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Background
Though global climate models can represent many 

identifiable features of the climate system, they also suf-
fer from significant localized biases. Climate model biases 
are not uniform over the globe. For example, in the 
ocean, modeled sea surface temperature (SST) errors are 
often largest along the continental margins. Many cou-
pled climate models generate very large SST biases in 
the coastal upwelling regions of the California Current 
system (CCS), the Humboldt Current System (HCS), 
and the Benguela Current System (BCS), where simu-
lated mean SSTs are much warmer than observed. The 
NCAR-CCSM3 (spectral atmosphere) used in IPCC-
AR4 was no exception, with biases in excess of 3˚C in 
all three regions. Furthermore, these SST biases have sig-
nificant remote effects on surface and subsurface tem-
perature and salinity, and on precipitation and hence 
atmospheric heating and circulation (Collins et al. 2006). 
Large and Danabasoglu (2006) showed, in particular, 
with observed SSTs imposed along the BCS coast in an 
otherwise freely-evolving CCSM3 simulation there are 
significant improvements in precipitation in the west-
ern Indian Ocean, over the African continent, and across 
the Equatorial Atlantic. Imposed SSTs along the HCS 
coast reduce precipitation in the so-called double Inter-
tropical Convergence Zone (ITCZ) region of the south 
tropical Pacific. 

These errors often coincide with regions of impor-
tance to oceanic ecosystems and nearby human pop-
ulations. In the Intergovernmental Panel on Climate 
Change Fourth (IPCC-AR4) Working Group 1 Assess-
ment Report, where the reliability of the models used 
to make projections of future climate change is assessed, 
Randall et al. (2007) discuss the many improvements 
and the strengths of the current generation of cou-
pled models of the physical climate system, but they 
also highlight a number of remaining significant model 
errors. Furthermore, they state, “The ultimate source 
of most such errors is that many important small-scale 
processes cannot be represented explicitly in models, 
and so must be included in approximate form as they 
interact with larger-scale features.” Some of the rea-
sons given for the deficiencies are limited computer 

power, data availability, and scientific understanding. 
Conversely, regional models have shown significant skill 
in modeling coastal processes (e.g., Curchitser et al. 
2005; Powell et al. 2007; Combes et al. 2009; Veneziani 
et al. 2009a,b). This creates the opportunity to develop 
multi-scale numerical solution schemes that adapt 
the resolution in specific areas of interest, such as the  
California Current system.

Coastal winds in the latest CCSM4 with a 2˚ reso-
lution (finite volume) atmosphere produce even larger 
SST biases than were apparent in CCSM3, despite 
many improvements to the physical model components. 
Improving the coastal winds by increasing the atmo-
spheric resolution to 1˚ however, significantly reduces 
the coastal SST biases. The implication is that the further 
reductions in the SSTs required to eliminate the coastal 
biases under present day conditions will likely also need 
to come from improvements to the ocean physics and 
the upwelling of cold water in particular. These improve-
ments must be realized before the regional biogeochem-
istry and ecosystem models can be expected to behave 
accurately because of the sensitivity to temperature and 
the critical importance of upwelled nutrients for bio-
logical processes.

In order to address the above issues we developed a 
new multi-scale ocean as part of the U.S. National Cen-
ter for Atmospheric Research Community Earth Sys-
tem Model (NCAR-CESM). The new composite ocean 
consists of the global Parallel Ocean Program (POP) and 
the Regional Ocean Modeling System (ROMS). The 
new composite ocean is connected to the rest of the 
CESM climate model through a modified flux coupler.

Results from the multi-scale  
coupled model

In order to test and demonstrate the capabilities of 
the multi-scale climate model, we have been carrying 
out a series of simulations where the northeast Pacific 
upwelling region is solved using a high-resolution (7 
km) ocean within a global (1˚) model and a 1˚ atmo-
sphere. Sea ice is solved on the ocean grid and the land 
surface model on the atmospheric grid. The CESM is 
initialized from a spun-up climatology and time-stepped 
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of the biases exhibited by low-resolution global mod-
els in regions with implications for marine ecosystems. 
Long integrations show that this configuration is able 
to address some of these regional biases. Furthermore, 
by preserving the feedbacks between the regional and 
global climate models we are able to study upscaling 
effects that arise from the regionally introduced pertur-
bations. In the case presented here we see effect as far 
afield as the North Atlantic Ocean. Further studies are 
proceeding by studying the effects of resolving other 
major upwelling regions as well a new study in a west-
ern boundary current region where global models also 
show sea surface temperature biases. Future plans include 
adding a biogeochemistry model to this configuration 
in order to study the role of upwelling regions in the 
global CO2 cycles.

