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® RRTMG : a Rapid Radiative Transfer Model for GCM

- Developed at AER (Atmospheric and Enviromental Research Inc.)
- Utlizes the correlated-k approach to calculate SW / LW fluxes and
heating rates.

® RRTMG scheme - Global and Regional Model Applications.

Inc. System RRTMG-LW used RRTMG-SW used
ECMWEF | IFS,ERA40 2000/06 ~ v4.84 2007/06

MPI ECHAMs5 2002 ~ v4.84

NCEP GFS 2003/08 ~ 2010/07 ~

NCEP CFS 2004 ~ 2010/09 ~

NCAR | WRF-ARW 2009/04(WRFv3.1) |2009/04(WRFv3.1)
NCAR CAMs5,CESM1 | 2010/06/25 2010/06/25




Correlated - K method
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Correlated - K method
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Fu-Liou vs. RRTMG

Shortwave Radiative Transfer

Fu - Liou RRTMG

® Solution of RT equation : ® Solution of RT equation :
Two - streams method, Two - streams method,
Delta-Eddington approximation Delta-Eddingten approximation

® Spectral intervals : (Correlated — k method ) | ® Spectral intervals : (Correlated — k method )
- 11 bands & 38 g-intervals - 14 bands & 112 g-intervals

® SW absorber : H20, 03, ® SW absorber : H20, 03, CO2, N20, CH4, 02,
neglect minor gases and aerosols effect. aerosols

® No McICA - (Monte Carlo ® Includes McICA for sub-grid cloud information
Independent Column Approximation)

® Cloud overlap assumption ® Cloud overlap assumption
- maximum-random -radom / maximum-random

® Water & Ice clouds : ® Water clouds : (Hu and Stamnes , 1993)
( Chou and Suares(1999) ® Ice clouds : (Fu, 1996)

® Reference : ® Reference :

(Fu and Liou, 1993 ) ( Mlawer and Clough, 1997, HouY.-T., 2002 )




Fu-Liou vs. RRTMG

Long wave Radiative Transfer

Fu - Liou RRTMG

® Solution of RT equation
Delta - two and four stream approximation

® Solution of RT equation
Two - stream method

® Spectral intervals : Correlated — k method
- 12 bands & 67 g-intervals

® Spectral intervals : Correlated — k method
- 16 bands & 140 g-intervals

® LW absorber : H20, 03, CO2, CH4, N20,
CFC-11, CFC-12

® LW absorber : H20, CO2, 03, CH4, N20, 02, CO,
CFC-11, CFC-12, CFC-22, CCL4, aerosols

® No McICA - (Monte Carlo
Independent Column Approximation)

® Includes McICA for sub-grid cloud structure and
distribution to interact with radiation

® Cloud overlap assumption
- maximum-random

® Cloud overlap assumption
-radom / maximum-random

® Water & Ice clouds :
( Chou and Suares,1999)

® Water clouds : (Hu and Stamnes , 1993)
® Ice clouds : (Fu, 1996)

® Reference :
(Fuetal.1998; Fong, 1998 )

®Reference:
(Mlawer et al., 1997, Morcrette et al. 2001 )




Ozone parameterization

M Based on Cariolle and Deque(1986)

» The parameterization assumes that chemical change in
ozone can be described by a linear relaxation towards a
photochemical equilibrium.

do,
dt

=C,+C,(0,-0,)+C,(T-T)+C,(01-0!) , C,:relaxation rates

Ol(p)=—j§%dp' , T, O, , O!: equilibrium values.

> the relaxation rates are determined from a photochemical model.
(NASA 2D Chemistry model)



Experiments and Evaluation

Experiments: 3 exp. in different seasons
for operational request .

Sep. Exp. : 2015/09/04 -2015/09/13
Jan. Exp. : 2013/01/01 - 2013/01/10

Jul. Exp. : 2015/07/01 - 2015/07/10

- 20 cases in each experiment.

- 5-days (120 hours) integration for each case.
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(1) Sep. Exp.: 2015/09/04 -2015/09/13

- Experiment : .

