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List of updates (work since last STM in Sept. 2019)

* NCCS discover operating system change from SLES11 to SLES12 (libraries
used 1n the cloud product algorithms: hdt4, hdfs, nc4, fortran and c++)

* Algorithm development and implementation:

-- cloud mask over ice and snow (paper published)

Zhou, Y., Y. Yang, M. Gao, P. Zhai, 2020: Cloud Detection over Snow and Ice with Oxygen A- and B-
band Observations from the Earth Polychromatic Imaging Camera (EPIC), Atmos. Meas. Tech.,
18, 1575—1591, https://doi.org/10.5194/amt-13-1575-2020.

— cloud mask over sun glint regions: implemented
* Thresholds tuning and improvements: cloud mask over snow-free land
* Surface type and pressure from GEOS FPIT near real time

e Other small fixes



EPIC Standard L2 Cloud Product System




EPIC Channels Used for Cloud Retrievals
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EPIC L2 Major Cloud Product List

1)
2)
3)
4)
5)
6)
7)
8)
9)

EPIC Cloud Mask

Oxygen A-band Cloud Effective Pressure

Oxygen A-band Cloud Effective Height

Oxygen B-band Cloud Effective Pressure

Oxygen B-band Cloud Effective Height

Cloud Optical Thickness —assuming liquid phase
Cloud Optical Thickness —assuming ice phase
Cloud Effective Temperature

Most likely cloud thermodynamic phase



EPIC Cloud Product Version Naming Convention

Versions 01
DSCOVR_EPIC_L2 CLOUD _01 20190627131403 02.nc4 16,676 granules

05/12/2016 - 06/27/2019

Cloud Product L1b Version
Version

Versions 02 23,301 granules
DSCOVR_E P|C_L2_C LOU D_02_2019062713 1403_03 .nc4 05’/12/2gOlG — present

Next: Versions 03
DSCOVR_EPIC L2 CLOUD 03 20190627131403 03.nc4



Issues with Version 1 EPIC L2 Cloud Products

epic_cldfrc ( 4-week average) comp_cldfrc (4-week average)

comp_cldfrc ()

0.0 20.0 40.0 60.0 80.0 100.0 0.0 200 400 600

Comparison used four weeks of data from 2016 with one week for each season.
General patterns agree well, but problems exist over

-- snow/ice covered areas

-- sunglint areas




Improvements of cloud mask over snow/ice

Atmos. Meas. Tech., 13, 1575-1591, 2020 Atmospheric
https://doi.org/10.5194/amt-13-1575-2020
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Camera (EPIC)

Yaping Zhou'!2, Yuekui Yang!', Meng Gao', and Peng-Wang Zhai*

INASA Goddard Space Flight Center, Greenbelt, MD, USA

2The Joint Center for Earth Systems Technology, University of Maryland Baltimore County, Baltimore, MD, USA
ISSAI/NASA Goddard Space Flight Center, Ocean Ecology Laboratory, Greenbelt, MD, USA

*The Joint Center for Earth Systems Technology, Department of Physics, University of Maryland Baltimore County,
Baltimore, MD 21250, USA

Another paper supported by this project just published:
Yin, B., Min, Q., Morgan, E., Yang, Y., Marshak, A., and Davis, A. B., 2020: Cloud-top pressure retrieval with DSCOVR EPIC
oxygen A- and B-band observations, Atmos. Meas. Tech., 13, 5259-5275, https://doi.org/10.5194/amt-13-5259-2020.



Cloud detection over snow/ice with O, bands

Model simulated Oxygen band ratios as a
function of cloud optical thickness (COT)
with cloud top height at 2.5 km (black), 5.0
km (blue) and 7.5 km (red) and solar zenith
angles at 30° (solid line) and 60° (dotted
lines), respectively.

Thresholds are developed as a function of

surface height, solar zenith and view zenith
angles.

