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From Mantua



1st EOF of Topex/Poseidon Sea Surface Height:

Central N. PacificEquatorial



The Physical-Ecosystem Model

• Regional Ocean Model System (ROMS)
• 50 km spatial resolution forced with daily 

NCEP winds (Y. Chao)
• NPZD ecosystem embedded in the 

physical model – 2 phytoplankton and 2 
zooplankton groups (F. Chai)





Model SSH 1st EOF Satellite SSH 1st EOF



Top: Time- Latitude 
SeaWiFS Chlorophyll 
1998-2004 averaged 
over 175 E-175W long.

Bottom: Time-Latitude 
Model Phytoplankton, 
1998-2004 averaged 
over 175 E-175W long.



Model data extraction regions



1st EOF model SSH

1st EOF model 0-100m 
temperature



1st EOF Nitrate +Silicate 1st EOF Phytoplankton

1st EOF Zooplankton
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Time series of 
physical and 
biological 
variables at the 
northern 
boundary of the 
subtropical gyre 
(30-35N, 165E –
165W), 1990-
2004.



Time series of 
physical and 
biological 
variables at the 
northern 
boundary of the 
subtropical gyre 
(25-30N, 165E –
165W), 1990-
2004.



Time series of 
physical and 
biological 
variables at the 
northern 
boundary of the 
subtropical gyre 
(20-25N, 165E –
165W), 1990-
2004.



Temperature vs depth at 180,32N, 1999-2004



Nitrate vs Depth at 180, 32 N, 1990-2004



Temperature vs depth at 180, 25 N, 1990-2004



Nitrate vs Depth 180, 25 N, 1990-2004



i) Top 1990-
1996

ii) Middle 
1999-2002

iii) Bottom 
(1999-2002) 
minus 
(1990-1996)

Jan-Mar temperature-depth along 180 longitude



Jan-Mar nitrate-depth along 180 long:
Top 1990-1996, bottom 1999-2002



Satellite-derived 
winter surface 
chlorophyll in 
March 2000 (top) 
and March 2004 
(bottom) provide 
an example of 
interannual 
variation in 
northward extent 
oligotrophic 
waters. 



Dynamics of the Transition Zone Chlorophyll 
Front (TZCF) in winter



Locations of Midway 
Tide Gauge Station 
and Station Aloha



Midway
Tide Gauge 
Time Series, 
1945-2004





Summary – The Event

• 1999-2002 rise in SSH in CNP was likely a 
mid-latitude La Nina response.

• This event impacted the northern portion 
of the gyre (25-35 N latitude) and resulted 
in a substantial drop in nutrients, 
phytoplankton, and zooplankton

• A drop in SSH would likely have opposite 
impacts – higher biological productivity



Summary – The mechanism
• At the northern edge of the gyre (30-35 N 

latitude) there was a northward expansion 
of oligotrophic waters that increased 
vertical stratification, and depressed the 
nutrient-depth distribution– all reducing 
nutrient flux and plankton production.

• At 25-30 N lat., there was increased 
vertical stratification and depression of the 
nitrate-depth distribution both which 
reduced winter nutrient flux and plankton 
production. 



Summary – Historical context
• Midway tide gauge data indicate that rise and fall 

of SSH occurs on interannual and decadal 
scales.

• The substantial drop in Midway sea level 1977-
1985 explains declines in productivity in sea 
birds, Monks Seals, etc in NWHI observed in 
late-1980s. 



Summary - Monitoring

• Coupled models are a valuable diagnostic 
tool and offer potential for near-real time 
monitoring and forecasting.

• Satellite-derived indices of SSH and TZCF 
provide indicators of ecosytems dynamics 
in northern subtropical gyre.
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