DSCOVR EPIC Ocean Product

Purpose

This document serves as a guide to the data sets contained in the DSCOVR EPIC Ocean
Surface Product data granules. Its primary aim is to assist users, particularly those engaged
in biological and biogeochemical studies, in understanding and utilizing EPIC surface
radiation data. The principal investigator for this product is Dr. Robert Frouin at the Scripps
Institution of Oceanography (SIO), University of California San Diego (UCSD)
(rfrouin@ucsd.edu), with support from co-investigator Dr. Jing Tan, also at SIO, UCSD
(jit079@ucsd.edu).

Product

The EPIC surface radiation product is derived from up to13 daily observations of the sunlit
Earth made by the EPIC instrument in spectral bands centered at 443, 551, and 680 nm. It
includes the following parameters over the ice-free ocean in the photosynthetically
available radiation (PAR) range (400-700 nm):

1) the daily mean planar irradiance reaching the ocean surface, denoted as <PAR(0+)>;

2) the daily mean planar irradiance penetrating the ocean surface, denoted as <PAR(0-)>;
and

3) the daily mean scalar irradiance just below the surface, denoted as <PAR,(0-)>.

Planar irradiance refers to the radiant flux received per unit horizontal area from all
directions in the hemisphere above (or below) the surface. Scalar irradiance, by contrast,
refers to the radiant flux received per unit area from all directions in a sphere surrounding a
point, regardless of direction, making it relevant to light availability for phytoplankton and
other aquatic organisms.

All three quantities are expressed in units of E-m~-d™" (Einstein per square meter per day).
Aconversion factor of 0.838 can be used to approximate values in mW-cm=2-pm™" units, with
an inaccuracy of only a few percent under a wide range of meteorological conditions. The
productis generated on both a Plate Carrée (equal-angle) grid with 18.4 km resolution at the
equator and an 18.4 km equal-area grid, ensuring compatibility with NASA’s Ocean Biology
Processing Group ocean color products.



Algorithm

The EPIC PAR algorithm employs a radiative budget approach, in which the planar solar
irradiance reaching the ocean surface is determined by subtracting the irradiance reflected
to space from the known irradiance at the top of the atmosphere, accounting for
atmospheric transmission. The reflected irradiance is estimated from EPIC Level 1b
radiance data, while transmission through the atmosphere is modeled. A key advantage of
this method is that it does not require explicit separation of clear and cloudy regions within
a pixel, thereby avoiding often-arbitrary assumptions about cloudiness distribution, an
approach well-suited to the relatively large pixel size of EPIC. In the model, clouds are
treated as underlying a clear atmosphere.

For each EPIC daytime observation, a daily mean planar irradiance reaching the surface,
<PAR(0+)>, is estimated on the source grid, assuming cloud conditions remain unchanged
throughout the day. The calculation is expressed as:

<PAR(0+)> = (1/24) Jt cos(0s(t) G(t) dt with G = [ {Eo Te Ta[1=Al[1-AJ[1-S. AI"}dA (1)

where t is time, A wavelength, Os Sun zenith angle, E, extraterrestrial solar irradiance, T
gaseous transmittance, Tq atmospheric transmittance (direct + diffuse) due to molecules
and aerosols), A albedo of the surface-cloud system (estimated from EPIC radiances at 443,
551, and 680 nm), A surface albedo, and S, albedo of the clear atmosphere.

The algorithm operates on a pixel-by-pixel basis, producing daily mean PAR values for each
pixel of the satellite imagery. The individual estimates are then remapped and weight-
averaged using the cosine of the Sun zenith angle. In the computations, wind speed, surface
pressure, water vapor amount, cloud fraction, aerosol optical thickness and angstrom
coefficient are extracted from MERRA-2 data, and ozone amount from EPIC Level 2 data.
Areas contaminated by sun glint are excluded using a threshold on sun glint reflectance
calculated using wind data. Ice masking is based on NSIDC near real time ice fraction data.
To derive the daily mean planarirradiance below surface, <PAR(0->), theterm [1-A][1 - As]
1 -S.Al"in Eq. 1 is simply modified into [1 - A][1 - S, A]", i.e., omitting the surface albedo
adjustment.

