The ECMWEF radiation schemes

A number of radiation schemes are in use at ECMWF. Presently (May2010) are
active

E McRad including RRTM_LW and RRTM_SW (Lecture 4) is used in the forward
model for operational 10-day forecasts at T,1279 L91, EPS 15-day forecasts at
T,639 L62, and seasonal forecasts at T, 159 L62.

E The tangentlinear and adjointof t he Aol do SW r aspdactel |
interval version for DA.

EA neur al net work version of the nol)d
to be replaced (soon) by the TL/AD vV

E These last two schemes are used in the assimilation (cf. P . L o ppresehtation
in TC PA module and/or M. J a n | spkesentationan TC DA module)

Eé and al l the dedi cated RT scheme us
based) in the analysis of satellite data (cf. TC DA module) S
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The ECMWEF shortwave radiation schemes -1

Photon path distribution method originally developed by Fouquart and Bonnel
(1980). [see on-line documentation for details]

. Vertical integration:
N
Fdown(j) — FOI I SbOt(I()
k=]

Fu(J) = Faow( ])PRtop(j — 1)
with

5

9%top — C:cldER cd Tt (1_ Ccld)m clear
Sbot — CcIdScId + (1_ Ccld)Sclear

R , S reflectance at the top and transmittance at the bottom of a layer
) e
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The ECMWEF shortwave radiation schemes -2

Delta-Eddington method (Shettle and Weinman, 1970; Joseph et al., 1976) to
compute ER, 3 from the total optical thickness o, single scattering
albedo @ , and asymmetry factor g, which account for the combined effect
of cloud condensed water, aerosol, and molecular absorption

5 = Se+ Sa+ &, . _ 9t Oa
Oc + O4 + O,
_5cgc+5aga ?
J Oc+ 05
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The ECMWEF shortwave radiation schemes -2

Laplace transform method to get the photon path equivalent gaseous absorber
amounts from 2 sets of layer reflectances and transmittances, assuming
successively a non-reflecting underlying medium (R- = ) then a reflecting

one (R_#=0)
U e0 = |n( SbotO/ Sbotc) / Ke U e== |n( Sbot # /Sbotc) [ Ke

U+e0 — |n( ERtopO/ERtopc) / Ke U e== |n( ERtop # /ERtopc) [ Ke

where %topc, Spote are the layer reflectance and transmittance corresponding
to a conservative scattering medium and K, is an absorption coefficient
approximating the spectrally averaged transmission of the clear-sky
atmosphere

1
ke = In[ tav(Utot / £0)]
Utot / A0
o
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The ECMWEF shortwave radiation schemes -3

. Transmission functions for O;, H,0O, CO,, N,O, CH, are fitted with Pade
approximants from reference calculations
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ecMwE &5



SW6 vs. SW4

6 spectral intervals from 0.185 to 4
um

4 spectral intervals from 0.25 to 4 um

Based on statistical models of the
transmission functions

Based on a line-by-line model of the
transmission functions

E LbL based on STRANSAC

(Scott, 1974, Dubuisson et al., 1996) ,

E modified to account for HITRAN :

2000 !

|
E H,O, CO,, O3, O,, CH,, CO,N,O|
E resolution 0.01 cm! from 2000 to,

20000 cmt, then resolution of

the O3 continuum, i.e. 5to 10
cmi

UVcga in 2 intervals, 0.185-0.25-0.4 | yv,, and visible in one interval from
um, visible in 1 interval, 0.4-0.69 um ' 0.25 to 0.69 um
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The 6 -interval SW radiation scheme -2

Comparison with a line-by-line
surface model of the SW radiation transfer
| o T - on standard cases shows an
excellent agreement on the flux
profiles
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Pressure (mb)

Pressure (mb)

The 6 -interval SW radiation scheme
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-3

The new SW scheme
SW6 is compared to
the old SW4, and to
results obtained from
a different scheme
linked to a different
line-by-line model,
RRTM

Differences in
tropospheric SW
heating rates:

A small impact is seen
in the troposphere,
related to a water
vapour absorption
including both
a p- and e-type
absorption

) e
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The 6 -interval SW radiation scheme

-4
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The 6 -interval SW radiation scheme -5

Station Total daytime clsky tot clsky day =~ owcsttot owvcst day
Bonduille SW4 196.8  357.9 2912 6195 1149 1776
SW6 1924 349.8 285.0  606.5 1128 1744
Desert Rock  SW4 266.4  499.3 3044 6088 159.5 3103
SW6 262.0  484.9 299.3  598.6 157.3  306.0
Fort Peck SW4 2236  395.6 3182 4955 1793 2941
SW6 219.0 3875 3115 485.0 176.6  289.8
Penn State U SW4 2080  379.1 3134 520.2 945 1287
SW6 2039 3716 3075 5104 93.2 1269

In these 1-D calculations, whatever the state of the atmosphere, clear-sky,
overcast, or mixed, the surface downward flux from SW6 is always smaller
than the one from SW4.

