Rapid Radiative Transfer Model

Radiative Transfer for Energetics - for GCMs - Parallel

RTE-RRTMGP in CAM
Implementation status

Brian Medeiros
Most of the 2023-2024 work done by Brian Eaton and Jian Sun,
with previous input and help from: Isaac Davis, Courtney Peverley, Jiang Zhu,

+ EarthWorks SE group, & R. Pincus

AMWG, January 2024

Office of
Science




What & Why of RRTMGP

> Rewrite of RRTMG (Fortran 2003) [Ogggg'trggoggggg; tionoj Wl
A scalar
> plane-parallel, correlated-k, 2-stream RTM ) data: ©
> uses classes to control information passing (arrays of values)
> no assumption of vertical ordering < eema i
>~ updated spectroscopy \ Jelta_scale()
» Shortwave solver: ] r-stream
: : data: 7, ,,
f(KSW/ 1 nSOlathﬂ(ﬂ,> , direct, diffuse, ) < Planck source functions e T Oy P
> Longwave solver:
f(KI_W, B(A, ].@V) , gsfc)
- Added capabilities (o) [Ty
> G PU T set vmr()
> CCPP
RRTMGP gas optics
load() RRTMGP
< broadband fluxes < by-band fluxes
fluxes h
reduce()

< user-supplied Pincus et al. JAMES 2019



What'’s involved

> Bring in RTE-RRTMGP as an external
> new interface between CAM and RTE-RRTMGP

> Mainly this is radiation.F90,
but with a bunch of supporting changes:

* ritmgp_inputs.F90

(new, similar to rrtmg_state.F90) radiation F90
ONAR

e radconstants.F90
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Current status

» RTE-RRTMGP v1.7 (released 27 Nov 2023)
» RRTMGP-data v1.8 (released 27 Nov 2023)
» PR is In process
>~ xmlchange --append CAM_CONFIG_OPTS="-rad rrtmgp”
» COSP available
~ New test simulations
> FLTHIST: 1999-2006
> FMTHIST: 1996-2002




Interface structure

all the subroutines in radiation module

radiation.F90 radiation_tend mcica_subcol_gen.F90
radiation_readnl >set_sw_diags radconstants.F90
radiation_register >set_|w_diags rrtmgp_inputs.F90
radiation_init >heating_rate
radiation_define_restart radiation_output_sw
radiation_write_restart radiation_output_cld
radiation_read_restart radiation_output_Iw

coefs_init

initialize_rrtmgp_fluxes
reset_fluxes
free_optics_sw
free_optics_Iw
free_fluxes
modified_cloud_fraction
stop_on_err



radiation tend

Preparation

Determine time (do radiation?) and
zenith angle (day/night)

rrtmgp_set_state OUTPUT

T T, p, cos(6),

sfc' Esfe
a4if Adir

modified_cloud_fraction

SHORTWAVE

combined lig + ice

optical propertes;

cloud optical Add "snow cloud";
properties Add "graupel cloud"

Set gas VMR, optical properties
Set aerosol optical properties

RTE_SW(aer+gas) — clear sky fluxes

Initialize and set

RTE_SW(cld+aer+gas) — all-sky fluxes

SW output stage

LONGWAVE
determine combined lig + ice
cloud optical optical propertes;
properties Add "snow cloud";

Add "graupel cloud"

Set gases VMR, optics,
Planck Source

Set aerosol optical properties
RTE_LW(aer+gas) — clear sky fluxes

RTE_LW(cld+aer+gas) — all-sky fluxes

LW output stage

Post-RT

Output

Radiative
Heating

Deallocations




RRTMG, L58, SWCF (avg -41.95) RRTMGP, L58, SWCF (avg: -40.45) Difference (avg 1.50)




RRTMG, L93, SWCF (avg -41.79) RRTMGP, L93, SWCF (avg: -40.16) Difference (avg 1. 62)
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Performance impact

derecho, 2160 pes, FLTHIST & FMTHIST

L58
2-year run

L93
6-month run

RRTMG
4232 pe-hrs/simulated_year
12.2 simulated_years/day
998s
8846 pe-hrs/simulated_year

5.9 simulated_years/da

392s

RRTMGP
4263 pe-hrs/simulated_year
12.3 simulated_years/day
1133s
9061 pe-hrs/simulated_year
5.75 simulated_years/day

512s



RRTMGP will be available as an option, at least
In default configuration, there is a slight performance penalty
Results with F*THIST compsets showing fairly modest differences,
* but changing to RRTMGP looks like it will require some tuning
RRTMGP already works on GPU, and CISL/EarthWorks are working to optimize it
There is a version of RRTMGP that is CCPP-ized (probably not drop-in replacement, but something to start
from)
There are efforts to optimize the calculations within RRTMGP, including using machine learning to replace
the lookup tables and interpolation. Examples:
 Ukkonen & Hogan, 2023
 Veerman et al., 2021
The spectroscopy used in RRTMGP is updated, so even without other features, the clear-sky radiative
transfer are more accurate (Pincus et al. 2019)
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