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Family tree of recent GFDL models

CMIP3
Previous generation
circa 2004-2006

CMIP5
Current generation
circa 2009-2011

CMIP6
Next generation
circa 2014-2016

CM2

interactive clouds,
prescribed aerosols/ozone,
aerosol-radiation interactions

¢ FLOR, HIFLOR
seasonal-decadal forecast
CM3 model
interactive aerosols/ozone, CM2.5, CM2.6
coupled trop.-strat. chemistry, high-res. coupled models
aerosol-cloud interactions HiRAM
high-res. atmosphere model
¢ ESM2-M, ESM2-G
earth system models

CM4/ESM4
higher resolutions (50/100 km),
updated physics,
physical climate model
and ESM built simultaneously



A status report on CM4

 FV3 (cubed-sphere, finite-volume) dynamical core (S.J. Lin)
50 or 100 km horizontal resolution, 32 or 48 vertical layers
A new double-plume convection (DPC) scheme (M. Zhao)
» Motivated by recent literature and MJO simulation
» Based on the single bulk plume model used in HIRAM
(Bretherton et al., 2004)
» Additional (deep) plume with entrainment dependent on
ambient RH
» Use quasi-equilibrium cloud work function for closure
» Cold-pool driven convective gustiness via precipitation re-
evaporation
« “Light” aerosols/chemistry or “full” aerosols/chemistry
« MOMBG being built (A. Adcroft, R. Hallberg)
> Y4 degree as the primary target
» Mesoscale eddy parameterizations
» New mixed layer scheme



Mean climate simulation

RMS error for annual mean reflected SW radiation at TOA
(boxplot show statistics from CMIPS5 historical experiments)
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ANN SWABS (W/m?)

AM4g10r3

c96L32_am4g10r3 (1981-2010)

60E 120E 180 120W 60W
Mod = 240.111 (model grid) SDev = 79.7558

CERES EBAF TOA Ed2.8 (3/00-2/15)

60E 120E 180 120w 60W
Obs = 240.523 (regrid to model grid) SDev = 80.1187

c96L32 am4g10r3 minus
CERES EBAF TOA Ed2.8

B0E 120€ 180 120W 50W
lon = (0.,360.) lot = (—90.,90.) r(Obs, Mod) = 0.995493
Mod — Obs = —-0.412697 rmse = 7.60936

CERES EBAF TOA Edition2.8:

http://ceres.larc.nasa.gov/products.php?product=EBAF ~TOA
Loeb et al. (2009), J. Climate
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RMS error for annual mean OLR
(boxplot show statistics from CMIP5 historical experiments)
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RMS error for annual mean precipitation
(boxplot show statistics from CMIP5 historical experiments)
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RMS error for annual mean surface air temperature
(boxplot show statistics from CMIP5 historical experiments)
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RMS error for annual mean 200hPa temperature

(boxplot show statistics from CMIP5 historical experiments)

RMS TA-200
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RMS PSL

RMS error for annual mean sea level pressure
(boxplot show statistics from CMIP5 historical experiments)
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Comparison of AM4g10r3 with CMIP5 models in AMIP simulations

PR: Precipitation; TAS: Surface air temperature; PSL: Sea-level pressure; RLUT: Outgoing LW radiation;
RSUT: reflected SW radiation at TOA; UA-850 & UA200: 850 and 200hPa zonal wind; VA-850 & VA-200:
850 and 200hPa meridional wind; ZG-500: 500hPa geopotential helght

PR TAS PSL RLUT RSUT UA-850 UA200 VA-850VA 200 ZG 500

PCMDI metrics ACCESSI1-0
ACCESS1-3

o — =
ﬂ

vre
4ra

Bcec-csm1-1-m

WY X NOS

CCsM4

Values are RMS error CEM1-CAMS
CMCC-CM

normalized by the CNRM-CM5

ensemble median CSIRO-MK3-6-0 |

(Glecker et al. 2008) CanAM4
EC-EARTH
FGOALS-g2

FGOALS=2

GFDL AM3 ﬁﬁ,xg::
50km HIRAM — 7 GROLHIRAM-C3%0

7 GIsS-E2-R
25km HIRAM HodGEM2-A
IPSL-CMBA-LR

IPSL-CMBA-MR

IPSL-CM5B-LR

Inmcmd4

MIROCSH

MPI-ESM-LR

MPI-ESM-MR

MRI-AGCM3-2H

MRI-AGCM3-2S

MRI-CGCM3

NorESM1-M

AM4glor3 —> €96L32_am4g10r3 |

2 ~alll [ [ [T I eee—
5 & £ B £ 8 2 B B & B PCMDI

IvC

better worse Portrait Plot



Monsoon simulation
Precipitation (colored shading) and 850-hPa winds
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Monthly-mean precipitation over India (10-30N, 70-90E)
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South Asia
(70-95E)

Monsoon onset: pentad precipitation

CM GPCP
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Monthly-mean precipitation over the Sahel (0-20N, 15W-10E)
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Obs

Precipitation (colored shading) and 850-hPa winds
GFDL
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Monthly-mean preC|p|tat|on over the Amazon (10N-20S, 75-40W)
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Tropical variahility - ENSO
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Madden-Julian Oscillation (MJO)

Nov-Apr life cycle composite using US CLIVAR standard diagnostic package
OBS (AVHRR) Model
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Tropical cyclones
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Aerosol forcing (W m-2)
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Exploring atmospheric physics in the “grey
zone” (tens of km) rey zone

Partially resolved deep red zone CM5(?) CM4
convection (“cloud (~1 km) (~10 km)  (~100 km)

permitting”) " '\* B / -
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Weather-climate model simulations

Example 1: Global “cloud-permitting” models
(~3.5 km)

S.J. Lin and L. Harris



Example 2: Global regional cloud-resolving
models enabled by grid stretching and
nesting (e.g., ~1 km over CONUS)

Strtched + nested weather-climate model

Oklahoma City
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S.J. Lin and L. Harris



Model evaluation and diagnostics

Short (days to months) simulations in weather
forecast or seasonal prediction mode [as efficient
ways to expose model biases]

Process-level diagnostics (moist convection, MJO,
mid-latitude cyclones, ...) [spearheaded by the NOAA/
CPO Model Diagnostics Task Force]

Comparison with observations (CloudSat, ...)
Idealized experiments (aquaplanet, COOKIE, ...)
Community-wide efforts (CPT, CFMIP, ...)

Goal: Development of physics parameterizations
applicable to weather-climate models



Conclusions

CM4 shows considerable skills in simulating mean
climate, monsoon and tropical variability.

Despite many real challenges, we are excited
about all the new sciences and applications
that the high-end weather/climate modeling at
GFDL will enable for many years to come.



