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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 
• …



Large uncertainty in aerosol vertical profile
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Our 15-year journey of passive sensing of aerosol layer height 

2008, High-spectral resolution simulation of polarization of skylight: sensitivity 
to aerosol vertical profile, GRL, Zeng, Wang, & Han. 

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.

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.

2017, Passive remote sensing of altitude and optical depth of 
dust plumes using the oxygen A and B bands: First results from 
EPIC/DSCOVR at Lagrange-1 point, GRL, Xu, 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

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

2021 

Passive remote sensing of 
aerosol height, in Remote 
Sensing of Aerosols, Clouds, 
and Precipitation, Xu, Wang, 
et al. in Remote Sensing of 
Aerosols, Clouds, and 
Precipitation

2023First 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.

supported by 
ONR, NASA, 
and NOAA



At O2 absorption band:

Aerosol plume

I1, DOLP1
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Advantages of O2 B band vs. A Band & O2-O2 band

O2-O2 477 nm

O2 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.

Blue band
Xu, Wang, et al., 2019, AMT



EPIC/DSCOVR
DSCOVR

• Launched, 11 Feb. 2015.
• 1st image,  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 O2 A band pair and O2 B band pair to 
retrieve ALH over both land and ocean

• Blue + O2 B band pair are most suitable for 
ALH retrieve over land



Retrieval of diurnal variation of plume height and AOD 
from EPIC’s O2 A and B bands

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

• ALH shows no 
relationship with 
AOD

• ALH varies 1 – 5 km.
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AOCH varies from 1 – 5 km

Resonates with vertical velocity 
field well

• Upward motion, high ALH 
up to 5 km

• Downward motion, low 
ALH down to 1-2 km



Validation with MODIS and CALIOP data

Figure 4. Validation of EPIC retrieved aerosol layer height (ALH, black curve) with CALIOP 
profile of 532-nm extinction coefficient. Panel a and b are for CALIPSO overpass on April 17 
and 18, respectively. The corresponding sub-orbital tracks are indicated in Figure 3b. Cloud 
layers are indicated by gray color. The red curve depicts CALIOP extinction weighted ALH 
calculated by Eq. (XXX). 
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b

EPIC: 2016-04-18 14:41 UTC
CALIPSO: 2014-04-18 15:02 UTC

EPIC: 2016-04-18 14:59 UTC
CALIPSO: 2014-04-17 14:18 UTC

N:	397
Bias:	0.09	km

RMSE:	0.45	km
R:	0.85

Figure 5. (a) Scatterplot of EPIC retrieved 680 nm AOD versus MODIS C6 680 nm AOD, 
both aggregated into a 0.5° spatial resolution. So, each scatter indicates an AOD pair over a 
0.5°x0.5° grid. Color of scatter indicates the frequency of scatters falling within 0.025 AOD 
intervals. Also shown are one-by-one line (solid) and 0.1±10% (dashed) envelop.  (b) 
Scatterplot of EPIC retrieved aerosol layer height (ALH) versus CALIOP extinction weighted 
ALH, sampled from Figure 4 for cloud-free conditions. Also included are one-by-one line 
(solid), ±0.5km (dashed) and ±1.0km (dotted) envelops. Annotated in each panel are number 
of scatters (N), Bias, root mean squared error (RMSE), and Pearson correlation coefficient 
(R). 
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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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• 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 
synergy for the climate modeling studies. 



• https://asdc.larc.nasa.gov/
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. 

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
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• 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 

Chen, Wang, et al., 2021, RSE

(a) (b) (c)



More demonstration

2019-07-09 Smoke in Alaska(a) (b) (c) (d)

2018-08-10 Smoke in Canada and US

2019-07-28 Smoke in Siberia

(e) (f) (g)
(h)

(i) (j) (k) (l)

(m) (n) (o)
(p)

2018-11-10 US Camp Fire smoke

(q) (r) (s)

(t)

2020-09-09 Smoke in Western US

2020-06-18 Dust in North Atlantic Ocean(u) (v) (w)

(x)

VIIRS This study KNMI CALIOP

Chen et al., 2021, RSE.



Air Quality Reflection: Wednesday August 16, 2023
500 hPa Contours Surface Weather AirNow AQIPrecipitation

GEOS-FP GEOS-CF NAAPS Ensemble

? ?? ?

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

http://fireaq.uiowa.edu/


GPM, 16 August 2023

NASA WorldView



Observations http://fireaq.uiowa.edu for weekly briefing of FireAQ this summer 
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Utility of AOCH 

Uiowa Algorithm 



AQ Applications http://fireaq.uiowa.edu for weekly briefing of FireAQ this summer 
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Retrieval algorithm comparison
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CALIOP, Aerosol Extinction Weighted 
Height :

EPIC & TROPOMI, Aerosol 
Optical Central Height (AOCH)

𝐴𝑂𝐶𝐻!"#$%& =
∑'()* 𝛽+,-,'∆𝑍'𝑍'
∑'()* 𝛽+,-,'∆𝑍'

𝑍!: altitude, ∆𝑍!:layer of thickness of vertical layer 
i,
𝛽"#$,!: extinction coefficient (km -1) at vertical level i

𝐻 same as in the definition in the 
algorithm

𝛽&'()	: extinction coefficient of peak 
height

GEMS, Aerosol Effective Height 
(AEH) V2.0

∫/
"01𝛽(𝑧)𝑑𝑧

∫/
2%"𝛽(𝑧)𝑑𝑧

= 1 − 𝑒3)

𝛽&*)	: extinction coefficient of the e-
folding height

Quasi-Gaussian distribution

𝛽(𝑧) =
)exp( − 𝜎! 𝑧 −H

1+ exp( − 𝜎!|𝑧 − H|) "
𝜂: half width (1 km), 𝜎 = ln(3 + 8)/𝜂

ALH retrieval 
algorithms

Used 
channels 

(nm)
Aerosol model Aerosol type Retrieved 

parameters
Spatial 

resolution Profile assumption

GEMS-AEH 477 (O2-O2)
Fixed aerosol model for 

three aerosol types (same 
with GEMS AOD retrieval)

Dust, smoke, 
non-absorbing

• AOD @ 354nm, 443 
nm, 500 nm (from 

AERAOD)
• Aerosol effective height

3.5 × 8 km
[ (1-exp-1) ×𝜏 ] on Quasi-

Gaussian distribution with
1 km half-width

EPIC-AOCH
688/680 (O2 B)
764/780 (O2 A)

AOD-dependent smoke 
model (dust) from 

AERONET climatology

Dust, smoke 
(UVAI > 1.5 or 1)

• AOD @ 680 nm
• Aerosol optical central 

height

30 × 30 km Peak height on Quasi-
Gaussian distribution with

1 km half-width
TROPOMI-

AOCH O2AB 0.05° × 0.05°
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Comparisons of height definition

§ 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.



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. 

Iowa 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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