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National Key Scientific and Technological Infrastructure project “Earth System Numerical Simulation Facility

(EarthLab)

EarthLab will be fully established in 2022, with

. CAS-FGOALS-g3 super-large ensemble simulations
a budget about 200 Million USD gs sup 9

(a) Global SAT Anomaly 6
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Peak Performance : 15PetaFLOPS ® CAS FGOALSS: High resolution
climate system model
Storage: 30P Hard disk + 50P Tape ® CAS ESM-2: ESM with 8 component

models including carbon cycle

110 realizations for historical + SSP5-8.5

(Courtesy to Yonggiang Yu) _
(Courtesy to Pengfei LIN)



High resolution modeling of FGOALS-{3-H
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China Meteorology Administration (CMA):

A Global-to-Regional Integrated forecast SysTem (GRIST) for Unified Weather-Climate Forecast

Weather forecast
Typhoon Man-yi (b) GRIST_ATM
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€ A global model developed for capturing regional details, via
uniform/variable-mesh high-resolution modeling

€ Weather and climate models within a unified system

€ Seamless prediction from days to months to decades

€ Enable exploratory research of global high-resolution
simulations at storm-resolving scales

€ China-oriented modeling framework and infrastructure

Global Storm-Resolving modeling
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Tsinghua University: CIESM

New ocean model grid
I T )
1

TS045 (0.45°) 800 x 560 x 60 Climate modeling

>60% ocean mesoscale
eddy resolving

3600 x 2520x 60  ~5  Similar to CESM TX0.1V?2

TS015 (0.15°) 2400 x 1680 x 60 3

TS010 (0.1°)

TS005 (0.05°) 7200 x 5040 x 60 9

ocean submesoscale

eddy resolving

TS003 (0.03°) 12000 x 8400x 60 15

C-Coupler3: a coupler based model infrastructure

Scalable technologies for Common framework for weakly
ultrahigh-resolution coupling coupled ensemble data assimilation C -CO u pl e |'3

Model Driver ] Atmosphere

model

Dynamic core Physics package
(Common framework of efficient (common framework for integrating and coupling 3-D
halo exchange for parallelization) and single-column (1-D) parameterization schemes)

(Sun et al, GMD, 2021)
(Yu et al, GMD, 2020)
(Yang et al, GMD, 2019)

Cumulus

3-D

i

[ Data input/output (common and parallel framework for 1/0) ]
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A double-plume
scheme unifying
shallow and deep
convection

A new plume model
considering
in-cloud inhomogeneity

(Courtesy to Yanluan LIN)



Ministry of Natural Resources: FIO-ESM v3.0

An ESM coupled with ocean surface wave model

 Increase resolution: Atm with 50 km, Ocn with 25/50 km * Air-sea fluxes: Wave effect on shortwave radiation (albedo)

* Replace the OGCM with FIO-COM and momentum flux (direction, magnitude)
e QOcean: Tidal mixing’ internal wave mixing e Ocn-Ice flux: Three-equation turbulent heat flux
_ FI0-ESM v1 FIO-ESM v2 FI0-ESM v3
2 Transpo
300 km 100 km 50 km
Atmosphere Resolution
(CAM) Ocn 100 km 100 km 25/50 km
Component Ocn POP 2 POP + Wave FIO-COM
* Non-breaking - Bv
S Ocn surface « Bv « SST diurnal cycle
(CICE) wave-induced « SSTdiurnalcycle < Tidal mixing
mixing (Bv) * Internal wave mixing

I Distinctive - Sl dis Stokes drift
. Sea spray

Land Surf Surface W o) I Alir- momentum an ’ "
u(Ma:seNU;\)res (MA;?\ﬁjnM) phyS|caI ﬁ 0 ﬂe LT 10 e Shortwave radiation
processes sea eat fluxes) (albedo)

Carbon Cycle fluxes . ?Iea spray (heat «  Momentum flux
o (e8] e (direction, magnitude)

Ocn- » Three-equation
ice turbulent heat flux

Framework of FIO-ESM v3.0

(Courtesy to Fangli Qiao & Zhenya Song)



Suggestion for CMIP7

&®High resolution and even cloud resolving modelling is needed
to get a reasonable simulation of global monsoon rainfall,
Including extreme events

®Large ensemble is needed to detect the forced response of
monsoon rainfall and the modulation of internal variability on

monsoon changes

€ New experiments and metrics are need to combine weather
and climate together.
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