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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
the ocean
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The method: Embedding a high-resolution
ocean (ROMS) within NCAR-CESM

TS: MEAN COMPOSITE::: AUG-893-883

50°N = i — TS: MEAN ROMS: AUG-893-893
- o Tt 80°N —r e
Lo TR % o < e
H ~ . : .t v e
50°N o O % R =4
= R -— Tae I\r,.-‘_ Lo
1 e
: A
»
40°N
o
i
e
A0°N D}
M L
N .
o : N
o . % R
T e - Ko-
= — T
150°W  140°W 130°W  120°W 110°W 100°W I I I T
150°W  140PW 130°W  120°W  110°W  100°W
lllllli s TS: MEAN COMPOSITE: AUG-893-893 II Illﬂi
19| — ~
9 11 13 15 17 19 21 23 25 27 29 e = = o ‘C
oV S 9 11 13 15 17 19 21 23 25 27 29
50N =
o s
4
\
40°N
&
30°N
BN e : -
o ] v
— _._g --h_._-.:‘ -
i) T T
150°W 140°W  130°W 120°W 110°W 100°W

[T -

9 11 13 15 17 19 21 2% 25 27 29



RUTGERS Multi-scale boundary

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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California Current: Heat budget
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Decomposition of advection term
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California Current: Surface fluxes--the coupled
response
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Global response:. Surface temperature



m__ITGERS Multi-scale boundary

Embedding a high-resolution ocean in the Benguela region
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Benguela: Ekman pumping (top) and Vertical
Velouty (bot. ) JJA averaqes
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Alternative wind interpolations
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Alternative wind interpolations
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Western boundary currents: Northwest
Atlantic--SSH
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Western boundary currents: Northwest Atlantic
Composite-Baseline SST difference
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Western boundary currents: Northwest Atlantic
Composite-Baseline SST difference
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Northwest Atlantic: Global surface temperature
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Summary

We can address some of the GCM biases in coastal regions
by embedding a high-resolution ocean model.

In the CCS, the coupled response is to dampen the upwelling
signal of cold SSTs.

Different mechanisms are in balance in different regions.
Ocean high-resolution by itself (or atmospheric resolution) will
not address all the biases.

There is both a local and a large-scale response to the
perturbations introduced through the coastal regions.
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To Conclude...back to CCS. Biogeochemicdlm
considerations: It's both the atmosphere and
ocean resolutions!
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