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Schematic of Pacific Oceanic Response to
Decadal Forcing by the Aleutian Low

North Pacific Ocean Decadal Variations
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Canonical Pattern of Decadal SST Response
(Aleutian Low Strengthening)

Schematic

Canonical Pattern of Decadal SST Response

From Miller, Chai, Chiba, Moisan and Neilson (2004, J Oceanogr.)




Lagged Pattern of Decadal SST Response
(Aleutian Low Strengthening)

Schematic

-" Driven by thermocline changes
via wind-stress curl

Lagged Pattern of Decadal SST Respdnée

From Miller, Chai, Chiba, Moisan and Neilson (2004, J Oceanogr.)




Basin-Scale Pattern of Decadal Thermocline Response
(Aleutian Low Strengtherning)

Schematic

: (gelale =
‘ . Lagged response in west due to

Rossby wave propagation

From Miller, Chai, Chiba, Moisan and Neilson (2004, J Oceanogr.)




Sources of North Pacific Decadal Variability

1. Tropical Teleconnections (requires tropical decadal mechanism)
a. Atmospheric (ENSO-like)
- canonical SST pattern
- basin-scale thermocline response
b. Oceanic (ENSO-like)
- eastern boundary thermocline response



Simple ENSO-forced PDO Model (Newman et al., 2003, J Climate)

PDO Index = ENSO Index + SST Persistence + Noise

Forecast vs. observed PDO

== Observed
mfem Forecast

~50% variance _

_4 L L L L |1 L L L L L
1800 1810 1820 1830 1940 1850 1860 1870 1880 1940 2000
ear

Power spectra

But observed spectrum has more decadal power
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.......... [Reconstruction - Reconstruction of PDO Index

based on time integration of
several index time series

low-freq
Total 85% 5%

NINO3.4 36% 20%

North Pacific 37% 30%
Index

%  25%

Pave - KOE-2 nil nil
1950 1960 1970 1980 1990 2000

(Schneider, 2004, in prep)
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North Pacific
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suggesting common
forcing or tropical
origin of decadal
signal

Deser et al., J Climate
In press.




Specral content and coherence
between N Pacific Index (zonal wind)
and Tropical Index (composite)

'Tmpm Strong peaks and strong coherency
Index In ENSO and decadal bands
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Deser et al., J. Climate, in press




Sources of North Pacific Decadal Variability

1. Tropical Teleconnections (requires tropical decadal mechanism)
a. Atmospheric (ENSO-like)
- canonical SST pattern
- basin-scale thermocline response
b. Oceanic (ENSO-like)
- eastern boundary thermocline response

2. Subduction Modes

3. Midlatitude Gyre Modes



Subduction Mode
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Atmospheric Response

Midlatitude Gyre Mode

Gyre Ciculation Change

Schematic of the
Gu-Philander class
of decadal mode

Schematic of the
Latif-Barnett class
of decadal mode

Miller et al., 2003,
Bull. Am. Meteorol. Soc.




Response of ENSO to upwelling spiciness anomalies

_[_/,}C EOF 1 (Schneider, J Climate, 2004)
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Subduction Mode

Atmospheric Response

Subsurface flow ﬁ

—

Equatonal Upwellin

Midlatitude Gyre Mode

Gyre Ciculation Change

Schematic of the
Gu-Philander class
of decadal mode

Schematic of the
Latif-Barnett class
of decadal mode

Miller et al., 2003,
Bull. Am. Meteorol. Soc.
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Basin-wide wind stress
curl drives Rossby
wave model

Rossby waves change
the upwelling and
currents (Qiu, 2003)

in the KOE during winter

Quantified forecast skill
up to 3 years in advance

1950 1960 1970 1 982 01 9{?0 D Schneider and Miller, 2001, J Climate




Hindcast skall

C. RWM, S5T/"K. 3 mo. avg.

Hindcast skill

of simple Rossby
wave model
predicting

winter SST

KOE Pattern is
Important in

its feedback to the
atmopshere and
potential in
predicting
ecosystem
response in KOE

Schneider and Miller, 2001
J. Climate




Quarent ¥S. SST, JFM

Relation between
SST and surface heat
fluxes in KOE reveals
ocean forcing
atmosphere,

much like in tropics
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Schneider, Miller and Pierce
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Model, Precip. vs. 55T, JFM
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KOE SST is correlated
with local

regional rainfall

over the ocean in

this coupled model,
and probably for obs.

