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Uncertainties of ocean iron fertilization in improving the
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Abstract: Iron, an essential microelement for phytoplankton growth, limits primary productivity in
more than one third of the global oceans, especially in the high-nutrient low-chlorophyll (HNLC) sea
areas. Ocean iron fertilization has long been considered as a geoengineering strategy to reduce the
atmospheric carbon dioxide level. However, 13 experiments of artificial ocean iron fertilization (aOIF)
demonstrated that the promotion effect of iron addition on carbon output in the deep ocean was
significantly lower than expected. This paper summarizes the cycle of carbon in the ocean and the
atmosphere, reviews the effects of artificial iron fertilization experiments on biological carbon pump
and carbon flux, and analyzes the factors influencing the marine biogeochemical process from ocean
iron fertilization to ocean carbon sink. According to the review, we conclude that the scientific
community has limited understanding of the process and regulation mechanism of biological carbon
pump. Considering the certain negative effects of ocean iron fertilization on the marine ecosystem,
further research needs to be conducted to reveal whether iron fertilization can be adopted to reduce the
carbon dioxide in the atmosphere to achieve carbon neutrality and mitigate the current greenhouse
effect.
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Atmosphere: 750 Gt C (+4.4 Gt C/yr)
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Figure 2 Schematic diagram of the “iron hypothesis” theory. A: the efficiency of biological pump
dominated by phytoplankton under normal conditions; B: the efficiency of biological pump dominated by
phytoplankton after iron fertilization, the red arrow indicates that this process will be promoted after iron

fertilization (revised according to reference [3]).
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Table | Summary of artificial ocean iron fertilization (aOIF) experiments!’

, o  Initialiron/ T ApCO, ADIC/  AChla/  APP/ AExport flux/
Experiment Location, time & patch size iron/ 3 2 2
(nmol/L) (patm) (umol/L) (mg/m”) [mg C/(m”day)] [mg C/(m”day)]*
(nmol/L)

IronEx-1 Equatorial Pacific 0.06 3.60 -13.0 —6.0 0.41 505-880 N.D.
Oct 1993 (64 km?)

IronEx-2 Equatorial Pacific 0.02 2.00 -73.0 -27.0 3.80-3.85 ~1 800 516 (25 m)
May 1995 (72 km®)

SOIREE Southern Ocean 0.08 3.80 —(38.0— —(18.0— 1.75 ~1180 N.D.
Feb 1999 (50 km?) 32.0) 15.0)

EisenEx Southern Ocean 0.06 2.00 —(20.0— —(15.0— 2.00 570—-660 N.D.
Nov 2000 (50 km?) 18.0) 12.0)

SOFeX-N  Southern Ocean N.D. 1.20 -26.0 —14.0 ~2.45 ~1356 N.D.
Jan-Feb 2002 (225 km?)

SOFeX-S Southern Ocean N.D. 0.70 -36.0 -21.0 ~3.50 ~756 76 (50 m)
Jan—Feb 2002 (225 km?) 123 (100 m)

EIFEX Southern Ocean 0.08-0.20 1.50 -30.0 -13.0 2.46 ~750 ~1 352 (100 m)*
Feb—Mar 2004 (167 km?)

SAGE Southern Ocean 0.09 3.03 8.0 25.0 0.70 360 N.D.
Mar—Apr 2004 (36 km?)

LOHAFEX Southern Ocean N.D. 2.00 —(15.0— N.D. 0.75 >600 ~32 (100 m)
Jan—Mar 2009 (300 km?) 7.0)

SEEDS-1 Subarctic North Pacific 0.05 2.90 —130.0 —58.0 20.9-21.0 1250 323 (50 m)
Jul-Aug 2001 (80 km?) 17 (100 m)

SERIES Subarctic North Pacific <0.10 >1.00 -850 —37.0 ~4.65 >1 700 ~342 (50 m)
Jul-Aug 2002 (77 km?) ~144 (100 m)

SEEDS-2  Subarctic North Pacific 0.17 1.38 ~—=6.0 N.D. 2.20 >610 290 (40 m)
Jul-Aug 2004 (64 km?) 21 (100 m)

FeeP Subtropical North Atlantic* 0.20—0.40 3.00 N.D. ~-1.0 0.01 N.D. N.D.

Apr—May 2004 (25 km?)
N.D.: not detected; *: LNLC region; *: values of export flux (carbon output) in brackets correspond to the depth of
measurement. The significant increase of AExport flux was only found in experiment “EIFEX”.
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