The daily mean scalar irradiance just below the surface, <PAR,(0-)> is estimated using pre-
computed Look-up tables (LUTs) for clear sky and overcast conditions. A cloud factor <CF>,
defined as the ratio of the estimated <PAR(0+)> and the clear sky surface flux, <PARgcar(0-),
is used as a proxy for cloudiness. Scalarirradiance is then obtained by interpolating between
the clear-sky and overcast LUTs as follows:



<PAR0(0')> = K[<CF> - <CFovercast>] + <PARo—overcast, 0')>
K =[<PARo—clear, O_)> - <PARo—overcasti, 0_)>]/(1 - <CFovercast>)

The LUT ValueS, i.e., <CFovercast>, <PARO-0vercast, O')>, and <PARO-C[ear, 0_)>, are from LUTS.
function of latitude, day of year, and wind speed. Additional algorithm details can be found
in Frouin et al., (2018, 2022).

Data Format

Each granule is stored in the HDF5 data format. The data can be viewed with tools such as
SeaDAS and HDFview as well as the command line tool H5dump. Programming languages
such as Python and Java have libraries that can read HDF5 data.

Data Dictionary

The following data sets are available in each granule. The dataset name is followed by the
path to the dataset in parentheses:

Par_L3bin (/Level-3_bin/PAR_l3bin)

Planar photosynthetically available radiation above surface, Einstein/m?/day, level 3 binned.

PARDb_L3bin (/Level-3_bin/PARb_L3bin)

Planar photosynthetically available radiation below surface, Einstein/m?/day, level 3 binned.

PARo_3bin(/Level-3_bin/PARo_[3bin)

Scalar photosynthetically available radiation below surface, Einstein/m?/day, level 3 binned.



Par_L3bin (/Level-3_bin/PAR_l3bin)

Planar photosynthetically available radiation above surface, Einstein/m?/day, level 3 binned.

PARD_L3bin (/Level-3_bin/PARb_L3bin)

Planar photosynthetically available radiation below surface, Einstein/m?/day, level 3 binned.

PARo_3bin(/Level-3_bin/PARo_[3bin)

Scalar photosynthetically available radiation below surface, Einstein/m?/day, level 3 binned.

L3bin_flags(/Level-3_bin//13bin_flags)

A mask for the level 3 binned data with the following values: 1 - sunglint, 2 - land, 4 — seaice.

Lat_L3bin (/Level-3_bin/ lat_[3bin)

Latitude coordinate for each pixelin level 3 binned data.

Lon_L3bin (/Level-3_bin/ lon_L3bin)

Longitude coordinate for each pixel in level 3 binned data.

Num_of_bin(/Level-3_bin/num_of_bin)

The number of level 3 bins in each row.

Start_bin (/Level-3_bin/start_bin)

Index of the first bin in each row (see definition at
https://oceancolor.gsfc.nasa.gov/resources/docs/format/l3bins/; the global EPIC PAR map

is 1024 rows x 2048 columns.)

PAR_13smi (/Level-3_smi/PAR_l3smi)

Planar photosynthetically available radiation above surface, Einstein/m?/day, level 3
mapped.

PARb_[3smi (/Level-3_smi/PARb_L3smi)

Planar photosynthetically available radiation below surface, Einstein/m?/day, level 3
mapped.


https://oceancolor.gsfc.nasa.gov/resources/docs/format/l3bins/

PARo_13smi (/Level-3_smi/PARo_l3smi)

Scalar photosynthetically available radiation below surface, Einstein/m?/day, level 3
mapped.

L3smi_flags (/Level-3_smi/l3smi_flags)

A mask for the level 3 mapped data with the following values: 1 - sunglint, 2 - land, 4 — seaice.

Lat_[3smi (/Level-3_bin/ lat_L3smi)

Latitude coordinate for each pixelin level 3 mapped data.

Lon_L3smi (/Level-3_bin/ lon_l3smi)

Longitude coordinate for each pixel in level 3 mapped data.

Data Extraction

H5dump

H5Dump is a command line tool that can be used to inspect datasets. For example, to save
a PAR L3 binned dataset from the Ocean product granule
DSCOVR_EPIC_L3_PAR_02_20151105_18km.h5 to a binary data file in Little Endian format,
use the following command:

> H5dump -dataset=/Level-3_bin/PAR_L3bin —binary=LE -output=PAR_L3bin.out
DSCOVR_EPIC_L3_PAR_02_20151105_18km.h5

Python

Here is an example Python script of extracting Level 3 binned and Level 3 mapped PAR. The
package “h5py” is needed (https://docs.h5py.org/en/stable/quick.html).

