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What are we 
actually looking at?



NetCDF
Network Common 

Data Form

Band 1 + Band 2
Band 3

What’s in a NetCDF file?

number_of_lines
pixels_per_line



• NetCDF (network Common Data Form) - A platform independent format for 
representing multi-dimensional array-orientated scientific data. 

• Self Describing - a netCDF file includes information about the data it contains.

• Direct Access - a small subset of 
a large dataset may be accessed 
efficiently, without first reading 
through all the preceding data.

• Sharable - one writer and 
multiple readers may 
simultaneously access the same 
netCDF file.

What is NetCDF?



A NetCDF file consists of:

• Global Attributes:   Describe the contents of the file

• Dimensions: Define the structure of the data 
(e.g., Time, Latitude, Longitude, Wavelengths)

• Variables: Holds the data in arrays shaped 
by Dimensions

• Variable Attributes: Describes the contents of 
each variable



Unraveling your data

– Level 0: raw radiance counts

– Level 1a: radiance + telemetry and calibration data

– Level 1b: calibrated and geo-located

– Level 2: derived geo-physical values (algorithms), 
atmospherically corrected.

– Level 3: variables arranged in a uniform space-time grid 
(Earthling problems)



Level 2

As seen from space, 
Observing our marble

Data binned  to a projection
That we can use for GIS!

Level 3



PACE “bundles”

• PACE_OCI.[YYYYMMDD]T[HHMMSS].L2.OC_BGC.V3_0.nc

• PACE_OCI.[YYYYMMDD]T[HHMMSS].L2.OC_AOP.V3_0.nc

• PACE_OCI.[YYYYMMDD]T[HHMMSS].L2.OC_IOP.V3_0.nc

• PACE_OCI.[YYYYMMDD]T[HHMMSS].L2.PAR.V3_0.nc

• PACE_OCI.[YYYYMMDD]T[HHMMSS].L2.SFREFL.V3_0.nc

• PACE_OCI.[YYYYMMDD]T[HHMMSS].L3m.MO.MOANA.V3_0.4km.nc



PACE_OCI.[YYYYMMDD]T[HHMMSS].L2.OC_BGC.V3_0.nc

• BGC = Biogeochemistry

• chlor_a - chlorophyll-a 

• carbon_phyto - phytoplankton 
carbon 

• poc - particulate organic carbon

Note: A ubiquitous indicator of phytoplankton biomass. In some cases, 
increases/decreases in concentration do not explicitly reflect biomass change.  



PACE_OCI.[YYYYMMDD]T[HHMMSS].L2.OC_BGC.V3_0.nc

• BGC = Biogeochemistry

• chlor_a - chlorophyll-a 

• carbon_phyto - phytoplankton 
carbon 

• poc - particulate organic carbon

Note: This product is related to particle backscattering. Arguably, a more 
direct indicator of phytoplankton biomass, but it hasn’t been as well vetted. 



PACE_OCI.[YYYYMMDD]T[HHMMSS].L2.OC_BGC.V3_0.nc

• BGC = Biogeochemistry

• chlor_a - chlorophyll-a 

• carbon_phyto - phytoplankton 
carbon 

• poc - particulate organic carbon

Note: All carbon-containing particles suspended in seawater (phytoplankton, 
detritus, bacteria)- particularly relevant for carbon export processes. 



PACE_OCI.[YYYYMMDD]T[HHMMSS].L2.OC_AOP.V3_0.nc

• AOP = Apparent Optical Properties

• Rrs - remote sensing reflectance at 
184 wavelengths (339–719 nm)

• avw - apparent visible wavelength

• nflh – normalized fluorescence line 
height 

Note: The mathematical description of color in the ocean. This product is the 
baseline for the construction of most algorithms. 



PACE_OCI.[YYYYMMDD]T[HHMMSS].L2.OC_AOP.V3_0.nc

• AOP = Apparent Optical Properties

• Rrs - remote sensing reflectance at 
184 wavelengths (339–719 nm)

• avw - apparent visible wavelength

• nflh – normalized fluorescence line 
height 

Note: Objective descriptor of Rrs spectral shape. Higher value = red-shifted, 
lower value = blue-shifted.



PACE_OCI.[YYYYMMDD]T[HHMMSS].L2.OC_AOP.V3_0.nc

• AOP = Apparent Optical Properties

• Rrs - remote sensing reflectance at 
184 wavelengths (339–719 nm)

• avw - apparent visible wavelength

• nflh – normalized fluorescence line 
height 

Note: Light leaving the ocean surface due to sun-induced chlorophyll 
fluorescence. Provides an indicator of phytoplankton physiology. 



PACE_OCI.[YYYYMMDD]T[HHMMSS].L2.OC_IOP.V3_0.nc

• AOP = Inherent Optical Properties
• Kd - diffuse attenuation coefficients at 19 wavelengths (351–711 

nm)

• a - total absorption coefficients at 19 wavelengths (351–711 nm)

• aph - phytoplankton absorption coefficients at 19 wavelengths 
(351–711 nm)

• adg - detrital and gelbstoff absorption coefficient at 442 nm

• adg_s - detrital and gelbstoff absorption spectral slope parameter

• bb - total backscatter coefficients at 19 wavelengths (351–711 nm)

• bbp - particle backscatter coefficient at 442 nm

• bbp_s - particle backscatter spectral slope parameter 

Note: A direct indicator of how deep light can penetrate into the water. These 
coefficients can be used to directly estimate light intensity at any depth.