ECMWF
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The 6 -Iinterval SW radiation scheme -6
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Within the ECMWEF forecast model,
the effect of the new SW scheme is
felt at the surface where it
decreases the SW radiation
available at the surface.

Pressure Level (hPa)
o BWWNN = =

el I Interms of temperature field, the
— et e — e — ey e — o) — e — e — e — e effect is almost exclusively in the
—_— e — — .  Stratosphere, where it improves the
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= agreement with climatologies:
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Figure : Zonal mean of the temperature (in degrees K). Top figure is the temperature difference over the
last three months (DJF) between sets of T} 95 L60 4-month simulations with the six-interval and the four-

interval shortwave schemes. Bottom figure is the corresponding temperature field obtained with the six- M
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RRTM_LW vs. M91/G00

Table 1: Characteristics of the longwave radiation schemes

The ECMWEF LW radiation schemes:

RRTM

M91/GX)

Solution of Radiative Transfer
Equation

two-stream method

spectral emissivity method

Number of spectral intervals

16

6

Absorbers

H,0, CO,, O3, CHy, N,O, CEC11,
CEC12, aerosols

H,0, CO,, O3, CHy, N,O, CEC11,
CFC12, aerosols

Spectroscopic database

HITRAN 1996

HITRAN 1992

Absorption coefficients

from LBLRTM line-by-line model

fits on statistical models of transmission

Cloud handling

true cloud fraction

effective cloud fraction CF*¢

Cloud optical properties: method

16-band spectral emissivity

whole spectrum emissivity

Data Ice Clouds
Water Clouds

Ebert & Curry '92, Fuetal. ‘98
Smith & Shi ‘92,
Savijarvi & Raisanen‘97

Ebert & Curry, 92
Smith & Shi ‘92

Cloud overlap assumption

maximum-random

maximum-random
( maximum & random also possible)

Reference

Mlawer et al., 1997

Morcrette et al., 1986
Morcrette, 1991
Gregory et al., 1998

AWF
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MO1/GO0O  Morcrette, 1991, JGR, 96D, 9121-9132
Gregory et al., 2000, QJRMS, 126A, 1685-1710.

. Band-emissivity type of scheme, i.e., solves for a (N+1)? matrix of
transmission functions

F+(p)=[Bx(Tsurt) = Bx(To+)]tek( psurt, p) + Bx(T(p)) + jtdBk(p p',r)dBx

p'= psurf
0
F-(p) =[Bx(Twp) = Bk(T»)]tek( p,0) = Bx(T(p)) — jtdsk(p, p',r)dB«
. Six spectral intervals "r
E 0-350 + 1450-1680 cm! 970-1110 cm™
E 500-800 cm? 350-500 cm-?
E 800-970 cmt! 1250-1450 + 1880-2820 cm!

. mixed vertical quadrature:
E 2-point Gaussian for layers adjacent to level of computation
E trapezoidal rule for distant layers

l aa
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M91/G00 - 2

Transmission functions represented by Pade approximants from
transmission functions computed with Malkmus and Goody statistical
models

v o > I_
By (Mt (@p. TudvY D it 2
(TP, Tu) = 2 = =0

L) - 2 |_
B (TY)dV > djUer 2
j=0

Vi

with the effective absorber amount Uerr =r up ‘¥ (Tu,up)
p2
Diffusivity factor Pressure-weighted lm — Iup dp

amount of absorber
p1

. ¥ (Tu,up) = exp[a(up) (Tu—250) + b(Up) (Tu—250)°]

l aa
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M91/G00 - 3

. Effective cloudiness

CFett =CF *&ad=CF * [1_ exp(— Kabs, lig Ulig — Kabs, ice Uice)]

E Kaps ig from Smith and Shi (1992), ks i from Ebert and Curry
(1992)

. Effect of clouds on LW fluxes following Washington and Williamson
(1977). Formulation allows for maximum, maximum-random, or random

cloud overlap.

l aa
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Role of the cloud overlap assumption -1
(Morcrette and Jakob, 2000: Mon.Wea.Rev., 128, 1707-1732)

Part of the inhomogeneity seen from satellite measurements of optical
thickness is linked to the vertical piling up of cloud layers.

In GCMSs, various cloud overlap assumptions can be used, among them:

5
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Role of the cloud overlap assumption - 2

The impact of the COA depends on the vertical distribution of the cloud layers

Three Independent Stratiform Cloud Layers
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Role of the cloud overlap assumption - 3
Impact of Cloud Overlap Assumption: EPR —

Total Cloud Cover %

[

EPR_
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As expected, the total cloud cover (seen
from TOA or surface) varies with the COA
with TCC .. <TCC < TCC
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Role of the cloud overlap assumption -4

However, if, within each simulation, the
cloud distribution is processed using the
MRN COA, these TCCs are much closer to
each other, showing that cloud volume is
rather insensitive to COA
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