To extract Level 3 mapped PAR,

import h5py
fname='DSCOVR_EPIC_L3_PAR_02_20200908_18km.h5'
f=h5py.File(fname,'r')

print(f.keys()) # ['Level-3_bin', 'Level-3_smi']

print(f['Level-3_smi'].keys())


https://docs.h5py.org/en/stable/quick.html

# Level 3 mapped planar PAR above surface, 2d array, 1024x2048
PAR_(3smi=f['Level-3_smi']['PAR_L3smi'][()]

# Level 3 mapped planar PAR below surface, 2d array, 1024x2048
PARb_(3smi=f['Level-3_smi']['PARb_L3smi'][()]

# Level 3 mapped scalar PAR below surface, 2d array, 1024x2048
PARo_(3smi=f['Level-3_smi']['PARo_l3smi'][()]

# flags: 1 -glint, 2 - land, 4 — seaice; 2d array, 1024x2048
flags=f['Level-3_smi']['l3smi_flags'][()]

# Latitude, level 3 mapped, 2d array, 1024x2048
lat=f['Level-3_smi']['lat_L3smi'][()]

# Longitude, level 3 mapped, 2d array, 1024x2048
lon=f['Level-3_smi']['lon_L3smi'][()]

f.close()

To extract Level 3 binned PAR,

import h5py
fname='DSCOVR_EPIC_L3_PAR_02_20200908_18km.h5'
f=h5py.File(fname,r')

print(f.keys()) # ['Level-3_bin', 'Level-3_smi']
print(f['Level-3_bin'].keys())

# Level 3 binned planar PAR above surface, 1d array
PAR_3bin=f['Level-3_bin']['PAR_L3bin'][()]

# Level 3 binned planar PAR below surface
PARb_(3bin=f['Level-3_bin']['PARb_L3bin'][()]

# Level 3 binned scalar PAR below surface
PARo_L3bin=f['Level-3_bin']['PARo_L3bin'][()]
#1-glint, 2-land, 4 - seaice

flags=f['Level-3_bin']['l3bin_flags'][()]



# Latitude, level 3 binned
lat=f['Level-3_bin"]['lat_L3bin'][()]

# Longitude, level 3 binned
lon=f['Level-3_bin']['lon_L3bin"][()]

# The number of bins in each row
num_of_bin=f['Level-3_bin'][num_of_bin'][()]

# Index of the first bin in each row of the 1024x2048 map
start_bin=f['Level-3_bin']['start_bin][()]

f.close()

Data Access

The EPIC ocean surface PAR products are available at the Atmospheric Science Data Center
(ASDC) at NASA Langley Research Center: https://asdc.larc.nasa.gov.

To download the EPIC ocean surface PAR products, visit https://asdc.larc.nasa.gov, go to
“Data -> Direct Data download -> DSCOVR -> EPIC -> L3_PAR_02”, and select the data that
is of interest.

An alternative way is going to “Data -> Browse Projects”, select “DSCOVR”, you will be
directed to https://asdc.larc.nasa.gov/project/DSCOVR. At the bottom of the page, under
tab “Level 37, click “DSCOVR_EPIC_L3_PAR_02”, and you will be directed to
https://asdc.larc.nasa.gov/project/DSCOVR/DSCOVR_EPIC_L3_PAR_02. Click “Get
Dataset” on the right side of the page. By doing this, you will be directed to a new webpage,

where you can use the “Start” and “End” Date on the left side to select a period of data that
you would like to download.

Download using cURL and Wget

To download files using cURL and Wget, here is a step by step guide (you can also check
https://urs.earthdata.nasa.gov/documentation/for_users/data_access/curl_and_wget).

1. Make sure you have a NASA earthdata login account. To register a new account, visit the
website https://urs.earthdata.nasa.gov, select “REGISTER”, and follow the instructions.

