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What Iron Fertilization Looks Like from Space
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Coastal Zone Color Scanner (CZCS)
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Ocean Sensors

January 2024 Launch
UV-VIS-NIR hyperspectral

Additional Relevant Developments

* Inversion Algorithms
» Chlorophyll (biomass & physiology)
» Phytoplankton Carbon (biomass)
» Chl:C (physiology)

* Chlorophyll Fluorescence
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Natural OIF Crozet Kerguelen
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* Strong and broad enhancement of chlorophyll
downstream of island, with stark contrast to
upstream waters
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MCSOSC&IG OIF - SOIREE (Southern Ocean Iron RElease Experiment)

e 15t “satellite-era” OIF (Feb. 1999)
* Image from ~ 45 days after fertilization
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Chlorophyll Fluorescence

« MODIS Aqua (2002)
« MERIS
- OLCI
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Chlorophyll Fluorescence

satellite

—

model prediction

0% 0.7% 1.4% 2.1% 2.8% 0.001 0.01 0.1
Q... (%) Soluble Fe deposition
sat (ng 2 ol )

From: Behrenfeld et al. (2009)



Chlorophyll Fluorescence
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MeSOscale OIF — SERIES (Subarctic Ecosystem Response to Iron Enrichment Study)

e July 2002

e Subarctic northeast Pacific
* Image from ~20 days after fertilization
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Mesoscale OIF — SOFEX-N

(Southern Ocean Iron Experiment - North)

* February 2002
* Southern Ocean
* Image from 26 days after fertilization

From: Westberry et al. (2013)
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MGSOSCELIG O [ — SOFEX'S (Southern Ocean Iron Experiment - South)

* February 2002
* Southern Ocean
* Image from 19 days after fertilization
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Natural OIF from Above

* February 2002
* Mt Okmok & Kasatoschi eruptions
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From: Hamme et al. (2010)



Natural OIF from Above

* February 2002
* Mt Okmok & Kasatoschi eruptions
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Satellite Lidar in
Oceanographic Research
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Cloud-Acerosol Lidar with Orthogonal Polarization (CALIOP)

* NASA-CNES partnership * ‘Proof of Concept’

e 2006 — summer 2023 * Global assessments of C;, ., POC

« 2-wavelength 110 mJ Nd:Yg laser (532, 1064 nm)  * Complete annual polar plankton cycles
« 3-channel (532, 532 1, 1064 nm) * Diel vertical animal migration

* 23 m water vertical resolution * Ocean color intercomparisons
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Looking Forward...
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Cloud Aerosol Lidar for Global Scale
s ’ Observations of the Ocean-Land-

Atmosphere System
(CALIGOLA)

(Launch Target 2029)

Agenzia Spaziale Italiana

T1. 532 nm co-polarized return
T2. 355 nm co-polarized return
T3. 532 nm cross-polarized return
T4. 300 nm water Raman emission T v 1 B
T5. 405 nm water Raman emission \l il (A% ¢ 41 L
T6. 1064 nm co-polarized return | i R U mu."‘ LA
B1. 355 nm cross-polarized return | o ‘ | ;‘:-r‘_ \“l'.,‘ ‘.H 0.10
B2. 630 nm chlorophyll fluorescence - Oligotrophic waters with broad subsurface features -
V1. 450 nm water Raman emission 46N a4 4N o 3EN 36N 003
V2. 1064 nm cross-polarized return atitude
V3. 466 nm cDOM emission
V4. 532 nm co-polarized and cross-polarized

return with enhanced detector dynamic range
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EAQIS

EXPLORING OCEAN IRON SOLUTIONS

Thank you



