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Radiation and predictability

ÅPredictability of 

the first kind: 

anomalies via 

initial conditions

ÅPredictability of 

the second kind: 

means via 

boundary 

conditions
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Short range Medium range Monthly/seasonal Annual Multi-annual

ECMWF forecasts

Climate

Weather

ECMWF physics testing

Improve background 

state on which weather 

systems propagate

Reduce regional biases

Evaluate processes 

important for climate 

in NWP mode? 

Improve fast interactions between 

radiation and other processes



Challenges for radiation in NWP models

Clouds

Surface

Clear-sky absorption

Middle atmosphere

Efficiency

Urban areas Orography
Snow albedo

Forests

Coastlines

Sea emissivity

Aerosols

Water vapour continuum

Overlap

Sub-grid heterogeneity

3D effects Particle size

Optical properties
Longwave scattering

Land albedo datasets

Water vapour biases

Solar spectrum Non-LTE effects

Ozone

Code optimization

GPUs

Spatial/temporal/spectral resolution



Modular radiation scheme 
for ECMWF: ecRad

ÅGas optics

ï RRTM-G (as before)

ï Plan to develop new scheme 

with fewer spectral intervals

ÅAerosol optics

ï Number of species and optical 

properties set at run time 

ï Supports prognostic & 

diagnostic aerosol

ÅCloud optics

ï Liquid clouds: more accurate 

SOCRATES scheme

ï Ice clouds: Fu by default, 

Baran and Yi available
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ÅSolver

ï McICA, Tripleclouds or 

SPARTACUS solvers

ï SPARTACUS makes the IFS 

the only global model that can 

do 3D radiative effects

ï Better solution to longwave 

equations improves 

tropopause & stratopause

ï Longwave scattering optional

ï Can configure cloud overlap,  

width and shape of PDF

ÅSurface (under development)

ï Rigorous and consistent 

treatment of radiative transfer 

in urban and forest canopies

ÅOffline version available for 

non-commercial use under 

OpenIFS license



Improved efficiency
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ÅMuch faster than original 

scheme in operational 

configuration

Å3D radiation is more 

expensive, but feasible in 

research mode

ÅCloud treatment is much 

faster
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Fast longwave scattering for clouds but not aerosols

For each layer, compute 

transmittance Ὕand sources 

ὛᴻȢ reflectanceὙ π
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No scattering Cloud & aerosol scattering Cloud scattering only

Re-use Ὕand ὛᴻȢ in clear layers

More expensive calculation 

of Ὕ, Ὑand ὛᴻȢ

Compute total 

albedo and 

total upward 

emission

Compute 

fluxes

No data re-use

Cheap no-scattering 

calculation

Re-use Ὕand Ὓᴻ iȢn clear layers

Scattering 

only below 

cloud top

No scattering
Ὂᴽ

LW solver cost +100%

Overall cost +36%  

LW solver cost +16%

Overall cost +4%  
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Impact on forecast skill

ÅLatest version of ecRad reduces 

temperature RMSE by ~0.5% 

compared to older McRad scheme

ï Combination of longwave scattering, 

reduced biases and (possibly) reduced 

McICA noise

ÅAll model configurations except HRES 

call radiation every 3 h

ÅReinvest 40% speed-up by calling 

radiation every 2 h?

ï Temperature RMSE reduced by 1-2%, 

associated with better low clouds 

especially over tropical rainforests

ÅEnsemble system plans to use 1 h 

radiation from operational cycle 46R1

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

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

ÅECMWF has lowest spatial resolution for radiation 

ï Experiments show this barely degrades forecasts (unlike 3-h radiation timestep)

ÅMet Office NWP model uses 3.7 times fewer g-points than RRTM-G

ÅFull-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)

Surface downwelling

Global 

SW

Global 

LW

Land 

SW

Land 

LW

Observations 184.7 341.5 184 306

43 climate models 4 ± 5 Ĭ2 ± 4 6 ± 10 Ĭ4 ± 7

ERA-Interim 3.7 Ĭ0.1 3.6 Ĭ2.0

Coupled IFS climate Ĭ0.4 Ĭ0.9 0.4 0.7

éthe badé (SW cloud radiative effect bias)

éand the ugly
(middle-atmosphere 

temperature bias)
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