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Subarctic 

Ecosystem 
Response to Iron 
Enrichment Study



SERIES Experiment
• The subarctic NE Pacific is a HNLC region where 

the micronutrient Fe is considered to regulate 
phytoplankton growth.

• SERIES was carried out in July and August 2002, 
with 3 ships following the bloom continuously from 
9 July to August 3.

• The objective of proposed large scale fertilization 
of the open ocean is to sequester atmospheric CO2
and transport it to the ocean interior away from 
contact with the surface.



SERIES Iron Concentrations:
rapid loss of Fe  ~3 days

2nd addition

Courtesy C.S. Wong



Patch Persists 29 July (20 days later)
from SeaWiFS Satellite

Courtesy of J. Gower, IOS



•• Purposeful iron fertilization experiments Purposeful iron fertilization experiments 
increase our understand of ecosystem increase our understand of ecosystem 
responses to increased iron supplyresponses to increased iron supply

•• Stimulate development of better process Stimulate development of better process 
modelsmodels



Objectives
Develop a model to explore the planktonic ecosystem and 
biogeochemical response to the 2002 SERIES experiment.

• Simulate with the same model and parameter set 
both the ‘average’ annual cycle at OSP and the 
SERIES experiment. 

• Understand the role of iron fertilization in changing 
(i) the main plankton functional group 
(ii) the macronutrient fields of N and Si
(iii) the inorganic carbon system (including surface ocean 

pCO2). 



Ecosystem Model for SERIES
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Model Details
•• NN & SiSi are currencies of ecosystem model

•• CC cycle coupled with constant C:N ratio

• Growth PPSS ~  MIN (LPAR , LN , LLFe1Fe1)

• Growth PPLL ~  MIN (LPAR , LN , LLSiSi , LLFe2Fe2)

• A constant fraction of PPS  S  are calcifiers

• Ecosystem carbon model coupled to inorganic carbon 
model (DIN, PIC, pCO2 and alkalinity)

• No patch spreading or dilution

• Coupled to a 1-D mixed layer model, 60 depth layers, 
each 2 m thick



‘Average’ Annual Cycle: No Fe Fertilization
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PL



Modelling the SERIES Fertilization Experiment

(Courtesy C.S. Wong)

Time course of Fe growth 
limitation functions

Modelled with LFe1 = LFe2 = 1, 
then falling off to previous level 
as a cosine function for 10 to 20 
day periods

The patch was fertilized 
twice: on 9 and 16 July

rapid loss of Fe  ~3 days

SERIES Iron Concentrations



Modelling the SERIES Fertilization Experiment

(Courtesy C.S. Wong)SERIES Iron Concentrations
The patch was fertilized 
twice: on 9 and 16 July

rapid loss of Fe  ~3 days

Time course of Fe growth 
limitation functions

Modelled with LFe1 = LFe2 = 1, 
then falling off to previous level 
as a cosine function for 10 to 20 
day periods



‘Average’ Annual Cycle:‘Average’ Annual Cycle:
• Iron limitation is set as a constant value limiting the growth rate of 

each phytoplankton class when other limitation functions are 
greater.

• A constant limitation function implicitly assumes an unchanging 
upper ocean concentration of dissolved Fe.

During SERIES:During SERIES:
• Iron limitation function varied according to the concentration of 

Fe assuming an exponential decay of dissolved Fe with time scale
of 4 days.

• Iron cycle is not simulated explicitly but its effect on the growth 
rate of phytoplankton is explicitly parameterized.



SERIES Fertilization on 9 July - Si:N=2
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Fe Fertilization – Unperturbed Annual Cycle
RSi:N = 2

Simulated drawdown of surface pCO2
450

400

350

300

pC
O

2
(µ

at
m

)

SERIES
Atm PCO2

unperturbed

The modelled gas exchange anomaly relative to outside the patch was 
0.12 mol-C m-2, close to the estimate from observations of 0.1 mol-C m-2



Sensitivity Analyses – Response to Fe fertilization
RSi:N diatom uptake ratio

R S i:N = 2 .5
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• Only when RSi:N = 1, Si does 
not limit the diatom bloom

• When RSi:N > 1 significant Si
limitation of diatom primary 
production develops

• This Si limitation is 
associated with a smaller 
drawdown of NO3



Sensitivity of modelled pCO2 drawdown to Fe 
fertilization
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For Si:N = 2.5, pCO2 was  
higher than in the case with 
no fertilization

For all other simulations 
the pCO2 anomaly is 
negative but small

Increasing Rcp causes the 
pCO2 drawdown 
associated with fertilization 
also to increase 



Summary

• We were able to simulate the major biogeochemical 
responses to the SERIES fertilization experiment 
while maintaining a realistic simulation of the 
‘normal’ annual cycle at OSP.

• However, the simulated peaks of both PS and PL, of Si
drawdown, and of the sinking of C and Si particles all 
occur earlier than observations.

• The required addition of more processes to the model 
can lead to difficulties in reproducing annual cycles



Summary

• Simulations of the fertilization response show little 
sensitivity to the assumed fraction of PS that are 
calcifiers, but a strong sensitivity to the assumed diatom 
uptake ratio of Si:N

• We are searching for techniques that will allow us to 
constrain parameter values so as to fit short term 
intensive ‘experiments’ and the annual cycle 
simultaneously



Critical Gap in Knowledge:

PhytoplanktonPhytoplankton
How does Fe availability changes:

– Si:N uptake ratios
– C:Chl ratios 
– Production and sinking of diatoms aggregates

Annual cycles of ‘functional groups’ (e.g. diatoms 
and calcifying organisms)

MicrozooplanktonMicrozooplankton
• what organisms comprise the microzooplankton?
• what is their annual cycle?
• What is their food preference?



Thank you !



Conclusions

Sustained large scale fertilization not Sustained large scale fertilization not 
feasible,  feasible,  because:because:

• Soluble Iron disappears in about 10 days or less
• Patch visible from satellite after a month 

suggests little sinking, i.e. little sequestration of 
Carbon

•• The Scaling Challenge:The Scaling Challenge: It is a major 
oceanographic mission to fertilize ~100 km2 for 
two weeks
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