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Data & Model descriptionData & Model description
Observational Data

- Chlorophyll (measure of upper-ocean phytoplankton)
: Sea-viewing Wide Field-of-view Sensor (SeaWiFS)              :  SEP1997~ DEC2007
: Moderate Resolution Imaging Spectroradiometer (MODIS)  :  JAN2008~ DEC2009

Model
- MOM4p1-TOPAZ :  global ocean  +  ice  +  biogeochemistry model
- TOPAZ (Tracers in the Ocean with Allometric Zooplankton)

: Considers 25 tracers (3 phytoplankton groups, organic matter, C, N, P, Si, ....,)
- Forced experiment (1951- 2010) 

Realistic Boundary forcing Climatological forcing

Surface Wind (6hr) Longwave flux, Specific humidity, 
Surface temp., Shortwave flux,

- Shortwave penetration (Manizza et al., 2005)
:  I (z) = I (0) * ( Fred *exp(-kred z) + Fblue *exp(-kblue z) + FIR *exp(-kIR z) ) 

[Attenuation coeff. : k(λ) = ksw(λ)_pure + χ(λ) ·Chla(λ)]



Model PerformanceModel Performance
Obs. (SeaWiFS+MODIS) Model



Model PerformanceModel Performance
1951~2010 1997~2009



ENSOENSO--related variabilityrelated variability
Obs. (1997~2009) Model (1951~2010)



ENSOENSO--related variabilityrelated variability
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Experimental Design

Biological FeedbackBiological Feedback

Higher CHL 
climatology !



Biological Feedback Biological Feedback --  MeanMean
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Higher CHL 
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Mean Difference
: “CHL_on” - “CHL_0”
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Biological FeedbackBiological Feedback
Test  experiment

:  “CHL.off” followed by “CHL.on”



Biological Feedback Biological Feedback --  STDVSTDV

“ENSO amplifying effect
by shoaled thermocline

 
depth”

“ENSO damping effect
by Interactive CHL “
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Biological Feedback Biological Feedback --  STDVSTDV

ENSO 
damping effect 
by interactive CHL 

with ENSO
(~3%)  

ENSO 
amplifying effect 

by mean CHL
(~19%)

ENSO 
amplifying effect 

by mean CHL
(~19%)



SummarySummary
Major modes of chlorophyll are associated with the mature phase 
and the transition phase of El-Niño. Confirmed by Model!
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Thank you.



CHL impact on ENSO skewnessCHL impact on ENSO skewness
MOM4

“Intensified nonlinear dynamic heating due to more sensitive 
upwelling response to the same wind”

Biologically-induced 
shallower MLD

?
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OBS MOM4 CM2.1

Model PerformanceModel Performance

Sea-viewing Wide Field-of-view Sensor 
(SeaWiFS) :  SEP1997~ DEC2007
Moderate Resolution Imaging 
Spectroradiometer
(MODIS) : JAN2008 DEC2010





CM2.1

MOM4

CHL impact on Mean stateCHL impact on Mean state



MOM4 CM2.1



CM2.1



“ENSO amplifying effect
by shoaled thermocline depth”

MOM4
CHL impact on ENSO magnitudeCHL impact on ENSO magnitude

CM2.1

“ENSO damping by reduced 
atmospherice feedback



Shoaling THCD ENSO

Direct heating  ENSO

Cool SST in EP ENSO

CHL impact on ENSO magnitudeCHL impact on ENSO magnitude



CHL impact on ENSO skewnessCHL impact on ENSO skewness
MOM4CM2.1

“Intensified nonlinear dynamic heating due to more sensitive 
upwelling response to the same wind”

Biologically-induced 
shallower MLD
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Growth-control factors

SST SSTPrecip.

Park et al. 2011



Asymmetric response to ENSO

Park et al. 2011



Summary
Biological perturbation is associated with the ENSO in the equatorial region.

First two leading modes of chlorophyll are associated with the mature phase 
of El-Niño during winter and  the decaying phase of El-Niño during summer. 

Growth-control factors
(ocean circulation, mixed-layer dynamics, and incoming shortwave radiation.)

Nonlinear response of  ocean biology to the El-Niño and La-Niña.

Chlorophyll variations associated with ENSO give the ~ 2 W/m2/1σPC1
shortwave flux feedback on the equatorial Pacific.
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