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Radiation Transfer in NWP: Lecture 4

Recent advances in radiation transfer 

parametrizations

ÅA quick run through the past

ÅThe new radiation package for 32R2 (June 2007)

ÅPrognostic aerosols

ÅPerspectives
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accommodatesuchobservationally-basedcloud overlapdistributions. This de�ciency, togetherwith concern

about the role of the spatial inhomogeneityin the distribution of the condensedwaterwithin a layer (�rst

addressedby Cahalanetal., 1994,thenby a numberof authorsamongthemBarkeretal., 1999,Barkeretal.,

2003),andthe regular revision of the spectroscopicdatabasewerethe backgroundfor the adoptionof a new

approachto radiationtransfer.

Cycle Dateof implementation Description

SPM32 02/05/1989 RT schemesfrom Univ.Lille

SPM46 01/02/1993 Opticalpropertiesfor ice andmixedphaseclouds

IFS14R3 13/02/1996 RevisedLW andSW absorptioncoef�cientsfrom HITRAN'92

IFS16R2 15/05/1997 Voigt pro�lein long-wave RT scheme

IFS16R4 27/08/1997 Revisedoceanalbedofrom ERBE

IFS18R3 16/12/1997 RevisedLW andSW absorptioncoef�cientsfrom HITRAN'96

IFS18R5 01/04/1998 Seasonallandalbedofrom ERBE

IFS22R3 27/06/2000 RRTMLW aslong-wave RT scheme

short-wave RT schemewith 4 spectralintervals

IFS23R4 12/06/2001 Hourly, insteadof 3-hourly, calls to RT codeduring dataassimilationcycle

IFS25R1 09/04/2002 Short-wave RT schemewith 6 spectralintervals

IFS26R3 07/10/2003 New aerosolclimatology adaptedfrom Tegenetal. (1997)

IFS28R3 28/09/2004 Radiationcalledhourly in high resolutionforecasts

IFS32R2 05/06/2007 McICA approachto RT with RRTMLW andRRTMSW

revisedcloud opticalproperties,MODIS-derivedland albedo

Table 1: Major changes in the representation of radiation transfer in the ECMWF forecasting system.

2 Impact of a newradiation package,McRad, in the ECMWF Integrated ForecastSystem

2.1 What is McRad?

As partof themodi�cationsto createtheCY32R2modellibrary thatbecameoperationalon 5 June2007,the

radiationtransferpackagewasmodi�edalongthreelines:

- the spectrally�atland surfacealbedoderived from ERBE satellite measurementswasreplacedby a land

surfacealbedowith four componentsderivedfrom MODISsatellitemeasurements:albedofor directanddif fuse

radiationgivenfor thetwo spectralintervalson bothsidesof 0.7 m;

- theradiationtransferin cloudsis now treatedfollo wing theMonte-CarloIndependentColumnApproximation

(McICA);

- theshort-wave radiationschemeis now basedon theRapidRadiationTransferModel(RRTM), originally de-

velopedby MlawerandClough(1997),making it fully consistentwith theRRTM long-wave code,operational

atECMWFsinceJune2000.

2.2 A climatologyof land surfacealbedoderivedfr om MODIS observations

A new climatology of land surfacealbedohasbeenintroducedin theIFS to beusedasboundaryconditions in

shortwave �uxcomputations.Apartfrom beingderivedfrom morerecentandmorespatially detailedsatellite

ECMWF/SAC/1(07)2 3

fi

fi

fi

A quick run through the past
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The problem in ECMWF model òclimateó runs?      Example from 31R1

Lack of cloudiness over tropical continents:

Too large OLR over Africa, South America

Too much cloudiness over tropical oceans

Too much reflection at TOA, too little 

downward SW radiation at the ocean surface

Outgoing LW Radiation TOA Absorbed SW Rad

Model

CERES

Model-CERES
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McRad, a new radiation package for the ECMWF IFS

¸McRad (became operational with CY32R2, 5 June 2007)

I̧ncludes MODIS land surface albedo

¸McICA: Monte-Carlo Independent Column Approximation:     
a new treatment of clouds in radiation transfer (RT) schemes

¸A new SW RT scheme (RRTM_SW) consistent with 
RRTM_LW introduced in June 2000

¸Revised cloud optical properties

¸More extensive use of the flexible radiation grid
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MODIS Albedo Example for April

Note the different ranges

in the two spectral intervals

Derived from 4-years worth of 

16 day-averages of cloud 

screened 

observations at 1 km resolution 

for 7 wavelengths in the SW 

spectrum 

(C. Schaaf, Boston U.)

