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Abstract

MOANA (Multi Ordination ANAlysis) returns near-surface concentrations of three different
phytoplankton groups [cells mL']; Prochlorococcus, Synechococcus, and autotrophic
picoeukaryotes. The approach uses a principal component analysis and multiple regression as
described in Lange et al. (2020), and it was developed using in-situ datasets. The implementation
is contingent on valid remote sensing reflectance, Rrs(L) [sr'!], in the visible (395 - 705 nm)

spectral range. The algorithm is applicable only to the hyperspectral ocean color sensors

supported by NASA (currently PACE OCI).

Plain Language Summary

This algorithm, MOANA, is used to estimate cell concentrations of three different groups of
phytoplankton (Prochlorococcus, Synechococcus, and autotrophic picoeukaryotes) using the
instruments that can measure hyperspectral ocean color radiometry, e.g., Ocean Color Instrument
on PACE spacecraft. Different phytoplankton types play specific roles in oceanic ecosystem —
some contribute more to oceanic carbon cycle, some of them are harmful. Understanding how
distribution and dominance of different type of phytoplankton in the ocean (and other aquatic
bodies) will help us better understand how the ocean functions, as well provide important
information to predict fishery success, improve aquaculture, and prevent harmful impact on the
economy and well-being of the coastal ecosystems, or functionality of the carbon cycle.
MOANA relies on the fact that different types of phytoplankton carry different pigments which
modify the color of the ocean, but also the fact that each of them thrives in different
environmental conditions (that is indirectly described by ocean color or sea surface temperature).
These assumptions were applied to the dataset collected aboard research vessels in the Atlantic
resulting in a mathematical approach that allows us to convert the measurements from satellites

into the phytoplankton cell counts.
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Version Description
This is the first version of the MOANA algorithm employed by the Ocean Biology
Processing Group (OBPG).



1 Introduction

MOANA, which stands for Multiple Ordination ANAlysis, is an algorithm that estimates
near-surface cell abundances (cells mL!") of Prochlorococcus (prococcus moana),
Synechococcus (syncoccus moana), and authortophic picoeucaryotes (picoeuk moana) (Figure
1). The algorithm was developed using empirical relationships between cell concentrations,
hyperspectral remote sensing reflectance (Rrs(A)), and sea surface temperature (SST).
Implementation of this algorithm is contingent on the availability of valid sensor-observed

hyperspectral remote sensing reflectance, Rrs(400 — 600 nm), and is a test product that will be

part of the Level-2 Phytoplankton Community Composition (PCC) suite.
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Figure 1. MOANA products - autotrophic picoeukaryotes (left), Synechococcus (center),
Prochlorococcus (right) shown for the region of Atlantic for month of July 2024. Note that
autothropic picoeukaryotes and Synechococcus abundances are on log scale, while

Prochlorococcus is shown on linear scale.

2 Context/Background
2.1 Historical Perspective
Ocean color observations from satellite sensors (e.g. SeaWiFS, MODIS, VIIRS) have

provided continuous global datasets of aquatic chlorophyll a (Chl a) for over 20 years,



generating insight into spatial and temporal changes in phytoplankton biomass (e.g., McClain et
al., 2022). However, Chl_a (Werdell et al., 2023) fails to capture taxonomic diversity of
phytoplankton, which varies significantly by taxa, function, and size across different regions,
seasons, and environmental conditions. During the past 25 years, numerous studies have shown
that space-based instruments can reach beyond estimates of total phytoplankton biomass and
quantify certain aspects of PCC (Mouw et al., 2017 Cetinic et al., 2024), however limited by the
spectral resolution of historical ocean color instruments. With the launch of PACE, global
hyperspectral ocean color data make it possible to explore the nuances in ocean color driven by
the change in phytoplankton community composition. The MOANA algorithm is one of the first
phytoplankton community composition algorithms optimized for hyperspectral ocean color
radiometry, and it was used to produce the PACE first light image (Figure 2). Together with
pigment targeting algorithms (e.g., the Gaussian Pigment approach and the Spectral Derivate
Pigments approach), it forms part of the first PACE OCI Phytoplankton Community

Composition Suite.
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2.2 Additional Information
For additional information of history and origins of hyperspectral approaches to derive
phytoplankton community composition, please refer to Cetinic et al. (2024) and references

within. In the Hawaiian language (‘Olelo Hawai‘i) Moana stands for ocean.

3 Algorithm Description
3.1 Scientific Theory

In this algorithm, differentiation of the specific taxa is done following the assumption that
in high phytoplankton biomass areas, changes in phytoplankton composition and biomass
provide significant changes in phytoplankton absorption that are reflected in spectral variations.
However, in low biomass areas, the spectral signature of water is influenced not only by the
present cells but also by other seawater constituents that co-vary with their abundances.
Additionally, the addition of sea surface temperature as a predictor is based on the idea of taxa-
specific ecological niches, where specific conditions favor the growth of one taxon over another.
To tease out these signals from the remote sensing reflectance, MOANA uses principal
component regression to derive empirical relationships to predict targeted taxa (Lange et al.,
2020), following the approach previously developed by Craig et al. (2012) and Bracher et al.
(2015).

3.1.2 Scientific Theory Assumptions
Assumptions in this approach is that spectral characteristics of individual taxa (and/or

associated water constituents) is significantly different to allow for separation of taxa from space.

