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Data & 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

- MOM4pl1l-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

Longwave flux, Specific humidity,

Surface Wind (6hr) Surface temp., Shortwave flux,

- Shortwave penetration (Manizza et al., 2005)

1(2) =1(0) * (Frog*eXp(K g 2) + Fipe*eXp(-Kyye 2) + Fi*exp(-Kig 2))
[Attenuation coeff. : Ky = Ky pure + Xy -ChIEV]



Model Performance
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Model Performance

SST CORR. (Model-Obs) 1951~2010
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ENSO-related variability

ODbs. (1997-2009) Model (1951-2010)

(b) EOF1 (20.8%) — Obs. oy l2) EOF1 (23.3%) — Model
ON T = e ‘ X E= ; : : : ‘
3 ‘ ‘ kz\(j 2ONA{ B R B —
‘ 1ON{
EQ ™ - |
g 1osf§’fs """"" S a ‘
] ZOSV\ 3 . ° .
T | ; | | 308 :
140E 160E 180  160W 140W 120W 100W 140E
(d) EOF2 (10.8%) — Obs.
30N T— : $>§\ ‘
L T S S\
1ONH - e 4 . 10N A
R — | . s EQ-
J : v ) b
10S {7 R T8 10S s
05| g — s\
308 ; ; : ; : ; 308 ; ; — ; ;
140E  160E 180  160W 140W 120W 100W 140E  160E 180  160W 140W 120W 100W

(b) Lag. Corr. PC1—PC2 (1997—-2009)

(a) Lag. Corr. PC1—PC2 (1951—2010)

064

= e}

© ©

© T)

— ~

5 & o024 R

o (9]
o MW

24 —18 -12 -6 0 6 12 18 24 24 18 -12 -6 0 6 12 18 24

Lag (Month) Lag (Month)



ENSO-related variability
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Biological Feedback

» Experimental Design

Mom4pl
(Hindcast run: 1951-2010)
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Biological Feedback - Mean
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Biological Feedback - Mean

Diff. in MLD (CHL.onﬁ— CHL.0)
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Biological Feedback

» Test experiment

. “CHL.off” followed by “CHL.on”
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Biological Feedback - STDV
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Biological Feedback - STDV
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Summary

> Major modes of chlorophyll are associated with the mature phase
and the transition phase of El-Nifio. = Confirmed by Model!

» Chlorophyll modifies the mean state

Enhanced Increase Enh d
Surface in ANaNce Increase SST
: o Poleward - :
waliming Stratifica Shallower s : In cooling
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cooling — — e

> Chlorophyll changes the ENSO amplitude \
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CHL impact on ENSO skewness
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Model experiments
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Model Performance
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CHL impact on Mean state
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Temp. Diff. (CHL.on — CHL.O)
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CHL impact on ENSO magnitude

> Shoaling THCD = ENSO 4
» Cool SST in EP & ENSO V¥

S o



CHL impact on ENSO skewness
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WP vs. CT El Nino
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Model Performance
Model OBS

- (a) CHL climatology — Model (b) CHL climatology — OBS
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Asymmetric response to ENSO
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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 EI-Nino during winter and the decaying phase of EI-Nifio during summer.

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

Equatorial Pacific

Western Central Eastern
Nutrient Solar radiation Nutrient
(insufficient light) (sufficient light)

Nonlinear response of ocean biology'o the EI-Nifio and La-Nifa.

Strong Weak
nonlinearity nonlinearity

» Chlorophyll variations associated with ENSO give the ~ 2 W/m?#/1op,
shortwave flux feedback on the equatorial Pacific.
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