Four final components: 

direct and diffuse albedo 

over the UV-visible (0.2 ï0.7 mm) 

and near-infrared (0.7 ï5.0 mm) 

intervals
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31R1: ñoldò surface 

albedo:

one component only

32R2: equivalent surface 

albedo from Fup/Fdown

Diff new-old

Impact: depends on which

SW RT scheme is used: 

Slightly negative with SW6, 

slightly positive with 

RRTM_SW
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McICA: A state -of -the -art method for representing cloud -

radiation interactions?

¸In long seasonal runs and high-resolution 10-day forecasts

- How do the model survive noise in radiative heating rate?

- How do the model survive noise in layer cloud fraction?

¸Tests with 31x10-day FC at TL319L60 from 20010401 to 20010501

¸Tests with 4-month simulations at TL95 L60 for same period

- control  (control)

- random perturbation within Gaussian distribution (the relevant quantity x -> x 

(1+s*ran)

Á s=2 CF (1-CF)                          applied on x = CF   (random1)   (cloud fraction)

Á s=1.5 CF |HRtot|                       applied on x = HR   (random2)   (heating rate)

Á s=2 CF sqrt (HRLW
2+HRSW

2)   applied on x = HR   (random3)   (heating rate)
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McICA: How does the model survive radiative noise?

NH
SH

Tropics India

Arabia E. Asia

Anomaly correlation Z 1000 hPa

NH SH

Tropics India

Arabia E.Asia

Anomaly correlation Z 500 hPa

TL319 L60  31 x 10-day FCs
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McICA: How does the model survive radiative noise?

NH SH

Tropics Tropics

NH SH

Arabia E. Asia Arabia E. Asia

IndiaIndia

Mean error T 850 hPa Mean error T 200 hPa

TL319 L60 31 x 10-day FCs
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McICA: Hoes does the model deal with radiative noise?

Systematic 

perturbation:

Re +1 mm

De +10 mm

TL95 L60 starting

24-hour apart from

20010401 to 

20010430

Results averaged 

over JJA

Ref=Control Systematic perturbation 

Difference Perturb-Control Student t-test
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McICA: Hoes does the model deal with radiative noise?

Systematic 

perturbation:

Re +0.1 mm

De +1 mm

Random

perturbation:

random3

Difference Perturb.-Control

Difference Random-Control

t-test

t-test
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McICA: How does the model survive radiative noise?

¸For each variable, 

- first column is difference

- Second is area with difference significant at > 95% level

- Third is area with difference significant at > 97.5 % level

¸No particular problem in either forecast or long run mode

¸The McICA approach can then be used    (Barker et al., 2002, 
Pincus et al., 2003)

OLR ASW STR SSR

Control 247.1 0.950 0.975 226.5 0.950 0.975 -54.9 0.950 0.975 140.1 0.950 0.975

Re1/De10 1.3 17.1 11.1 3.0 24.0 18.4 -0.4 11.6 7.0 3.2 36.8 28.3

Re0.1/De1 0.1 4.7 2.3 0.5 3.3 1.7 -0.1 6.2 3.6 0.5 9.2 4.3

Random3 0.0 4.7 2.1 0.1 2.7 1.4 0.0 4.7 2.4 0.1 7.4 3.3
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What is McICA?

¸Monte-Carlo Independent Column Approximation

¸The CKD approach for 1-D PPH columns is

¸The ICA approach for domain averages is          (ICA: Independent Column Approx.)

