
Mark D. Ohman

Scripps Institution of Oceanography

California Current Ecosystem (CCE) LTER

Marine ecosystem responses to climate change 

Grand Challenge: Climate change



“The equilibrium-based theoretical and 

observational tools that were commonly used in 

previous decades have poorly equipped the 

discipline to address the realities of a dynamic 

and changing ocean environment.”

“Ocean Sciences at the New Millenium”
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California Current Ecosystem
A coastal upwelling biome



Year

20th century – an anomalous century

D.B. Field (2004)
SIO Ph.D. thesis 

Planktonic

foraminifera

from varved sediments,

S.B. Basin

California Current

Kasten cores
(~600-1900 A.D.)

Box cores
(~1750-2000 A.D.)



Year

P
C

 s
c
o
re

 

(s
ta

n
d
a
rd

iz
e
d
)

D.B. Field (2004)  SIO Ph.D. thesis 

Tropical + Subtropical species

Temperate + Polar species

T. quinqueloba

G. ruber

Late 20th century
an unprecedented, deep, penetrative ocean warming
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Biondi et al. 2001 
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Interacting long-term processes in the NE Pacific
20th-21st centuries

Scripps Pier Temperature

El Niño
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What are the consequences of these changes 
for ocean ecosystems in the 20th & 21st centuries ?

How can we predict future trajectories of ocean ecosystems, 

when processes interact on multiple scales, 

often in a nonlinear manner ?
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SIO Pier Temperature

CalCOFI Zooplankton Biomass

Springtime cruises; 
night samples only

Time to stop

measurements?



SIO Pier Temperature

CalCOFI Zooplankton Biomass
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Nitracline Depth vs. Time
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El Niño (and lower frequency?) effects on nitracline depth

El Niño

Spatial variations
as an analog
of temporal change



Multi-decadal forcing and ecosystem responses 

Ohman and Venrick 2003
Lavaniegos and Ohman 2003
Brinton and Townsend 2003

Building on 57
years of the 
CalCOFI
program



Stability 
Landscapes

Scheffer et al.,  Nature



Do pelagic ecosystems exhibit such nonlinear, threshold 

dynamics ?



Time scale Physical variable Best q D r Nonlinear? N p-value

weekly Scripps Pier SST 0 0 NO 4226 1

monthly Scripps Pier SST 0 0 NO 984 1

monthly Pacific Grove SST 0 0 NO 945 1

monthly Farallones SST 0 0 NO 764 1

monthly PDO 0 0 NO 1248 1

monthly NPI 0 0 NO 1260 1

monthly SOI 0 0 NO 852 1

quarterly Scripps Pier SST 0 0 NO 328 1

quarterly PDO 0 0 NO 416 1

quarterly NPI 0 0 NO 420 1

quarterly SOI 0 0 NO 284 1

annual Scripps Pier SST, composite 0 0 NO 984 1

annual PDO, composite 0 0 NO 1248 1

annual NPI, composite 0 0 NO 1260 1

annual SOI, composite 0 0 NO 852 1

q = nonlinear tuning parameter,     D r = improvement in forecast skill  (nonlinear - global linear model)

Physical time series from the North Pacific

Hsieh et al. (2005)  Nature, in press

S-map method

Exhibit characteristics of linear red noise 



Time scale Biological variable Best q D r Nonlinear? N p-value

weekly Scripps Pier diatoms 0.3 0.139 * YES 830 < 0.01

monthly Scripps Pier diatoms 0.05 0.083 YES 206 0.134

quarterly CalCOFI coastal larval fish 1.6 0.031 * YES 3220 < 0.01

quarterly CalCOFI coastal-oceanic larval fish  0.6 0.017 YES 1400 0.164

quarterly CalCOFI oceanic larval fish 1.4 0.020 * YES 4760 0.04

biannual CalCOFI copepods 1.2 0.027 YES 1736 0.078

annual CalCOFI copepods 0.4 0.015 YES 868 0.322

annual CalCOFI coastal larval fish 0.6 0.060 * YES 805 0.038

annual CalCOFI coastal-oceanic larval fish   0.2 0.092 YES 350 0.063

annual CalCOFI oceanic larval fish 0.6 0.017 YES 1190 0.273

annual Chinook 0.4 0.44 * YES 63 < 0.01

annual Coho 0.3 0.117 YES 63 0.212

annual Chum 0.175 0.767 * YES 63 < 0.01

annual Steelhead 0.2 0.272 YES 63 0.118

annual Sockeye 0.7 0.168 YES 63 0.168

annual Composite salmon and trout 0.3 0.078 YES 315 0.148

q = nonlinear tuning parameter,     D r = improvement in forecast skill (nonlinear - global linear model)

Biological time series from the North Pacific

 Expect nonlinear biological responses to linear environmental forcing

Hsieh et al. (2005)  Nature, in press
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Ecosystem Model

Independent

verification

CalCOFI in situ

Di Lorenzo, E., A. J. Miller, D. J. Neilson, B. D. Cornuelle, and J. R. Moisan (2003)

A critical tool for data assimilation
and developing forecasting potential

Coupled bio-physical models



Summary

 The 20th-21st century ocean environment is anomalous
w.r.t. to the preceding 1400 years

 Ocean processes act on multiple, interacting scales,
necessitating a long-term commitment to understanding
(& forecasting) ecological effects of climate change.

 Linear physical forcing can lead to nonlinear ecological responses
 A mechanistic understanding of ecosystem responses 

(including threshold effects) is essential.

Grand Challenge: Climate change
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