2. Configure your username and password for authentication using a .netrc file


https://asdc.larc.nasa.gov/
https://asdc.larc.nasa.gov/
https://asdc.larc.nasa.gov/project/DSCOVR
https://asdc.larc.nasa.gov/project/DSCOVR/DSCOVR_EPIC_L3_PAR_02
https://urs.earthdata.nasa.gov/documentation/for_users/data_access/curl_and_wget
https://urs.earthdata.nasa.gov/

>cd~
>touch .netrc
> echo "machine urs.earthdata.nasa.gov login uid_goes_here password password_goes_here" > .netrc

> chmod 0600 .netrc

where uid_goes_here is your Earthdata Login username and password_goes_here is your
Earthdata Login password. Note that some password characters can cause problems. A
backslash or space anywhere in your password will need to be escaped with an additional
backslash. Similarly, if you use a '#' as the first character of your password, it will also need
to be escaped with a preceding backslash. Depending on your environment, the use of
double-quotes " may be turned into "smart-quotes" automatically. We recommend turning
this feature off. Some users have found that the double quotes are not supported by their
systems. Some users have found that the > is aliased to >> on some machines. This will

append the text instead of overwriting the text. We recommend checking your ~/.netrc file
to ensure it only has one line.

If your uid is some_user and your password is ABCdef123! this line should look like:

> echo "machine urs.earthdata.nasa.gov login some_user password ABCdef123!" > .netrc

3. Create a cookie file. This will be used to persist sessions across individual cURL/Wget
calls, making it more efficient.

>cd~
> touch .urs_cookies

4. Download your data.
4.1. If downloading one file at a time,

Using cURL:
> curl -0 -b ~/.urs_cookies -c ~/.urs_cookies -L -n http://server/path
or Wget:

> wget --load-cookies ~/.urs_cookies --save-cookies ~/.urs_cookies --keep-session-
cookies http://server/path

where http://server/path is the url of the data.

The url of the EPIC PAR data is composed in such convention (take data of Jan 15, 2018 as
an example):



https://asdc.larc.nasa.gov/data/DSCOVR/EPIC/L3_PAR_02/2018/01/DSCOVR_EPIC_L3_PA
R_02_20180115_18km.h5

where 2018 is the year, 01 is the month, and 20180115 is the exact date.

4.2. If downloading multiple files at a time, you can generate a list of urls using the example
Python script shown below (the urls will be saved in a text file named “download_list.txt”):

import numpy as np
from datetime import date, timedelta
def generate_url(year,month,day):

return 'https://asdc.larc.nasa.gov/data/DSCOVR/EPIC/L3_PAR_02/'+str(year)+'/'+('%02d"' %
month)+'/DSCOVR_EPIC_L3_PAR_02_'+str(year)+('%02d' % month)+('%02d"' % day)+'_18km.h5'

# download data from 2018-1-1 to 2018-1-30
d1=date(2018,1,1)
d2=date(2018,1,31)

delta=d2-d1 # get the number of days between the two dates

fid=open('download_list.txt,w')

foriinrange(delta.days+1):
d=d1+timedelta(days=i)
url=generate_url(d.year,d.month,d.day)
fid.write(url+'\n')

fid.close()

Using cURL:

#!/bin/sh

fetch_urls() {



while read -r line; do

curl -b ~/.urs_cookies -c ~/.urs_cookies -L -n -f -Og $line && echo || exit_with_error "Command
failed with error. Please retrieve the data manually.”

done;
}
fetch_urls <<'EDSCEOF'
# Insert URLS here

EDSCEOF

or Wget:

wget --load-cookies ~/.urs_cookies --save-cookies ~/.urs_cookies --auth-no-challenge=on --no-check-
certificate --content-disposition -i download_list.txt

Examples

Illustrative examples of the EPIC daily mean PAR product are shown in the figures below for
September 20, 2020 (equinox). In the images, land areas appear in black and sea ice in
white.

Planar PAR above the ocean surface, <PAR(0*)>, ranges from a few Em2d™" at high latitudes
to approximately 60 Em2d™" at equatorial and tropical latitudes. Atmospheric disturbances
modulate the PAR field, particularly at mid-latitudes.

Planar PAR just below the surface, <PAR(07)>, is generally 3% to 10% lower than <PAR(0")>,
with the difference depending on latitude and cloud cover.

Scalar PAR below the surface, <PAR,(07)>, follows the same spatial patterns as the planar
quantities but exhibits slightly higher values, as expected due to its integration over all
directions.
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Contact

For questions, contact marshall.h.sutton@nasa.gov



