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Warm SST bias problem

Mean = 0.529, RMS = 1.404
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Approaches to address the problem
(O TR oo ‘.°°.’_. tem e

e Higher resolution in
atmosphere — better
upwelling-favorable winds
(Gent et al 2010)

* Improvements to
boundary layer physics
(Park & Bretherton 2009),
cloud-radiation interaction

 Improved resolution in
ocean — better upwelling
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Approach: What if ocean resolution
improved in these areas?

* Use a nested, regional model.

* Allows for use of a different models —physics, grid
designed for use in coastal regions.

* Alternative to unstructured grids (Ringler et al,,
this workshop).

* |ncrease resolution at eastern boundaries to

better resolve upwelling, coastal currents, and
mesoscale fronts, eddies and filaments.

e Regional Oceanic Modeling System (ROMS:
Haidvogel et al. 2000, Shchepetkin and
McWilliams 2005 )



Ocean Model Grids
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nested Regional Climate Model (hRCM)

Fluxes, using
merged SST

ST Fluxes, daily
+ solar SST Fluxes, 1/2
Vdiurnal’ hourly
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CCSM3 Experiments

Baseline: 150 year run of CCSM3.1, T85, glv4, branched
from 1870 control run.

Composite (NRCM): 150 year run of CCSM3.1-ROMS, same
initial conditions.

Ocean
e POP-~1degree, 40 levels
e ROMS ~10km, 42 stretched sigma levels

Atmosphere CAM 3.3 —T85, 26 levels
Land-CLM 3
Sea ice-CSIM 5

Data analysed- 140 years of monthly mean fields
everywhere except ROMS — one snapshot per month



North Pacific SST
summer
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North Pacific SST
summer
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Seasonal SST Bias
relative to HadSST 1982-2008
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Ekman transport
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Upwelling

(b) Slice at latitude 38
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Upwelling

(a) COMPOSITE

(b) Slice at latitude 38
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(a) COMPOSITE

(b) Slice at latitude 38
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Upwelling
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Upwelling (observations)

Upwelling is confined to 10-20km off coast (Huyer
1983, Huyer et al 2005)

Comparable to baroclinic radius of deformation
Upwelling velocities of several m/day observed

Coastal surface current has similar width, 10-
20cm/s (Barth et al 2000)

Longitude



Sea level pressure and difference
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Prototype 2-way ocean interaction:

Nudge POP SST to ROMS SST with 10 day timescale
& Port code to CESM

2. ¢ Spreading due to air-sea interaction only

2. ¢ Spreading due to oceanic advection and air-sea interaction
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Difference maps: Merged ROMS-POP SST in composite run, minus SST from baseline run.
Results from first 10 years only.



Prototype 2-way ocean interaction:
Nudge POP SST to ROMS SST with 10 day timescale

Y Spreading due to oceanic advection and air-sea interaction

Without nudging JIA With nudging
rat _ - -}. ;:VJ"? -._‘ G . 3 i VQ‘%T A \}
20 years f{ o -qll‘ ; R |
W
AN S
Nl
oC ______EEN i -

Jd-22-14-0602 1 1.8

Difference maps: Merged ROMS-POP SST in composite run, minus SST from baseline run.
Results from 20 years.



Way ahead

a) SST (T42x1-T42x1/ALL)
30 A ey

Further test 2-way ocean ]

boundary conditions D:‘{’ 3 !
— 3D nudging = '
— Other methods? / " o Fee :
Look at other eastern o

boundary regions

and western boundaries
(new NSF grant)

Add bio-geochemistry and
couple between ROMS and
POP
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LaFge and Danabasoglu 1996
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Boreal Spring
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Changes in wind stress (+heat flux
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Net shortwave flux (any increase of
stratus clouds when SST cools?)
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Annual Mean SST Bias
relative to HadSST 1982-2008
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But Levitus & HadSST not ideal for coastal zone
(resolution).



Seasonal SST Bias
relative to HadSST 1982-2008
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