceborne lidars and attests to the
deficiency in model reanalysis of dust
height diurnal change

A combination of active and

passive sensing techniques to study
process for time-varying 3D aerosol
distribution climatology
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First Mapping of Monthly and Diurnal Climatology of
Saharan Dust Layer Height Over the Atlantic Ocean From
EPIC/DSCOVR in Deep Space

Zhendong Lu!
Kenneth E. Christian’¢
Peng Xian’

, Xi Chen?, Jing Zeng?, Yi Wang??, Xiaoguang Xu?,
, Edward P. Nowottnick® ~, Jeffrey S. Reid’

, Jun Wang!?

, John E. Yorks® ,and

Interdisciplinary Graduate Program in Informatics, The University of Iowa, Iowa City, IA, USA, Department of Chemical
and Biochemical Engineering, Center for Global and Regional Environmental Research and Iowa Technology Institute, The
University of Iowa, lowa City, IA, USA, *Now at Hubei Key Laboratory of Regional Ecology and Environmental Change,
School of Geography and Information Engineering, China University of Geosciences, Wuhan, China, ‘GESTAR-II and
Department of Physics, University of Maryland Baltimore County, Baltimore, MD, USA, SNASA Goddard Space Flight
Center, Greenbelt, MD, USA, ®Earth System Science Interdisciplinary Center, University of Maryland, College Park, MD,
USA, "U.S. Naval Research Laboratory, Monterey, CA, USA
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- The EPIC-retrieved dust layer heights
agree well with spaceborne lidar data.

 This study is among the first to
demonstrate the strong synergy between
the passive sensing featuring large spatial
coverage and active sensing with detailed
profiling for characterizing the diurnal
variation of aerosol vertical distribution and
processes as well as the need of such

6 7 8 9 10 1 12 13 14 15 16 synergy for the climate modeling studies.
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https://asdc.larc.nasa.qgov/
project/ DSCOVR/DSCOVR
EPIC L2 AOCH 01

Level-2 data product:

DSCOVR_EPIC_AOCH_01
data production in
ASDC/LaRC.

Thanks to Marshall Sutton
and EPIC project team in
GSFC to make the RTO
happen.

i https://asdc.larc.nasa.gov/project/DSCOVR/DSCOVR_EPIC_L2_AOCH_01
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/ DSCOVR_EPIC_L2_AOCH_01

DSCOVR  LEVEL2
ENTRYTITLE: DSCOVR EPIC Aerosol Optical Centroid Height

ENTRYID: DSCOVR_EPIC_L2_AOCH_01

AEROSOLS  RADIATION BUDGET

Description

DSCOVR_EPIC_L2_AOCH_01 is the aerosol optical centroid height (AOCH) product for global smoke and dust aerosols
retrieved from oxygen A-band (764 nm) and B-band (688 nm) measured by Earth Polychromatic Imaging Camera (EPIC)
onboard the Deep Space Climate Observatory (DSCOVR) satellite. The ultraviolet aerosol index (UVAI) is also retrieved using
EPIC 340 and 388 nm channels. The retrieval algorithm assumes a quasi-Gaussian aerosol vertical profile shape and retrieves
aerosol optical depth (AOD) and the height at which the aerosol extinction peaks (e.g., AOCH). Cloud mask is conducted
through the spatial variability tests at 443 and 551 nm and the brightness tests with the prescribed threshold of TOA
reflectance at 443 and 680 nm for land and 443, 680, and 780 nm over water. The water pixels with a sun glint angle smaller
than 30 are screened out. AOD is then retrieved from EPIC atmospheric window channel 443 nm, and the AOCH is derived
subsequently based on the ratios of oxygen A and B bands to their corresponding neighboring continuum bands (764/780 nm
and 688/680 nm). The surface reflectance for water surface comes from the GOME-2 Lambert-equivalent reflectivity (LER)
product. A 10-year climatology of Lambertian surface reflectance from MODIS BRDF/Albedo product (MCD43) is applied for
retrievals over the land surface. The global aerosol types are classified based on their sources at different regions, and their
corresponding aerosol single scattering properties are defined based on AERONET climatology for each region. The retrieval
algorithm is based on the lookup table constructed by the Unified and Linearized Vector Radiative Transfer Model (UNL-
VRTM).

& Dol

10.5067/EPIC/DSCOVR/L2_AOCH.001

Citation Styles for this Dataset



https://asdc.larc.nasa.gov/project/DSCOVR/DSCOVR_EPIC_L2_AOCH_01
https://asdc.larc.nasa.gov/project/DSCOVR/DSCOVR_EPIC_L2_AOCH_01
https://asdc.larc.nasa.gov/project/DSCOVR/DSCOVR_EPIC_L2_AOCH_01

New Development/Results with primary use
of TROPOMI O2 B-band

Deriving Aerosol Optical Centroid Height (AOCH) and AOD by primarily using 420, 680, and 688 nm
Surface reflectance from MODIS climatology and ASTER/USGS spectral reflectance library

Aerosol optical properties derived from AERONET climatology (varying with region)
Quasi-Gaussian distribution for the shape of aerosol vertical extinction profile

Compared with CALIOP data for many many cases
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Chen, Wang, et al., 2021, RSE 14
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More demonstration

This study KNMI
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CALIOP

] AOCH-0,AB (7/9 21:23) &
—— ALH-0A ( 1:23) §

Altitude (km)