3.2 Mathematical Theory

Full details of the algorithm development are described in Lange et al. (2020). Briefly, an
in situ dataset consisting of phytoplankton cell counts (Prochlorococcus, Synechococcus, and
autotrophic picoeukaryotes) and hyperspectral remote sensing reflectance was used to perform
principal component analysis (PCA). Using different statistical approaches, a total of 14
Principal Components (PCs) were selected for prediction of the targeted taxa. The resulting

scores of the selected PCs and, in some cases, Sea Surface Temperature (SST), are then used in



multilinear regression analyses targeting the abundances of Prochlorococcus (prococcus_moana)

Synechococcus (syncoccus_moana), and autotrophic picoeukaryotes (picoeuk moana).

Table 1. Regression coefficients and values used in above listed equations for calculation of

autotrophic picoeukaryotes (Picoeuk), Synechococcus (Syncoccus) and Prochlorococcus

(Prococcus).

Picoeuk Picoeuk Syncoccus Syncoccus Prococcus Prococcus
ai 3.31202 S1 -17.52889 p1 -4562144
a 0.21332 52 1.95949 p2 770448
as 0.09385 53 0.3385 D3 343590
as 0.72960 S4 0.49127 p4 54975
as 0.97040 S5 1.04400 Ds 290751
as 0.67274 6 - 1.06453 P6 -1041404
az -2.25057 87 -1.55528
as -3.45864 S8 -2.25345

59 -3.41758

510 -1.67013

S11 -3.1924

Prior to initializing the model, observed R,4(414 — 660nm) are interpolated to 2 nm resolution
(Rysmoa)> and standardized (centered around the mean with a unit standard deviation).
Following this step, scores (U;) are calculated using the input reflectances (R;.s ;moq) and loadings

of the training PCA (V; 3)
660

U = Z Rrs,mod (A)Vi,/l

=414
where i stands for Principal Component index. Calculated scores are then loaded into the
multivariate equations using regression coefficients as explained in Lange et al. (2020) to
calculate final cell concentrations [cells mL ] for targeted taxa:
log,,(autotrophic picoeukaryotes)
=aq +ayU; +a3Uz +a,Uy + asUs + agUyy + a,U 3 + agUss
log,,(Synechococcus)
=81+ S,U; + 53U, + 5,Uz + s5Us + sgUg + 57,Uqg + sgU; ¢ + SqU;1 + S10Us2
+ 511053



Prochlorococcus = p; + p,log,o(SST) + psUy + p, Uy + psUg + peUy
Note that for Prochlorococcus cell concentrations, the algorithm uses log transformed sea
surface temperature value (logio(SST)) for the targeted pixel. Note also that SST used here is the
reference PACE SST, which is GHRSST CMC-based global L4 sea surface temperature.

3.3 Algorithm Input Variables

Table 2. Input variables of MOANA.

Name Long name Unit
Rrs_vvv Remote sensing reflectance sr!
SST Sea surface temperature °C

3.4 Algorithm Output Variables

Table 3. Output variables of MOANA.

Name Long name Unit

picoeuk moana cell abundances of picoeukaryotes cells mL"!
syncoccus_moana cell abundances of Synechococcus cells mL-!
prococcus moana cell abundances of Prochlorococcus cells mL!

4 Algorithm Usage Constraints

This algorithm was developed for usage in Atlantic Ocean area, using in situ underway

radiometry. At this point, PACE OCI MOANA products have not been validated yet.

S Performance Assessment
5.1 Validation Methods

After production, MOANA cell counts are validated using in situ collected phytoplankton
counts archived in the NASA SeaWiFS Bio-optical Archive and Storage System (SeaBASS)
(Werdell et al., 2003). The product validation analyses compare satellite and in situ

measurements following the approach of Bailey & Werdell, 2006.



5.2 Uncertainties

During the initial model development of empirical models, outputs were compared with
the in-situ observations, using two statistical metrics for uncertainty: average bias and mean
absolute error, assuming the normal frequency distribution of the variables - see tables 1, 2, and

3 in Lange et al. (2020).

6 Algorithm Implementation
6.1 Algorithm Availability

Location of Implemented Algorithm
Url: https://oceancolor.gsfc.nasa.gov/docs/ocssw/
Description

This is the source code of NASA's Ocean Color Science Software (OCSSW).
Phytoplankton cell counts could be obtained from satellite remote sensing data via command line
processing or using the graphical user interface to OCSSW known as SeaDAS
(https://seadas.gsfc.nasa.gov). The following instructions provide guidance on processing data
with SeaDAS: https://seadas.gsfc.nasa.gov/help-
8.3.0/processors/ProcessL.2gen.htmI#PRODUCTS_TAB.

6.2 Input Data Access
There are different ways to access the input variables for MOANA.

Url: https://oceandata.sci.gsfc.nasa.gov/

https://search.earthdata.nasa.gov/search?

Description
Rrs_vvv or level 3 remote sensing reflectance and SST are inputs for MOANA algorithm.

They can be downloaded from the NASA ocean data website and earthdata search.

6.3 Output Data Access
Oceandata site
Url: https://oceandata.sci.gsfc.nasa.gov/api/file search/
Description
MOANA products are L4 test products under the PACE mission, and as such can be
found at the OB.DAAC distribution pages.


https://seadas.gsfc.nasa.gov/help-8.3.0/processors/ProcessL2gen.html#PRODUCTS_TAB
https://seadas.gsfc.nasa.gov/help-8.3.0/processors/ProcessL2gen.html#PRODUCTS_TAB
https://oceandata.sci.gsfc.nasa.gov/
https://search.earthdata.nasa.gov/search

Earthdata search
Url: https://search.earthdata.nasa.gov/search?q=moana
Description

MOANA products are L4 test products under the PACE mission and are available as part
of the Earthdata catalogue.
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