Literature Cited
Collins, W. D., C. M. Bitz, M. L. Blackmon, G. B. Bonan, C. S. Bretherton, 

et al. 2006. The Community Climate System Model version 3 (CCSM3). 
J. Climate 19: 2122–43.

Combes, V., E. Di Lorenzo, and E. Curchister. 2009. Interannual and decadal 
variations in cross-shore mixing in the Gulf of Alaska. J. Phys. Oce., 39(4): 
1050–1059.

Curchitser, E. N., D. B. Haidvogel, A. J. Hermann, E. Dobbins, T. M. Powell,  
and A. Kaplan. 2005. Multi-scale modeling of the North Pacific Ocean: 
Assessment of simulated basin-scale Variability (1996–2003). J. Gophys. Res., 
110, C11021, doi:101029/2005JC002902.

Ito, S.-I., K. A. Rose, A. J. Miller, K. Drinkwater, K. M. Brander, J. E. Over-
land, S. Sundby, E. N. Curchitser, J. W. Hurell, and Y. Yamanaka. 2009. 
Ocean ecosystem responses to future global change scenarios: A way 
forward. In press.

Kalnay, E., M. Kanamitsu, R. Kistler, W. Collins, D. Deaven, L. Gandin, 
M. Iredell, S. Saha, G. White, J. Woollen, Y. Zhu, M. Chelliah, W. Ebisuzaki, 
W. Higgins, J. Janowiak, K. C. Mo, C. Ropelewski, J. Wang, A. Leetma, 
R. Reynolds, R. Jenne, and D. Joseph. 1996. The NCEP/NCAR 40-year 
reanalysis project, Bull. Am. Meteor. Soc., 77, 437–471.

Large, W. G., and G. Danabasoglu. 2006. Attribution and impacts of upper-
ocean biases in CCSM3. J. Climate, 19, 2325–2346.

Randall, D., and co-authors. 2007. Climate Models and Their Evaluation. In: 
Climate Change 2007: The Physical Science Basis. Contribution of Work-
ing Group I to the Fourth Assessment Report of the Intergovernmental 
Panel on Climate Change [Solomon, S., D. Qin, M. Manning, Z. Chen, 
M. Marquis, K. B. Averyt, M.Tignor and H. L. Miller (eds.)]. Cambridge 
University Press, Cambridge, United Kingdom and New York, NY, USA.

Veneziani, M., C. A. Edwards, and J. D. Doyle. 2009a. A Central California 
coastal ocean modeling study. Part I: The forward model and the influence 
of realistic versus climatological forcing, J. Geophys. Res., 114, C04015, 
doi:10.1029/2008JC004774. 

Veneziani, M., C. A. Edwards, and A. M. Moore. 2009b. A Central Cali-
fornia coastal ocean modeling study. Part II: Adjoint sensitivities to 
local and remote driving mechanisms, J. Geophys. Res., 114, C04020, 
doi:10.1029/2008JC004775.

for 150 years. This simulation is then compared to a con-
trol run without the high-resolution ocean. The new 
multi-scale ocean is able to resolve the upwelling that is 
mostly missing from the global simulations, and this has 
a significant effect on the regional wind patterns.

Figure 1 shows the surface sea temperature and stan-
dard deviation for summer months (June–August) of 
the control simulation and the corresponding anom-
alies with the composite model for the last 140 years 
of simulation. The thick black lines outline regions of 
95% confidence based on T- and F-tests for the mean 
and standard deviations, respectively. The temperature 
anomaly plot shows the local cooling effect that results 
from resolving the upwelling in the northeast Pacific 
and also remote effects in the Atlantic ocean. Significant, 
and robust, effects are also seen in other variables such as 
tropical precipitation and sea level pressure. 

Summary
A new multi-scale capability was developed by merg-

ing a global ocean and a regional ocean model within 
a global climate model. The goal was to address some 

 

 

 
 
 

 
 

 

 

 

 
 
 
 

Figure 4:  Mean and standard 
deviation for the summer months of 
both the control and composite 
simulations.  Thick black lines 
indicate 95% confidence level using 
the T- and F-test for the mean and 
deviation, respectively.  Note both 
the local and remote effects caused 
by the perturbation that results from 
resolving the upwelling signal in the 
northeast Pacific region.   

Figure 1.  Mean and standard deviation for the summer months of both the 
control and composite simulations. Thick black lines indicate 95% confidence 
level using the T- and F-test for the mean and deviation, respectively. Note 
both the local and remote effects caused by the perturbation that results from 
resolving the upwelling signal in the northeast Pacific region. 