Understanding how
the downstream
atmopshere behaves
In response to this

IS vital to deterimining
If decadal gyre mode
feedback loops exist.




Schematic of Qiu (2004) Rossby Wave timescale selection
Rossby wave wavelength depends on latitude
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Sources of North Pacific Decadal Variability

1. Tropical Teleconnections (requires tropical decadal mechanism)
a. Atmospheric (ENSO-like)
- canonical SST pattern
- basin-scale thermocline response
b. Oceanic (ENSO-like)
- eastern boundary thermocline response

2. Subduction Modes
3. Midlatitude Gyre Modes
4. Stochastic Forcing
- oceanic spectral peaks possible

- predictable components possible

5. Deterministic Forcing
- solar cycles, greenhouse gases



Summary of Some Regional Ecosystem Impacts
Organized by Pacific Decadal Variability
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Adapted from Yasuda et al., 1999, Fish. Oceanogr.




Ecosystem response processes in KOE on long timescales
Strengthened Aleutian Low

- Aleutian Low Pressure System SCCTTTRTTETE o

cess with several years /a
process without year lag Vs Al .

winter

wind stress = 04, Stmﬂg

strong

winter 14
surface layer mixing ‘
extensive north (light-limited)
spring primary production: low

sardine stock: increase k===« oL
=W sardine egg dispersal: successful
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winter primary production: d KE cun-enffagrer
low .= SST anomaly of KE: negative
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Miller, Chai, Chiba, Moisan and Neilson, J. Oceanogr., 2004




AMPLITUGE

Physical-Biological Hindcast of Pacific Ocean Decadal Variability

First EOF of Combined Thermocline, Phyto-, and Zooplankton fields
F‘CE’M% 342 TEMPERATLIRE

1970

1980 12390 180 200 220 240 260
YEAR

LARGE4SMALL FHYTO LARGE+SMALL 200

140 180 182 200 220 240 280 200 220 240 280

Miller, Chai, Chiba, Moisan, and Neilson, J. Oceanogr., 2004



Physical-Biological Hindcast of Pacific Ocean Decadal Variability

First EOF of Combined SST, Phyto-, and Zooplankton fields
FCT 34%
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Subduction Mode with Biology

Atmospheric Response

Subsurface flow

Nutrients

Gyre Circulation Change

Schematic of the
Gu-Philander class

of decadal mode

with DMS aerosols and
phytoplankton

heat absorbtion
effects

Schematic of the
Latif-Barnett class

of decadal mode

with DMS aerosols and
phytoplankton

heat absorbtion
effects

Miller et al., 2003,
Bull. Am. Meteorol. Soc.




Directions....

Atmosphere
- Details of atmosphere response over KOE region
- Sensitivity to ocean biology: DMS aerosols
- Regional downscaling over mountains and coasts

Ocean

- Physical mechanisms of adjustment to forcing
- Lags and predictable compoments

- Changes in eddy statistics
- Sensitivity to ocean biology: phytoplankton absorbtion

Biology

- Organization of response by ocean patterns
- Lags and predictable components
- Distinguishing forced from intrinsic variations

...and Global Change effects on all these....




Effects of anthropogenic forcing on biological activity

Biological Model Phytoplankton [ mmol C/m? ]

Ratio, Year 2100/ Year 2000

Pierce, Climate Change, 2003, submitted




