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Effects of anthropogenic forcing on biological activity
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Observations along
the Southern California Coast
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Large scale Pacific Decadal mode of Variability (also known as PDO, NPO, PDV, ...)

positive phase negative phase

Mantua et al. (1997); Zhang et al. (1997);

1940 1960 1980 2000




Impacts on the Ecosystem
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Impacts on the Ecosystem
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Diagram of Mean Current
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Mean Surface Temperature
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Temperature and Salinity
are NOT correlated on decadal timescales
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Temperature and Salinity
are NOT correlated on decadal timescales
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Fundamental questions

Basic observations 1950-2000:

1 — observed warming trend of 1.0 degree C

2 —decline in zooplankton

3 —enhanced low frequency salinity variations

What are the physics that control the observed
temperature and salinity changes?

Are these temperature changes linked to global warming?

Can we identify mechanisms by which these physical
changes impact the ecosystem?




Strategy of Investigation

Interpret the coastal observation with the aid of:

1) Simple dynamical considerations based on
analysis of the hydrographic dataset.

2) anumerical ocean model, which can resolve the
relevant physical processes of this coastal environment.
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The Ocean Model

Regional Ocean Modeling System (ROMS)

Model solves the Primitive Equations for a stratified fluid
Horizontal Resolution: 9 km

Vertical Resolution: generalized sigma coordinate with 20 levels
Open Boundaries: North, West and South

Bathymetry: ETOPOS5 + Sandwell and Smith (TOPEX)

North Pacific Ocean
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Di Lorenzo (2003)




Limitations of the Observational Dataset
Satellite SST

Spatial and Temporal
sampling aliasing




The Ocean Model
Ocean Model SST Satellite SST
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Processes that control Temperature changes
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Processes that control Temperature changes

Mean Anomalous Local Surface .
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Temperature and Salinity
are NOT correlated on decadal timescales
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Differences in the dynamics
between Temperature and Salinity

Mean Anomalous Local Surface :
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Differences in the dynamics
between Temperature and Salinity
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Model to explain
Salinity decadal changes
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Anomalous Advection Model for Salinity
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Schneider, N., E. Di Lorenzo, and P. Niiler, 2004,
Salinity variations in the California Current, J. Phys. Oceanogr.,
in revision.




Processes that control Temperature changes
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Processes that control Temperature changes
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Processes that control Temperature changes
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Upwelling
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Alongshore Winds

Timeseries of Alongshore Wind Stress
a}veraged over Southern Callifornia

Equatorward ~--COADS

(upwelling favorable)

Poleward
(NOT upwelling favorable)

1957 1971 1984

year




Model dynamical response to the winds
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Local Heat Fluxes

Mean Local Surface .
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Upwelling and Local Surface Heat Fluxes
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Surface Net Heat Fluxes

Timeseries of surface net heat fluxes
averaged over Southern California
I I I I

80 :

60

| Oceanis Cooling

40

20

0

-20

-40

g

- VOceanisHeatringr R

-80

~-100 | | | 1 | 1 | 1 |
1945 1950 1955 1960 1965 1970 1975 1980 1985 1990




Upwelling and Local Surface Heat Fluxes
and Mean Advection
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Upwelling and Local Surface Heat Fluxes
and Mean Advection
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Heating

US West
Coast

=
Q
e}
3
D
-
D
(5}
=

[non dimensionall]

PC 1
=== PC 1 3-yr running mean
= Net Q 3-yr running mean

Cooling

-130 -125

1960
Longitude W




Local and Remote Heat Fluxes

Mean Local Surface :
Upwellin
Advection + Heat Fluxes + P J

Ocean Model Experiments

Mean Local Surface

Advection Heat Fluxes Upwelling

X
X




Latitude N

Latitude N

Latitude N

SSTa EOF 1 29 &
0.
0.
0.
0.
0
-0.
-0.
-128 -126 -124 -122 -120 -118
Longitude W
SSTa EOF 1 43 %
37 0.
36 0.
35
0.
34
33 A : 0.
32 0
31 ‘
' [EOF1
5| 43% Nl E

-128 -126 -124 -122 -120 -118
Longitude W

SSTa EOF 1 81 %

(€)

37
36
35
34
33
32
31
30

o O O o o o o o o

29

-128 -126 -124 -122 -120 -118
Longitude W

-0.5192 C (t))

ST =
3
SSTa PC 1
=== SSTa PC 1 8-yr lowpass
2r — SSTa 8-yr lowpass

s

-1
‘I PC1
-3
1950 1960 1970 1980 1990 2000
Year

3 T = -0.26338 C (d)
3

SSTa PC 1

= SSTa PC 1 8-yr lowpass

2r = SSTa 8-yr lowpass

A

I PC1
-3
1950 1960 1970 1980 1990 2000
Year

d T = 1.1415 C (f)
3

SSTa PC 1

== SSTa PC 1 8-yr lowpass

27 = SSTa 8-yr lowpass

-1

‘I PC1

-3

1950 1960 1970 1980 1990 2000
Year

Model SSTa

Forced by:
NCEP winds only

Forced by:

NCEP winds
Local Surface Heat Flux

Forced by:

NCEP winds
Local Surface Heat Flux
Mean Advection of T’



Toy model for Temperature




Processes that control Temperature changes
(a simple dynamical framework)
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Processes that control Temperature changes
(a simple dynamical framework)




Surface Net Heat Fluxes

Timeseries of surface net heat fluxes
averaged over Southern California
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Surface Heat Flux, Insulated boundaries

CalCOFI Observations
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Processes that control Temperature changes
(a simple dynamical framework)




Processes that control Temperature changes
(a simple dynamical framework)
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Surface Heat Flux, Insulated boundaries

CalCOFI Observations
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Impacts on ecosystem




Impacts on ecosystem

a) Changes in Upwelling

b) Changes in Mesoscale Eddy variance
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Upwelling

(results from the ocean model)
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Model Forced by:

NCEP winds only
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Surface Salinity
In Upwelling Boundary Layer
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Reduced efficiency of upwelling
and vertical flux of nutrient




TS diagram
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TS diagram

CalCOFI Observations Model Forced by:
NCEP winds and warming trend
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Mesoscale Eddy variance




Increase in Mesoscale Eddy variance
in the 1980s and 1990s

30-40 % in the core
of the California Current

(95 % significance level is 25 %)




Increase in Mesoscale Eddy variance
in the 1980s and 1990s

30-40 % in the core
of the California Current

(95 % significance level is 25 %)

Distribution and survival of larvae




Ecosystem Model?




Ecosystem Model?
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Processes controlling Temperature
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