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Motivation: Climate model biases in coastal
regions
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Approaches to a solution

Higher resolution in the atmosphere-
-better upwelling favorable winds
(Gent et al., 2010)

Improvements to boundary layer
physics (Park and Bretherton, 2009)

Improved resolution and physics in
ocean--better upwelling
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The method: Embedding a high-resolution
ocean (ROMS) within NCAR-CESM
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Numerical experiment

e Baseline: 150 year run of CCSM4, branched from 1870
control run.

e Composite: 150 year run of CCSM4-ROMS, same initial
conditions.

e QOcean:
— POP ~1-degree, 40 Z-levels
— ROMS 7 km, 50 stretched sigma levels

« Atmosphere: CAM 4 1-degree

 Land: CLM 3

« Seaice: CICE

e Analysis: 140 years of monthly means.

e Statistics: T-test for means, F-test for variability.
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California Current: Local SST response
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Multi-scale boundary

California Current: Heat budget
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Decomposition of advection term

(@) (b) (©)

AUVEL: hounial irhsedos: WA l-l.'l'ull:l.- Wit as IH".-I Ay ADED: eolinsaor i ol ket
Cra ] ,\_H,_j x o - I' T BT - - - Blbid i i
&Y w ToF # i AN A iy
orizontal . | ertlcaJ Il B e
; W = |
o Advection | “ Advection, | - *rl- J\ Advection
H iF L ] 'll..ﬂ o o 1 i

>90day * | ...

I i <90 day»
motions 4 - 4\

A x 'r P A

T i wn N - g h,

=~ — r [
HH X ‘ L . o I‘ ; i\ - . ‘ !
LH LT 1T -

ﬁ 3 15 - *ﬁ llhh':l
1g ] ™ mrr—r—Tr Iy e ®sHg——7T—7 7
"W

W IEW 1w UeE 1% 1™ 1;.-.- I TEPW

_]JJJJL[[H “Jﬂﬂl[[ﬂ -]ﬂTfDI_ °C/month

month month



RUTGERS
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California Current: Surface fluxes--the coupled

response
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Global response:. Surface temperature
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Embedding a high-resolution ocean in the Benguela region
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Approximate Sverdrup balance
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Multi-scale boundary

Benguela: Ekman pumping (top) and Vertical
Velouty (bot. ) JJA averaqes
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m__ITGERS Multi-scale boundary
Western boundary currents: Northwest
Atlantic--SSH

SSH at level 1, annual mean y0800x0899 SSH at level 1, annual mean y0021x0051
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Western boundary currents: Northwest Atlantic
Composite-Baseline SST difference
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Multi-scale boundary

Western boundary currents: Northwest Atlantic
Composite-Baseline SST difference
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Northwest Atlantic: Global surface temperature
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Multi-scale boundary

To Conclude...back to CCS. Biogeochemica‘l‘

considerations: It's both the atmosphere and

ocean resolutions!
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Key Points:

+ Dutgassing intensification linked to

coastal topographic features

+ Near-shore outgassing balanced by

offshore absorption

+ Carbon fluxes most sensitive

to horizontal resolution
for 35-40N

Air-sea CO, fluxes in the California Current: Impacts

of model resolution and coastal topography
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