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1. INTRODUCTION 3. ALGORITHM IMPROVEMENT

-Knowing the spatial and temporal distribution of visible solar radiation in the upper ocean is critical to [ ~Instead of using fthe single-scattering -The diurnal variability of clouds, a serious
understanding biogeochemical cycles of carbon, nutrients, and oxygen, to addressing climate and global approximation to estimate atmospheric limitation when wusing a single satellite

change issues, such as the fate of anthropogenic atmospheric carbon dioxide, and to making future reflectance in the retrieval of the  observation per day, are accounted for using

climate projections. reflectance of the cloud/surface layer, MERRA-2 hourly cloud products
which becomes inaccurate at large Sun and

-A simple yet efficient and fairly accurate algorithm was developed to estimate daily mean PAR at the i View zenith angles, Look-Up Tables (LUTs)
ocean surface from SeaWiFS data (Fr'ouin et C(I., 2003) and adapTed to other sensors in polar orbi’r, are cons’rr'L!c’red fOI" the VC(!"IOLIS aerosol yo-y, VIIRS-SNPP PAR, original code, 2016/09/22 _ VIIRS-SNPP PAR, new code, 2016/09/22
including MODIS-T and -A (Frouin et al., 2012), VIIRS-NPP and -JPSS1. models considered in the algorithm. B, i35 .. 2 B, 2> . aa

-Global PAR time series from MODIS and VIIRS data have been routinely produced by the NASA | -The satellite climatology of aerosol optical
Ocean Biology Processing Group (OBPG) and made available to the user community. The standard Level-2 thickness and  Angstrom  coefficient

and -3 PAR products have been used extensively in the science community. arereplaced by hourly 0.650x0.50 MERRA-2 IRS.SNPP PAR difference. . 2016/09/22
data (Gelaro et al., 2017) interpolated to iy e
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-However, current radiation products, despite their utility, do not fit significant needs of the the source grid. CE N e £ oo
oceanography community. Other products are required, i.e., sub-surface planar and scalar fluxes, | | e 5 o
average cosine, spectral fluxes (ultraviolet to visible), diurnal fluxes, fraction of PAR absorbed by live -The syrface qlbedo, As, IS parame’rer'l.z.ed sem—— e I
phytoplankton, surface albedo, vertical attenuation, and heating rate, and for associating uncertainties according to Jin ef al. (201;) as G_fU”CT'O” Comn e me © T an ey
to any product on a pixel-by-pixel basis (Frouin et al., 2018). The requirements are also for consistent of Sun zenith angle, the ratio of direct and

time series across sensors and products with no spatial or temporal gaps. fotal radiation, and wind speed.

2. GENERATION of CONSISTENT TIME SERIES 4. EXAMPLE NEW PRODUCT S

- First, a reference time series using the PAR data from
SeaWiFS, MODIS-A, and MODIS-T was generated by
averaging the monthly estimates from theses three
instruments which were selected because they cross the
equator at different local times (i.e., 10:30, 12:00, and
13:30, respectively); i.e., cloud diurnal variability is |
considered (at least partly). : - ;

-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1 180°  120°W  60°W 0
PAR difference (mol quanta m™ d'1) PAR difference (mol quanta m™ d'1)

Daily mean planar fluxes just above surface Daily mean scalar fluxes just below surface

o
~
o
~

o
w
o
w

o
N
o
[

o
—

Normalized frequency
©

Normalized frequency

- Secondly, these monthly maps were used to correct the
estimates from each individual instrument.
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- Finally, the PAR values from other sensors (MERLS and
VIIRS) were compared to the corrected PAR from g I g e

SeaWiFS' MODIS-A' MODIS-T’ or 'l'heir' CombinaTionS' PARdifference(moIquantam'2d'1) PARdifference(moIquantam'2d'1)
and the biases were removed.
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(top row) Histograms of January and July differences
(left and right, respectively) between monthly mean PAR

. . . derived b SeaWiFS S), MODIS-AQUA A),
- The adjusted PAR for all sensors is then compared with MODIS-TERRA (1), or wo 3. hopisAQ (A + Ly

