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Question…QuestionQuestion……
How do the various scales of 

climate variability project onto 
marine ecosystems (chlorophyll) ?

How do the various scales of How do the various scales of 
climate variability project onto climate variability project onto 

marine ecosystems (chlorophyll) ?marine ecosystems (chlorophyll) ?

•• Difficult to resolve because of different scales of Difficult to resolve because of different scales of 
climate data and ecosystem dataclimate data and ecosystem data

•• Climate data generally covers larger spatial scales Climate data generally covers larger spatial scales 
and longer temporal scales than ecosystem data and longer temporal scales than ecosystem data 
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Different spatial patterns of temporal changeDifferent spatial patterns of temporal changeDifferent spatial patterns of temporal change

from Peterson & from Peterson & Schwing Schwing [2003][2003]

SSTSST

SLPSLP

NJF:            1970-76 1977-1983 1999-2003NJF:            NJF:            19701970--7676 19771977--19831983 19991999--20032003
Cool PDO Warm PDO Cool PDOCool PDOCool PDO Warm PDOWarm PDO Cool PDOCool PDO
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Different frequencies of temporal variabilityDifferent frequencies of temporal variabilityDifferent frequencies of temporal variability

* from Bond et al. [2003]* * from Bond et al. [2003]from Bond et al. [2003]

* (annual values)

(monthly values)

(monthly values)
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Dilemma…DilemmaDilemma……

How to address the question of both How to address the question of both 
temporal and spatial variability with:temporal and spatial variability with:

•• TraditionalTraditional timeseries timeseries datasets with long datasets with long 
time scales, but sparse spatial resolutiontime scales, but sparse spatial resolution

•• Satellite datasets with high temporal and Satellite datasets with high temporal and 
spatial resolution, but existing for only  spatial resolution, but existing for only  
relatively short timescalesrelatively short timescales
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OutlineOutlineOutline
•• BioBio--physical coupling & chlorophyllphysical coupling & chlorophyll
•• Examine basinExamine basin--scale variability in chlorophyll and scale variability in chlorophyll and 

biobio--physical coupling with: physical coupling with: 
-- SeaWiFS (1997SeaWiFS (1997--2004): El Ni2004): El Niñño dynamicso dynamics
-- SeaWiFS & CZCS (1979SeaWiFS & CZCS (1979--1986):  TZCF1986):  TZCF

•• Summarize previous work looking at chlorophyll Summarize previous work looking at chlorophyll 
variability across different temporal & spatial variability across different temporal & spatial 
scales (nonscales (non--satellite) satellite) 

•• Indications of climateIndications of climate--scale variability in scale variability in 
chlorophyll data?chlorophyll data?



October 24, 2004 PICES XIII, CLIVAR workshop

Part IPart IPart I

BioBio--physical coupling physical coupling 
and chlorophylland chlorophyll

Seasonal DynamicsSeasonal Dynamics



October 24, 2004 PICES XIII, CLIVAR workshop

Regional differences in bio-physical coupling Regional differences in bioRegional differences in bio--physical coupling physical coupling 

Negative chlorophyllNegative chlorophyll--thermocline correlation thermocline correlation 
Wilson & Coles, submitted, 2004Wilson & Coles, submitted, 2004

Thermocline

Chlorophyll 

∆Chl: +     ∆ Thermocline: – ∆Chl: – ∆Thermocline: +

Deep nutrients

Upwelling scenario
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Regional differences in bio-physical coupling Regional differences in bioRegional differences in bio--physical coupling physical coupling 

Different relationships between chlorophyll & thermocline depth Different relationships between chlorophyll & thermocline depth 
between the tropics, midbetween the tropics, mid--latitudes and subpolar regions.latitudes and subpolar regions.

