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Intercomparison of Parameterized Radiation models
in CWBGFS

Chin—Tzu Feng

Center Weather Bureau

ABSTRACT

Since 1990, the Center Weather Bureau has been working on the development
of the second generation of global model. In the new model, a new radiation
scheme based on Harshvardhan et al. {1987) will replace the current one
(Katayama, 1974). Recently, ICRCCM has provided Lhe opportunity to validate
the outputs of highly parameterized radiation codes against the results of
very detailed models, including a number of line-hy-line calculations,
especially those carried out by different modeling groups for the program.
Therefore, thé intercomparison between them following ICRCCM method is
necessary and interesting. Different intercomparison exercises have been
proposed concerning longwave and shortwave radiative fluxes and heating/
conling rates in standard clear-sky atmospheres with more detailed models

as benchmark.
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Table 1, Discripticn of the metheds for two CWB radiation models in clear sky

Gas absorption

Spectrum divided
by abscrption band

Broadband
transmission

Temperature and
pressure dependence
of absorption

B. Shortwave

Gas absarption

Broadband
absorption

Rayleigh scattering

surface albedo

H2e and CO2 absorptions considered
only; 03 neglected

one interval including H20 and CO2
absorptions together

A parameterized function of

each gas transmission weighted by
Flank-function for the spectrum
,based on Katayama (1974}

Total transmission is by
miltiplication of each transmissien
Employs one-parameter scaling
approximation, and

scaled function = (PR3 * (To/TT"

onty H20 absorption considered
02 neglected

parameterized formula for H20
sbsorption, based on LOWTRAN
code results

Considered for more than 0.9 am,
a simple parameterized formula
used

He differences betWween direct
and diffuse radiation albedos

¥Zo, co2, 03 and e-type centinuum
absorprions all included
Four grouped intervals named
4. H20 band ceter
(0-340cr” & 1380-1900ca )
2. H20 band wing
(340-540cnt!, BOO-900cm
1130-1380cn , 1900-3000¢r >
3. Co2 band (S40-B0Dc )
4. 03 band (580-1100cm™)
A parameterized function of
total transmission weighted by
plank-function for each Tnterval
, based on Chou & Peng {1983),
Chou (1984} and Harshvardhan {1987}

Also,one-parameter scaling
spproximation; but scaled function

is considered more detailly than
the [eft side, based on Chou &
arking (1980)

H20 and 03 sbsorptions considered

parameterized formulas for HZD

and 03 chsorptions, based on

Lacis and Hasen (1974)

Considered for more than 0.9 am,

amel evaluated with two stream
approximation by Rayleigh optical
depth prescted

A perameterized formuia for direct
radiation sihedo, based on Paltridge
and Platt {1976)

=1 :HERK . CWB GFS fEE s W RS B o

53



Table 2. Net longwave fluxes at the tep of the
atmosphere (TOP), tropopause and the
surface {(SURFACE) for three different
standard atmosphetes.

TOP

LBL EC CHB1 enaz cHB2L

RO 208.3 3020 W44 2921 297.9

ERROR % 1.5 -4.7%  -2.4%  -0.2%

HLS 289.0 292.3 276.9  278.7  267.4

- N P S ¥ R S X
. 3 : Sav . 04.0 19B.3  193.9  203.4
B8 BE 2 FORLLE o ERROR % 0.5% -2.3% -4.5% 0.2%

TROPOPAUSE

TOP E A4 KE1H - TROPOPAUSE LEL EC CHB cue2 cWa2L
O 28 2963 201 T 2.8
WL s SURFA o] 2.2% ~2.8% 1.0% 1.6%
RENER CE M m - Ms 2728 2772 9.0 2Thh 2764
ERROR % 1.6%  -5.0% 0.6% 1.4%

SiW 78,2 185.0  17h.4 1791 183.0

ERRCR % 8% -2 0.5% 2.7%

SURFACE

LaL EC Ty cwB2 cuBaL

RO 66.5 723 B840 69,0 7.5

ERROR % B.7%  26.3% 3.8% 1.5%

HLS 75.0  B&.1  89.5 829 81.6

ERROR % 6.3%  13.1% 4.8% 3.5%

SAW 82.9  85.4  79.2 87.1 5.6

ERROR % 3.0% 4% 3.1% 4.5%

Unit : W [ m*2

LBL : GFDL line-by-line medel.

EC : ECMWF radiaton parameterization.

CWB1 : CWB operaticnal radiation paremeterizetion.

CWB2 : CWB new radiation parameterization.

CHB2L : results of the CWB2, but the vertical grid is 20 layers.

Table 3. Comparisons of shortwave radiation fluxes at surface, and total atmespheric
absorption fluxes for different solar zenith sngles and surface albedos As.

DNSUR 917.1 $31.0 952.7 961.8 951.9 34.8
ABTOT 235.0 223.2 171.5 183.8 206.4 -28.6
NTSUR T47.2 758.1 762.2  80%.1 200.7 53.5

DHSUR 230.6 940.9 967.3 970.7 963.3 2.7
ABRTOT 222.1 214,53 156.9 171.2 196.6 -25.5
NTSUR 758.1 T66.3 773.8 B16.6 810.3 52.2

DNSUR 230.4 237.6 252.7 244.8 240.1 e.7
ABTOT 90.5 88.0 58.4 70.5 4.1 6.4
NTSUR 18B.3 194.1 202.2 167.2 163.9 =244

DHSUR 967.6 995.8 1011.9 1015.3 1007.4 37.8
ABTCT 251.8 269.5 156.% 203.2 234.8 ~27.0
HTSUR 207.4 212.7 202.4 213.1 211.4 4.0

DMSUR 239.1 247.9 283.2 254.2 2493 10.2
ABTOT 6.6 93.6 58.4 73.9 g8.8 -7.8
NTSUR 31.8 53.5 56.6 43.7 42.8 -2.0

DHSUR 261.3 26%.2 301.3 273.8 2716 10.3
ABYQT 75.1 72.3 40.3 52.9 &7.1 -8.0
NTSUR 56.3 57.8 60.3 T 46,9 46.5 -9.8

Unit : W / m**2

MBM : narrow bapd model (Fougquart et af., 1991).

DNSUR : downward flux at surfece. . e o )3 & I o
ABTOT : total absorption. % 3 * @ﬂ%%EQ{LZﬁ%i&
NTSUR : net flux at surface.
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