¸Combining (1) and (2) gives

¸Assuming clear- and cloudy-sky columns of gas, and if there are Nc cloudy 

columns, (3) can be written as
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McICA in 4 figures

1 1

1 1

1 1

1 1

NZ = number of layers

K = number of spectral intervals (g-points)

Plain vanilla RT scheme: 

deals with fractional cover

2 NZ * K < Ntot < 2 NZ * (2+Ovl) * K

N = number of ICA sub-columns

Ntot = total number of transmission 

function computations

ICA RT scheme: In each sub-column, 

clouds are either 0 or 1

Ntot = 2 NZ * N * K

0 1Cloud cover 1 NNumber of sub-columns
1000

800

600

400

200

0
Pressure hPa



Slide 15

Radiation Transfer in NWP: Lecture 4

What is McICA?

¸Which can be simplified to

¸The hypothesis is that               can be given by

¸ In which case, it follows (see Barker et al., 2002) that  

cld
c

clr
c

Nc

n

K

k

cld

kn
k

c

c

K

k

clr

kn
kc

AA

Fc
N

AFcA

FF)1(

1
)1(F

1 1

,

1

,

+-=

ö
÷

õ
æ
ç

å
+ö
÷

õ
æ
ç

å
-= äää

= ==

cld
F ä

=

K

k

cld

kNcrdm
kFc

1

},,...,1{

( ) ( )

ää
= =

¤>-

=

+++++=

K

k

Nc

n

cld

knk
c

cld

KNcKKNc

cld

KKK

cld

NcNc

cld

Tcld

Fc
N

FcfFcfFcfFcf
T

E

1 1

,

,,,1,11,11,1,111,1

1

......
1

limF

The model is unbiased in the ICA sense, so for T=K * Nc

large enough, an unbiased value can be obtained using 

a different random cloud profile for each k-coefficient
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McICA in 4 figures

1 1 1 1 1 1
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McICA: In each spectral 

interval, clouds are either 0 or 1

Ntot = 2 NZ * K

1000

0
Pressure hPa

1 ZNumber of g-points
1

1 ZNumber of g-points

Spectral integration is carried out

by computing transmission function

over K g-points (spectral intervals)
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McICA: Tests with 1 -D radiation code: LW

North Slope of Alaska

OLR SDLW Differences McICA-Ref

South Great Plains
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McICA: Tests with 1 -D radiation code: LW

Trop. West Pacific: Manus

Trop. West Pacific: Nauru

OLR SDLW Differences McICA-Ref
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The ECMWF McICA configuration 

= RRTM_SW + McICA + cloud optical properties

¸ RRTM_SW from AER, Inc, with reduced number of g-points from the original 224 to 112 and 

adapted to/optimized for the ECMWF IFS

- RRTM_SW is more expensive than SW6, but a higher number of monochromatic RT 
calculations is required for McICA to be successfully applied.

¸ McICA version for both RRTM_LW and RRTM_SW: no cloud fraction anymore: a layer is 

either clear-sky or overcast, thus simplifying the RT calculations

- McICA does not cost anything (as such)            (no partial cloudiness to deal with)

¸ Cloud random generator (Raisanen and Barker, 2004) gives 0 or 1 cloud for each layer and 

each of the 140 (112) g-points of the LW (SW) radiation scheme for either a maximum-

random or a generalized overlap assumption, with loose constraint over the total cloudiness

- g-point = pseudo-monochromatic calculation

¸ñNewò cloud optical properties (main point: De=f(IWC,T))

¸ In the following, results are shown for the generalized overlap (a la Hogan and Illingworth, 

2000) with a decorrelation length of 2km for cloud fraction, and 1km for cloud condensate 

(see later)
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Results

¸Impact in sets of 13-month runs at TL159 L91

¸Impact in 10-day forecasts at TL799 L91
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Impact on OLR in ensembles of 1 -year simulations

31r2-CERES McRad-CERES

CERES CERES

Cy31r2 McRad