Wilson & Coles, submitted, 2004Wilson & Coles, submitted, 2004
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Regional differences in bio-physical coupling Regional differences in bioRegional differences in bio--physical coupling physical coupling 

Negative chlorophyllNegative chlorophyll--thermocline correlation thermocline correlation 
Wilson & Coles, submitted, 2004Wilson & Coles, submitted, 2004

Thermocline

Chlorophyll 

∆Chl: +     ∆ Thermocline: – ∆Chl: – ∆Thermocline: +

Deep nutrients

Upwelling scenario
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Regional differences in bio-physical coupling Regional differences in bioRegional differences in bio--physical coupling physical coupling 

Positive chlorophyllPositive chlorophyll--thermocline correlation thermocline correlation 
Wilson & Coles, submitted, 2004Wilson & Coles, submitted, 2004

Nutricline

Chlorophyll 

Thermocline

∆ Chl: – ∆Thermocline: – ∆Chl: +  ∆ Thermocline: +

Entrainment scenario
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Regional differences in bio-physical coupling Regional differences in bioRegional differences in bio--physical coupling physical coupling 

Negative chlorophyllNegative chlorophyll--thermocline correlation thermocline correlation 
Wilson & Coles, submitted, 2004Wilson & Coles, submitted, 2004

Thermocline

ChlorophyllEuphotic Zone

∆ Chl: + ∆ Thermocline: – ∆Chl: – ∆Thermocline: +

Light limitation
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Regional differences in bio-physical coupling Regional differences in bioRegional differences in bio--physical coupling physical coupling 

Different relationships between chlorophyll & thermocline depth Different relationships between chlorophyll & thermocline depth 
between the tropics, midbetween the tropics, mid--latitudes and subpolar regions.latitudes and subpolar regions.

Wilson & Coles, submitted, 2004Wilson & Coles, submitted, 2004
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Part IIaPart Part IIaIIa

SeaWiFS VariabilitySeaWiFS Variability
19971997--20042004

El NiEl Niñño Dynamicso Dynamics
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Different frequencies of temporal variabilityDifferent frequencies of temporal variabilityDifferent frequencies of temporal variability

* from Bond et al. [2003]* * from Bond et al. [2003]from Bond et al. [2003]

**
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Chlorophyll Variability & El NiñoChlorophyll Variability & El NiChlorophyll Variability & El Niññoo

CHLCHL
Mode 1Mode 1
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SSH Variability & El NiñoSSH Variability & El NiSSH Variability & El Niññoo

SSHSSH
Mode 1Mode 1
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SST Variability & El NiñoSST Variability & El NiSST Variability & El Niññoo

SSTSST
Mode 1Mode 1
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Bio-physical CouplingBioBio--physical Couplingphysical Coupling

SSHSSH

SSTSST

ChlorophyllChlorophyll
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Equatorial Chlorophyll VariabilityEquatorial Chlorophyll VariabilityEquatorial Chlorophyll Variability

CHLCHL
Mode 3Mode 3
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Iron & the EUCIron & the EUCIron & the EUC

Latitude (at 140Latitude (at 140°°W)W)

From From Coale Coale et al. [1996]et al. [1996]
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Chlorophyll Variability & El NiñoChlorophyll Variability & El NiChlorophyll Variability & El Niññoo
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Chlorophyll Variability & El NiñoChlorophyll Variability & El NiChlorophyll Variability & El Niññoo

SeaWiFS Chlorophyll Mode 3 Temporal ComponentSeaWiFS Chlorophyll Mode 3 Temporal Component
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Bio-physical CouplingBioBio--physical Couplingphysical Coupling

SSHSSH

SSTSST

ChlorophyllChlorophyll

22°°

22°°

33°°
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Bio-physical CouplingBioBio--physical Couplingphysical Coupling

SSHSSH

SSTSST

ChlorophyllChlorophyll

33°°

33°°

33°°
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Temporal ComponentsTemporal ComponentsTemporal Components

SST 2SST 2°°
SST 3SST 3°°
SSH 2SSH 2°°
SSH 3SSH 3°°
CHL 3CHL 3°°
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Part IIbPart Part IIbIIb

CZCS (1979CZCS (1979--1986)1986)
versus versus 

SeaWiFS (1997SeaWiFS (1997--2004)2004)

TZCF variabilityTZCF variability
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SeaWiFS (97-04) versus CZCS (79-85)SeaWiFS (97SeaWiFS (97--04) versus CZCS (7904) versus CZCS (79--85)85)
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Transition Zone Chlorophyll Front (TZCF)Transition Zone Chlorophyll Front (TZCF)Transition Zone Chlorophyll Front (TZCF)

from Bograd et al. [2004]from Bograd et al. [2004]

Seasonal variabilitySeasonal variabilitySeasonal variability

ENSO variabilityENSO variabilityENSO variability
La Niña

summer winter

El Niño

The TZCF is an important 
migratory and foraging 
pathway in the North Pacific.