0
Lat (°N) 61.5
Lon (°E)-155.6

63.3
-156.9

64.2
-157.7

65.1
-158.5

62.4
-156.2

14

AOCH-0,AB (8/10 18:43)

12 —+— ALH-O,A (8/10 18:43)

10

Altitude (km)
N A O ®

0
Lat (°N) 46.0
Lon (°E) -92.2

14 AOCH-0,AB (7/28 03:30) i 2t 5
12 Il —— ALH-0,A (7/28 03:30)  [i&

10

Altitude (km)
N A~ O ©

0
Lat (°N) 59.5

lan°EV123K



Models http://fireaq.uiowa.edu for weekly briefing of FireAQ this summer

Air Quality Reflection: Wednesday August 16, 2023

AirNow AQI
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http://fireaq.uiowa.edu/

GPM, 16 August 2023
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NASA WorldView



Observations http:/fireaqg.uiowa.edu for weekly briefing of FireAQ this summer

ke Bay =
N ‘mm MCE
Labrador
g Sea

0.80 —0.82
0.82-084
0.84 -0.86
0.86 —0.88
0.88 —0.90
0.90 -0.92
092 -0.94
0.94 -0.96
0.96 —0.98
0.98 —1.00

Sta

of Ame

A ST‘TES ®

f ICisco

R F

o'
Anaglss

o

[ ]

o B
® e
[¢]
oMcC'ey Wi

Mexica

BN
.hu‘ )



http://fireaq.uiowa.edu/

Air Quality Reflection: Wednesday August 16, 2023

Surface Weather Precipitation » AirNow AQJ

500-Millibar Height Contour at 7:00 A.M. E.S.T. Surface Weather Map at 7:00 AM. E.5.T

FILDA2 MCE



AQ Applications http:/fireaq.uiowa.edu for weekly briefing of FireAQ this summer
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http://fireaq.uiowa.edu/
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EPIC AOCH: 2023-08-16 21:01 UTC EPIC AOCH: 2023-08-16 19:56 UTC
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EPIC AOCH [km]



Retrieval algorithm comparison

LA chl:\?\‘lls Aerosol model Aerosol type FEHRIET Spatial Profile assumption
algorithms (nm) yp parameters resolution P

+ AOD @ 354nm, 443

Fixed aerosol model for [ (1-exp™) xt ] on Quasi-

GEMS-AEH 477 (02-02) three aerosol types (same n%fgbssrgfbkiﬁé nm. ASI(E)gng(;rom 3.5 x 8km Gaussian distribution with
with GEMS AOD retrieval) . . 1 km half-width
« Aerosol effective height
EPIC-AOCH 688/680 (O, B)  AOD-dependent smoke Dust. smok + AOD @ 680 nm 30 x 30 km Peak height on Quasi-
TROPOMI- 764/780 EOE A; model (dust) from (UVXT >S1 500(:1) Aerosol optical central . . Gaussian distribution with
AOCH O,AB AERONET climatology ' height 0.05° x 0.05 1 km half-width

Quasi-Gaussian distribution
exp( — oylz — H|) n: half width (1 km), o = In(3 +/8) /7

Z) =
A2) [1+ exp(—oylz—H]]?
EPIC & TROPOMI, Aerosol GEMS, Aerosol Effective Height CA_LIOP, Aerosol Extinction Weighted
Optical Central Height (AOCH) (AEH) V2.0 Height :
AEH
Jy  B@dz Yt BextiAZiZ;

H same as in the definition in the OTOA— =1-e! AOCHcaL10p = lnl - .Aé.l

algorithm Jo  B(@)dz i1 Bext,iAZ;

Baocy : extinction coefficient of peak Bagy : extinction coefficient of the e- Z;: altitude, AZ;:layer of thickness of vertical layer

I,

height folding height Bext,i: €xtinction coefficient (km -') at vertical level /

= H—



Comparisons of height definition

6 (a) ALH at Quasi-Gaussian distribution 10 (b) ALH difference with CALIOP AOCH 10 (c) AEH vs EPIC AOCH
—— EPIC (TROPOMI) AOCH=1.5km —— EPIC AOCH - CALIOP
—— GEMS AEH=1.87km —— GEMS AEH - CALIOP
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8 8
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¥ ____l_____L. -
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1T AOCH = 1.5 km
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. A0 O - - -08 -06 -04 -02 00 02 0.4 0.6 0.8
Extinction coefficient (km~*) AEH (AOCH) - CALIOP AOCH (km) AEH - EPIC AOCH (km)

EPIC (TROPOMI) and CALIOP AOCH converge (are the same) for AOCH at ~ 4 km and above.

GEMS AEH show height dependent positive bias compared to CALIOP AOCH. This bias becomes
constant (0.3 km) for height beyond ~ 3 km.

For further analysis, we converted into same definition for apple-to-apple comparison.
24



Summary and outlook

Virtual constellation is on the rise to provide 3D description of aerosol pollutants,
with good hourly spatial converge, especially from passive sensors on geo.
platform.

The AOCH data from EPIC is now in production as part of EPIC/DSCOVR program

The AOCH data from TROPOMI is generated in house semi-operationally in U.
lowa over the areas from N. America to Sahara desert

http://esmc.uiowa.edu:3838/tropomi_aoch/

The AOCH data from TEMPO is planed for production...
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