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Challenges for radiation in NWP models
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Modular radiation scheme
for ECMWF: ecRad

A Gas optics
I RRTM-G (as before)

I Plan to develop new scheme
with fewer spectral intervals

A Aerosol optics

I Number of species and optical
properties set at run time

I Supports prognostic &
diagnostic aerosol

A Cloud optics

I Liquid clouds: more accurate
SOCRATES scheme

I Ice clouds: Fu by default,
Baran and Yi available
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A Solver

I McICA, Tripleclouds or
SPARTACUS solvers

I SPARTACUS makes the IFS
the only global model that can
do 3D radiative effects

I Better solution to longwave
equations improves
tropopause & stratopause

I Longwave scattering optional

I Can configure cloud overlap,
width and shape of PDF

A Surface (under development)

I Rigorous and consistent
treatment of radiative transfer
in urban and forest canopies

A Offline version available for
non-commercial use under
OpenlFS license .



Improved efficiency

(a) Radiation scheme configurations Relative
McRad, McICA, LWscat=0 NI | | | | | {to McRad
ecRad, McICA, LWscat=0 F ] 1-40.9%
ecRad, McICA, LWscat=1 1-38.4%
ecRad, McICA, LWscat=2 = 1-19.7%
ecRad, Tripleclouds, LWscat=1 [ | 440.8%
ecRad, SPARTACUS, LWscat=1 . | | . | . | . 1+255%
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(b) Radiation scheme components
I McRad | 1+5.3%

Preparation
Gas optics ;—\ ——JecRad | 1,37 0%

Aerosol optics # 1-37.8%

Cloud optics 1-94.9%

Cloud generator 1-83.3%

SW radiative transfer Solver +-41.2%

LW radiative transfer I_ 4-13.5%
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AMuch faster than original
scheme in operational
configuration

A 3D radiation is more
expensive, but feasible in
research mode

A Cloud treatment is much
faster



Fast longwave scattering for clouds but not aerosols

No scattering Cloud & aerosol scattering Cloud scattering only
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Impact on forecast skill

A Latest version of ecRad reduces
temperature RMSE by ~0.5%
compared to older McRad scheme

I Combination of longwave scattering,
reduced biases and (possibly) reduced
McICA noise

A All model configurations except HRES
call radiation every 3 h

AReinvest 40% speed-up by calling
radiation every 2 h?

I Temperature RMSE reduced by 1-2%,
associated with better low clouds
especially over tropical rainforests

A Ensemble system plans to use 1 h
radiation from operational cycle 46R1

I Temperature RMSE down by 3%
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Are we using our computer time wisely?

ATemporal, spatial and spectral resolution in various global NWP models:

Centre Radiation timestep (h) Horiz. coarsening  Bands  Spectral intervals
HRES ENS HRES ENS SW W SW LW
ECMWF 1 3 10.24 6.25 14 16 112 140
NCEP 1 1 1 1 14 16 112 140
DWD 0.4 0.6 4 4 14 16 112 140
Météo France 1 1 1 1 6 16 — 140
Met Office 1 1 1 1 6 9 21 47
CMC 1 1 1 1 4 9 40 57
JMA 1 1 (SW), 3 (LW) 4 4 16 11 22 156
FSCK - —~ - ~ 2 I |~15 ~ 32

A has lowest spatial resolution for radiation

I Experiments show this barely degrades forecasts (unlike 3-h radiation timestep)
AMet Office NWP model uses 3.7 times fewer g-points than RRTM-G

AFull-spectrum correlated-k estimates of coarsest possible spectral resolution
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IFS model climate: the goodé
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Wild et al. (2015) Global | Global | Land | Land
Surface downwelling | SW LW SW LW
43 climate models 4+5 [2+4 610 [4=+7
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