The TZCF is an important The TZCF is an important 
migratory and foraging migratory and foraging 
pathway in the North Pacific.pathway in the North Pacific.

Interannual variability??Interannual variability??Interannual variability??
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July TZCFJuly TZCFJuly TZCF

CZCS (1979CZCS (1979--1986)1986)

SeaWiFS (1997SeaWiFS (1997--2004)2004)

SeaWiFS SeaWiFS 
TZCF positionTZCF position

CZCS TZCF CZCS TZCF 
positionposition
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January TZCFJanuary TZCFJanuary TZCF

CZCS (1979CZCS (1979--1986)1986)

SeaWiFS (1997SeaWiFS (1997--2004)2004)

SeaWiFS SeaWiFS 
TZCF positionTZCF position

CZCS TZCF CZCS TZCF 
positionposition

Winter position of TZCF was ~5Winter position of TZCF was ~5°°
further south between 1979further south between 1979--1985 1985 
than it is nowthan it is now
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Long-term TZCF variability LongLong--term TZCF variability term TZCF variability 

from Bograd et al. [2004]from Bograd et al. [2004]

Latitude of the 18Latitude of the 18°°C SST C SST isoplethisopleth, a proxy for the TZCF, a proxy for the TZCF

CZCS CZCS SeaWiFS SeaWiFS 
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Long-term TZCF variability LongLong--term TZCF variability term TZCF variability 
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Part IIIPart IIIPart III

Summary of regional studiesSummary of regional studies
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Summary of previous studiesSummary of previous studiesSummary of previous studies
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Summary of previous studiesSummary of previous studiesSummary of previous studies
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Chlorophyll increasing?Chlorophyll increasing?Chlorophyll increasing?

Some indications that 
chlorophyll is increasing...

Some indications that Some indications that 
chlorophyll is increasing...chlorophyll is increasing...
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from Venrick et al. [1987]fromfrom Venrick Venrick et al. [1987]et al. [1987]
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from Polovina et al. [1995]fromfrom Polovina Polovina et al. [1995]et al. [1995]
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vs. 
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19771977--8888
vs. vs. 

19601960--7676

Jan Jan Mar  May  Jul   Sep Mar  May  Jul   Sep NovNov

Winter Winter 
IncreaseIncrease

YearYear--round round 
IncreaseIncrease
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from Falkowski & Wilson [1992]fromfrom Falkowski Falkowski & Wilson [1992]& Wilson [1992]
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Chlorophyll decreasing?Chlorophyll decreasing?Chlorophyll decreasing?

But there are also indications 
that chlorophyll is decreasing...
But there are also indications But there are also indications 

that chlorophyll is decreasing...that chlorophyll is decreasing...
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from Sugimoto and Tadokoro [1998]from Sugimoto and Tadokoro [1998]from Sugimoto and Tadokoro [1998]
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from Karl et al. [2001]from Karl et al. [2001]from Karl et al. [2001]
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from Falkowski & Wilson [1992]fromfrom Falkowski Falkowski & Wilson [1992]& Wilson [1992]

D
ep

th
 (m

)
Increasing Secchi Depth
Decreasing Secchi Depth
Increasing Increasing Secchi Secchi DepthDepth
Decreasing Decreasing Secchi Secchi DepthDepth



October 24, 2004 PICES XIII, CLIVAR workshop

No Chlorophyll trend?No Chlorophyll trend?No Chlorophyll trend?

And in some places 
no clear trend...

And in some places And in some places 
no clear trend...no clear trend...
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from Polovina et al. [1995]fromfrom Polovina Polovina et al. [1995]et al. [1995]
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from Limsakul et al. [2001]from from Limsakul Limsakul et al. [2001]et al. [2001]

Winter 
Chlorophyll

Summer 
Chlorophyll

Winter Winter 
ChlorophyllChlorophyll

Summer Summer 
ChlorophyllChlorophyll

1975  1975  80  80  85  85  90 90 95 95 20002000
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from Sugimoto and Tadokoro [1997]from Sugimoto and Tadokoro [1997]from Sugimoto and Tadokoro [1997]
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from Sugimoto and Tadokoro [1997]from Sugimoto and Tadokoro [1997]from Sugimoto and Tadokoro [1997]

