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IPCC Reports and
Earth System Models

CMIP6: Participating Model Groups

Institution | Country Institution Country Institution Country
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New in CMIP:

2 new model groups from Germany (AWI, MESSY-Consortium)

4 new model groups from China (CAMS, CasESM, NUIST, THU)

1 new model group from Brazil (INPE)
1 new model group from India (CCCR-IITM)
1 new model group from Taiwan, China (TailESM)

1 new model group from USA (DOE)
2 new model group from Republic of Korea (NIMS-KMA, SAMO-UNICON) )

1 new model group from South Africa / Australia (CSIR-CSIRO)
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* Other models can join providing DECK and historical simulations are submitted
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Change in average surface temperature (1986-2005 to 2081-2100)
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Climate Modeling 101:

Grid Resolution -
how detailed is the
climate model picture?
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Sea to-A1r COZ ﬂllX Interannual and decadal variability
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ROMS-Biogeochemistry . '
modeling for CCS Model resolution matters!
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Temperature, NO3, SiO4,

Normalized Standard Deviation
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Seasonal cycles of variables in the 0-150 km domain

(a) surface SiO4 in the 0-150km domain
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Interannual variation (1993-2016) in the 0-150 km domain
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Interannual variation (1993-2016) in the 0-150 km domain
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Enhanced nutrient supply to the California Current
Ecosystem with global warming and increased stratification

Rykaczewski and Dunne

in an earth system model  Based on GFDL Global ESM GRL. 2010
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Enhanced nutrient supply to the California Current
Ecosystem with global warming and increased stratification

in an earth system model
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Downscaling from Global to Regional Models
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Modeled and Satellite Chlorophyll Comparison
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Comparison of Nutrients and Primary Production
Difference = (2030-2049) = (1990-2009)
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Comparison of Nutricline Depth (NO3 and SiO4)
Difference = (2030-2049) - (1990-2009)
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Nitrate Changes
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Plankton Biomass Comparions: (2030-49) - (1990-09)
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Modeled Plankton at surface (based 3km ROMS-CoSiNE)
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Coastal upwelling favorable wind and wind stress curl offshore

Land-ocean thermal
contrast generarte
wind stress curl offshore

coastal upwelling

e

curl-driven upwelling

A. = macronutrients Rykaczewski and Checkley (2008)
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Future climate change impact on upwelling systems
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B) Present

Bakun Hypothesis

Poleward migration
of pressure systems

Enhancement of \
land-ocean
thermal contrast
along the coast

Bakun et al., 2015
C) Future




Vertical Nutrient Flux Calculations
% = [AVG(2030-49) — AVG(1990-09)]
/AVG(1990-09)

Changes of Vertical Velocity (W) and NO3 and SiO4
in region 2 and 3, during April-duly

200 m 21.3% 5.7% 18.8%
300 m -4.0% 2.9% 14.8%




Annual Mean NO3 Flux (0-200m) (kmol/s)
1990-2009 2030-2049
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Eddy Kinetic Energy (EKE)
Difference = (2030-49) - (1990-09)

50

Increasing EKE In the central
offshore potentially enhancing
upper water nutrients

451




b.Future

a.Present

Isopycnals

Isopycnals

Higher resolution coastal model yield
more regional difference

Increasing along-shore wind lead to
stronger upwelling; upwelled nutrient
(Si/N) concentration increase

New and primary production increase
because more nutrients (Si/N) to CCS

Diatoms and meso-zooplankton
Increase more near shore, due to
more Si

EKE also increased in offshore
region, enhance nutrient supply



Summary

® Motivation - global vs. regional approach for understanding the ocean

Model resolution matters! Global models are improving, but still need regional modeling

® Physical-biological modeling for the Pacific Ocean (ROMS-CoSiNE)

Studying physical-biological coupling in coastal regions and eddy dynamics

® Future projections for CCS based on GFDL/ESM connecting with ROMS-CoSiNE

Downscaling and upscaling are needed to connect open ocean and coastal seas

® Controlling factors for increasing nutrients and biological productivity in CCS
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