1N-<1 | ' + S, and T + S), and PAR derived by the three
in-situ measurements and corrected for possible biases. smmonts (A s e S atron o Sae o the o

row but after correction of biases. The histograms are
computed using PAR estimates in the tropical ocean from
July 2002 to December 2010, when estimates from
SeaWiFS, MODIS-AQUA, and MODIS-TERRA all exist.
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(blue), MERIS (black), and VIIRS (cyan), monthly PAR and field measured -] |
monthly PAR at four sites (BOUSSOLE, CCE1, CCE2, and COVE). (right)
Bias (blue “ne) and RMSD (r'ed “ne) of satellite-derived monThly PAR as a 0 19571996 1999 2000 2001 2002 2003 2004 2005 2006 2007 2006 2000 2010 2011 2012 20132014 2015 2016 2017 20182010 2020 2021 2022 2023
function of field measured monthly PAR.
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5. SUMMARY

: - An accurate 20-year record of monthly PAR over the tropical oceans from SeaWiFs,
. B MODIS-AQUA, MODIS-TERRA, MERIS, and VIIRS data was generated. Such time series provides

g \FeaSS A S ST, %) Time series of satellite-derived daily mean PAR) in the : : : ' ~hili : : : :
o s BB B SR D5 MESI S0 western oauatorial Pacific (0 160°E) and the rerthecst [ TN€ Means to investigate interannual variability of oceanic primary production and allow numerical

180°  120°W  60°W  O0° 60°E  120°E 180" 180° 120°W 60°W  0° 60°E  120°E  180° Pacific (ZZON, 140°W) from SepTember' 1997 to Apf‘ll 2022. mOdeling Of biOQZOChemiCGI imPGCTS Of IOng'Tel"m PAR Changes.

Values are averages over areas of about 46x46 km2. The PAR
<PAR(0*)>, VIIRS-SNPP, 09/22/2016, before correction<PAR(0*)>, merged, 09/22/2016, before correction estimates obtained from SeaWiFS (S), MODIS-A (A),
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B SRR . MODLS-T (T), MERIS (M), and VIIRS (V) are corrected for 88 - The PAR algorithm has been improved, including better quantifying the reflectance of the

N PR biases and averaged depending on data availability. Seasonal . ) . e
P Ao FUNDEING cycle is pronounced at 220N and small at the Equator; short cloud/surface IGYCI", surface albedo, aerosol OPTICGI pr'oper"rles, and cloud diurnal variabilities.
> term variability dominates at the Equator.

<PAR(0*)>, MODIS-A, 09/22/2016, before correction <PAR(0*)>, MODIS-T, 09/22/2016, before correction
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: - In addition to the surface radiation products, the subsurface products including daily mean planar

W uOW W 0 W e RN BN ¢ WE SE B 0" (equator 160" E (New Guines) and scalar fluxes and average cosine just below surface from MODIS and VIIRS were generated,

o SPARIC), merged, 03/22/2016, after corretion | <PAR(O") iference, merged, 09/22/2015 | W“%%MWW A i Y which are unique yet essential for understanding the global carbon cycle and ocean ecosystem
cheiii . o ke N - responses to a changing climate.
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Global maps of daily mean PAR for September 22, 2016 (equinox), obtained from 304 | .
MODIS-A, MODIS-T, and VIIRS-SNPP without bias correction (top left, fo right, and ~ £2 This work was funded by NASA under Grant 80NSSC21K1661. The authors gratefully acknowledge

middle left, respectively), merged product before and after bias correction of estimates ; . . .. . : : .y :
fr'om individua' SensOr‘S (middle r'igh"' Gnd bOTTOm Ief"" r-especfively) Gnd The differ!ence 199719981999200020012002200320042005200620072008200920102011201220132014201520162017201820192020202120222023 The NA SA O BPG fo rl generlaTl ng , ma' n‘ral nl ng , and dISTrll buTl ng The r.adlaT l On pr.oducTS uSed l n The

after bias correction (bottom right). Land is in black, sea ice in white, and missing values Same as above, but monthly mean PAR STUdy
in gray. Missing values at low latitudes are almost filled in the merged product. i