80 80 85 85 90 90 9494

Increase during Increase during 
19851985--1990 1990 
between 45between 45°°--5050°°NN

Data along 180Data along 180°°
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Chlorophyll decreasing…Chlorophyll decreasingChlorophyll decreasing……

Chlorophyll increasing?Chlorophyll increasing?Chlorophyll increasing?
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Chlorophyll increasing…Chlorophyll increasingChlorophyll increasing……

Chlorophyll increasing?Chlorophyll increasing?Chlorophyll increasing?
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No Chlorophyll trend…No Chlorophyll trendNo Chlorophyll trend……

Chlorophyll increasing?Chlorophyll increasing?Chlorophyll increasing?
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Part IVPart IVPart IV

ClimateClimate--scale variabilityscale variability
in biological datain biological data
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from Peterson & Schwing [2003]from from Peterson &Peterson & Schwing Schwing [2003][2003]

PDOPDO

Zooplankton (Zooplankton (CalCOFICalCOFI))

Coho SurvivalCoho Survival

Northern CopepodsNorthern Copepods
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from Venrick et al. [1987]fromfrom Venrick Venrick et al. [1987]et al. [1987]
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Ocean Temperature ChangesOcean Temperature ChangesOcean Temperature Changes

1950 1960 1970 1980 1990 2000
-3

3
-3

3
Station P (30m)

Station P (150m)

GAK (30m)

GAK (150m)

-3

3

winter PDO

Pribilof SST cycle

Pribilof SST

Cen. CC  (36N 123W 3

No. CC  (49N132W 75

Stratification  
  (36N 127W 20-125m)

Station P transport

0

0

0

• Bering Sea 
• cooling begins in 1979
• cyclic warming in 1972
• includes PDO signal

• Gulf of Alaska
• warming begins in 1972
• no clear change in 1976
• reflects transport increase

• California Current
• warming begins in 1972
• accelerates in 1976 
greater signal in south

• stratification may differ

From From Schwing Schwing et al, S1et al, S1--20962096



October 24, 2004 PICES XIII, CLIVAR workshop

from Venrick et al. [1987]fromfrom Venrick Venrick et al. [1987]et al. [1987]
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Temperature trends, 
from Schwing et al, 

S1-2096

Temperature trends, Temperature trends, 
from from Schwing Schwing et al, et al, 

S1S1--20962096
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from Gregg & Conkright [2002]from Gregg & from Gregg & Conkright Conkright [2002][2002]

Summer 
Difference

Autumn
Difference

Summer Summer 
DifferenceDifference

AutumnAutumn
DifferenceDifference
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from Gregg & Conkright [2002]from Gregg & from Gregg & Conkright Conkright [2002][2002]

Summer Difference (SeaWiFS - CZCS)Summer Difference (SeaWiFS Summer Difference (SeaWiFS -- CZCS)CZCS)

Decrease in Bering Sea  Decrease in Bering Sea  Increase off the west coastIncrease off the west coast
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Decadal DifferencesDecadal DifferencesDecadal Differences

1999-200319991999--20032003

ChlorophyllChlorophyll
(1997/2004) (1997/2004) -- (1979/86)(1979/86)

SST

SLP

SSTSST

SLPSLP
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Chlorophyll Variability - Long-term trendChlorophyll Variability Chlorophyll Variability -- LongLong--term trendterm trend

CHLCHL
Mode 2Mode 2
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Conclusions – specificConclusions Conclusions –– specificspecific

• Overall El Niño related chlorophyll decreases are coupled 
with increases in SSH and SST, the off-equatorial and is 
tied to SSH (thermocline) changes.  

• However, unlike SSH and SST, the timing of El Niño related 
chlorophyll changes are significantly different along the 
equator and in off-equatorial regions. 

• The annual southern position of the TZCF is tied to decadal 
climate variability such as the PDO and the Victoria Pattern.
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Conclusions – generalConclusions Conclusions –– generalgeneral

• Important to understand underlying bio-physical relationships 
before attempting to make sense of interannual (and longer) 
changes in biophysical coupling.

• Significant regional differences in the fundamental bio-
physical dynamics.

• Basin-scale patterns show clear regional scale differences –
emphasizing need for analyses on a spectrum of different 
scales. 
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Thanks!Thanks!