Zhou et al., AMT, 2020
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Improvements of cloud mask over snow/ice

(a) GEO/LEO (b)  EPIC (vO1) (¢) EPIC (v03)
Cloud Fractions derived from —

(a) composite GEO/LEO
retrievals, (b) original EPIC
cloud mask, (c) new EPIC
cloud mask over Antarctic in
January 2017

40
Zhou et al., AMT, 2020



Problems
around
sunglint

Courtesy of * " zse=
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Cloud detection over sung lint
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(a) R 764 / R 780 of a clear sky case for a typical Earth viewing geometry from EPIC. (b) R 764 / R 780 as a function of the
pixel index on the horizontal line which intercept the image at y = 1024, where y is the vertical pixel index. CTH and CGT
are 2.5 and 1 km, respectively. (c) R 780 on the same horizontal line Gao et al., JQSRT, 2019

Thresholds are derived as a function of glint angle using O, A-band ratio and 780nm reflectance



Cloud Version 2

Example:
DSCOVR_EPIC L2 CLOUD_03 20161222075806 _03.nc4




Glint Angle (degree)
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Cloud Version 3

Example:
DSCOVR_EPIC L2 CLOUD_03 20161222075806 _03.nc4




Another Example Cloud Version 2

Example:
DSCOVR_EPIC L2 CLOUD_02 20160101133135 03.nc4

Z 3
Cloud Mask



Cloud Version 3

Example:
DSCOVR_EPIC L2 CLOUD_02 20160101133135 03.nc4

i 1 2 J 4
Cloud Mask



List of updates (work since last STM in Sept. 2019)

* NCCS discover operating system change from SLES11 to SLES12 (libraries
used 1n the cloud product algorithms: hdt4, hdfs, nc4, fortran and c++)

* Algorithm development and implementation:

-- cloud mask over ice and snow (paper published)

Zhou, Y., Y. Yang, M. Gao, P. Zhai, 2020: Cloud Detection over Snow and Ice with Oxygen A- and B-
band Observations from the Earth Polychromatic Imaging Camera (EPIC), Atmos. Meas. Tech.,
18, 1575—1591, https://doi.org/10.5194/amt-13-1575-2020.

— cloud mask over sun glint regions: implemented
* Thresholds tuning and improvements: cloud mask over snow-free land
* Surface type and pressure from GEOS FPIT near real time

e Other small fixes



EPIC Cloud Product Application Examples

* Kramarova, Huang, et al. Ozone retrieval corrections

* Kai Yang’s products



EPIC Cloud Product Application Examples (Cont.)

JGR Atmospheres

RESEARCH ARTICLE
10.1029/2019JD031488

Key Points:

« EPIC observes the sunlit side of the
Earth with a frequency between 1
and 2 hr providing information on
cloudiness at different local times

« Four years of EPIC global cloud
fraction was analyzed as a function
of season and latitude

+ The daytime evolution of cloudiness
over ocean exhibits a clear convex
shape, while it has less pronounced
features over land

Supporting Information:
« Supporting Information S1

Daytime Variability of Cloud Fraction From
DSCOVR/EPIC Observations
A. Delgado-Bonal“? >/, A. Marshak' (", Y. Yang' (), and L. Oreopoulos’

'Earth Sciences Division, NASA Goddard Space Flight Center, Greenbelt, MD, USA, “Universities Space Research
Association, Columbia, MD, USA

Abstract The location of the Earth Polychromatic Imaging Camera (EPIC) aboard the Deep Space
Climate Observatory (DSCOVR) offers a global view of the Earth and captures its atmosphere at different
locations and time of the day. In this paper, we take advantage of that unique feature to study the
daytime variability of cloud fraction in a seasonal and zonal context. We observe that the ensemble behavior
over ocean has a distinctive convex shape, with higher cloud fractions at early morning and late afternoon,
while no such pattern is seen over land. Unique perspectives are obtained by analyzing the cloud

fraction of the globe as a whole and separately for each hemisphere, and by studying the effect of the viewing
zenith angle on cloud fraction retrievals.



A :
N .
ELSEVIER

Remote Sensing of Environment 232 (20197 111320
Contetits lists available at ScienceDirect
Remote Sensing of Environment

journal homepage: www. elsevier.com/locate/rse

EPIC Cloud Product Application Examples (Cont.)
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Estimating hourly land surface downward shortwave and photosynthetically =
active radiation from DSCOVR/EPIC observations
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EPIC Cloud Product Application Examples (Cont.)

Earth System

Science

Data

Earth Syst. Sci. Data, 12, 2209-2221, 2020
https://doi.org/10.5194/essd-12-2209-2020
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Summary

 Since last STM, the cloud detection algorithm upgrade has been
implemented. Results over ice, snow, snow-free land, and sung lint
are improved.

 EPIC L2 cloud products have seen some exciting applications,
including trace gas corrections, surface solar energy calculation, and
cloud diurnal cycle studies.

e Future work include:

-- Oxygen A- and B-band absorption look up table update
-- Version 3 cloud product, testing, processing and validation.
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