PACE_OCI.[YYYYMMDD]T[HHMMSS].L2.OC_IOP.V3_0.nc

• AOP = Inherent Optical Properties
• Kd - diffuse attenuation coefficients at 19 wavelengths (351–711 

nm)

• a - total absorption coefficients at 19 wavelengths (351–711 nm)

• aph - phytoplankton absorption coefficients at 19 wavelengths 
(351–711 nm)

• adg - detrital and gelbstoff absorption coefficient at 442 nm

• adg_s - detrital and gelbstoff absorption spectral slope parameter

• bb - total backscatter coefficients at 19 wavelengths (351–711 nm)

• bbp - particle backscatter coefficient at 442 nm

• bbp_s - particle backscatter spectral slope parameter 

Note: The absorption of light by phytoplankton can vary by a factor of 4 or 
more at a constant chlorophyll-a value, so this parameter more accurately 
describes how much light has been utilized by living phytoplankton cells. 



PACE_OCI.[YYYYMMDD]T[HHMMSS].L2.OC_IOP.V3_0.nc

• AOP = Inherent Optical Properties
• Kd - diffuse attenuation coefficients at 19 wavelengths (351–711 

nm)

• a - total absorption coefficients at 19 wavelengths (351–711 nm)

• aph - phytoplankton absorption coefficients at 19 wavelengths 
(351–711 nm)

• adg - detrital and gelbstoff absorption coefficient at 442 nm

• adg_s - detrital and gelbstoff absorption spectral slope parameter

• bb - total backscatter coefficients at 19 wavelengths (351–711 nm)

• bbp - particle backscatter coefficient at 442 nm

• bbp_s - particle backscatter spectral slope parameter 

Note: Absorption of light by detritus + CDOM can indicate the presence of a 
declining phytoplankton bloom, or river runoff. 



PACE_OCI.[YYYYMMDD]T[HHMMSS].L2.OC_IOP.V3_0.nc

• AOP = Inherent Optical Properties
• Kd - diffuse attenuation coefficients at 19 wavelengths (351–711 

nm)

• a - total absorption coefficients at 19 wavelengths (351–711 nm)

• aph - phytoplankton absorption coefficients at 19 wavelengths 
(351–711 nm)

• adg - detrital and gelbstoff absorption coefficient at 442 nm

• adg_s - detrital and gelbstoff absorption spectral slope parameter

• bb - total backscatter coefficients at 19 wavelengths (351–711 nm)

• bbp - particle backscatter coefficient at 442 nm

• bbp_s - particle backscatter spectral slope parameter 

Note: Defines how light is scattered in the backwards direction by particles in 
the water. This product provides an indicator of particle density.



PACE_OCI.[YYYYMMDD]T[HHMMSS].L2.PAR.V3_0.nc

• PAR = Photosynthetically Available 
Radiation

• ipar_planar_below - instantaneous photosynthetically
available radiation (below water surface)

• ipar_planar_above - instantaneous photosynthetically
available radiation (above water surface)

• par_day_scalar_below - daily scalar photosynthetically
available radiation (below water surface)

• par_day_planar_above - daily planar photosynthetically
available radiation (above water surface)

• par_day_planar_below - daily planar photosynthetically
available radiation (below water surface) 

Note: Quantum energy flux from the Sun in the 400 - 700 nm range. Impacts 
photosynthetic activity (how much light is actually converted to carbon)



PACE_OCI.[YYYYMMDD]T[HHMMSS].L2.SFREFL.V3_0.nc

• SFREFL = Surface Reflectance

• rhos – surface reflectance at 52 
wavelengths (339–2258 nm), 
corrected for Rayleigh scattering

Note: The basis for “true color” imagery. The is radiance corrected for the 
angular effects of Rayleigh scattering, as 90% of signal is atmosphere.



PACE_OCI.[YYYYMMDD]T[HHMMSS].L3m.MO.MOANA.V3_0.4km.nc

• MOANA = Multiple Ordination 
ANAlysis

• prococcus_moana – concentration 
of prochlorococcus

• syncoccus_moana – concentration 
of synechococcus

• picoeuk_moana – concentration of 
picoeukaryotes

Note: The first phytoplankton community composition algorithm for PACE. 
These products are intended for open ocean applications, not nearshore.



What else can we expect?

Coming soon

• Pigments (Chase): Phytoplankton pigments chlorophyll-a, -b, and -c along with 
photoprotective and photosynthetic carotenoids. 

• Diatom carbon (Chase): Satellite-based diatom carbon estimates.

• Taxonomic groups (Kramer): Diatoms, dinoflagellates, nanoplankton, haptophytes, 
picoplankton, based on phytoplankton pigment estimates.

• Carbon, Absorption, and Fluorescence Euphotic-resolving (CAFÉ) model (Silsbe et al. 2016): 
Absorption-based estimates of net primary productivity.

Available, but not operational

• Particle size class (Kostadinov): Size partitioning of oceanic particles, particle size 
distribution. 

• Phytoplankton size class (Turner): Chlorophyll-a based partitioning of phytoplankton size 
classes (pico-, nano-, micro-plankton).

https://doi.org/10.1002/2017JC012859
https://doi.org/10.1029/2022GL098076
https://doi.org/10.1016/j.rse.2021.112879
https://doi.org/10.1002/2016GB005521
https://doi.org/10.5194/os-19-703-2023
https://doi.org/10.1016/j.rse.2021.112729
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Thank you!

Contact me at:
Ryan.Vandermeulen@noaa.gov