® Fu-Liou (Ozone -on) : blue line

o RTMG + Ozone-on : red line

O  RRTMG + Ozone - off : sky-blue line
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September exp. :2015/09/04 - 2015/09/13

For North Hemisphere :
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(2) Jan. Exp: 2013/01/01 - 2013/01/10

(3) Jul. Exp: 2015/07/01-2015/07/10

Experiment :

winter /summer cases of North-Hemisphere

® Fu-Liouscheme : blue line

® RRTMG scheme :red line



Jan . Exp. ( winter ) : 2013/01/01 - 2013/01/10

4 RRTM{{ 4 RRTMG
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July exp (summer) :2015/07/01 - 2015/07/10

For North Hemisphere :
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For lower layers, Fu_Liou scheme is better,
For upper layers, RRTMG is better !!
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July exp (summer) : 2015/07/01 - 2015/07/10

For South Hemisphere : The scores of RRTMG are better !!
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RRTMG scheme improves cold bias at model top

Fu-Liou - RRTMG
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MODEL LEVEL
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Evaluation by ERA-interm data

R e\ | [\
f "i i | fa B 5 = — o 1 { ‘: |
Service Observation Climate Forecasts Satellite Earthguakes Marine Radar Astronomy
e —




ERATS 000 HOURS FST-MEAN firad7 120 HOURS FST-MEAN rrimg7? 120 HOURS FST-MEAF
10 Zonal-Mean Cloud ion(1.E-6 2015070600-2015071012 10 Zonal-Mean Cloud ion(1.E-6 2015070100-2015070512 10 Zonal-Mean Cloud ion(1.E-6 2015070100-201507051
20+ 20+ 20+
30 30 30
. Summer exp. " "
7O 7O 7O
100 - 100 - 100 -
g 150 g 150 g 150
E o} E o E o
=2 =2 =2
o a5y 0w a5h 0w a5h
T 300 T 300 T 300
400 - 400 400
500 - 500 500
T00 T00 T00
850 850 850
925 - o025 o025
1000 1000 1000
05 605 305 0 30N 60N 90N 05 605 305 0 30N 60N 90N 05 605 305 0 30N 60N L

1] 10 20 30 40 50 60 70 80 9% 1] 10 20 30 40 50 60 70 80 9% 1] 10 20 30 40 50 60 70 80 9%
MEAN= 5249 DataFrom 0.0To 78.1 MEAN= 5.350 DataFrom 0.0To 494 MEAN= 5371 DataFrom 0.0To 52

ERA75 _ 000 HOURS FST-MEAN firad2 _ 120 HOURS FST-MEAN rrtmg3 120 HOURS FST-MEAN
10 Zonak-Mean Cloud 1.E6 2013010600-2013011012 10 Zonak-Mean Cloud 1.E-6 2013010100-2013010512 1o Zonak-Mean Cloud ion(1.E6 2013010100-2013010512
Ll 20 - 20 b
30 a 30 30
i Winter exp.
50 50 50
- 70 70
100 - 100 - 100 -
2 s 2 s 2 s
T a0} T a0} T a0}
a 250 | a 10 =2
g g > & g =
T 300 T 300 20| T 300
400 - =
100 - 20, n 100
500 500 -1 500 i
700 700 - ' 700 -
) w0 2 @O - 80 -
925 925 - 925 |
1000 1000 1 1 | | 1 1000
905 205 605 30S 0 30N 60N 90N %0s
LATITUDE
20 30 40 50 60 70O 80 90 0 10 20 30 40 50 60 7O 80 90 0 10 20 30 4 50 60 70 80 90

MEAN= 4.902 DataFrom 00Teo 622 MEAN= 5.027 DataFrom 0.0To 38.1 MEAN= 5.103 DataFrom 0.0To 421



Global-Mean 000 HOURS FST-MEAN
RH (%) 2015070600-2015071012
10 T T T T T
I ERATS |
i rrtmg7 |
50 - firad7
m - .
__100} -
m
E 150 - i
I 200 -
g 250 - 1
]
W 300 - .
o
400 - .
500 - .
TOO=—= = - - - - - -
850 - 1
g25 .
1000 L

2015070100-2015070512
Taul120-ERA 000 HOURS FST-MEAN
10 RHC2) 2015070600-2015071012
T T T T
ERA75
i rrtmg7 ]
50 - firad7
m -
__1oof
m
E 150
& 200 -
g 250
i}
o 300
o
400
500
—r Q0=
850
925
1000 L
0 10 40 50 60 70 8c
RH (%)

120 HOURS FST-MEAN

PRESSURE(MB)

ﬁﬁ%

120 HOURS FST-MEAN

2015070100-2015070512
Tau120-ERA 000 HOURS FST-MEAN
10 Cloud condensation(1.E-6 Kgll(g? 2015070600-2015071012

T T T T T T
i ERATS5 |
i rrtmg7 |
50 firad7 A
m -
100 b
150 b
200 :
250 b
300 k
400 1
500 b

0 3 6 9 12

15 18 21 24

Cloud condensation(1.E-6 Ka/Kg)

Global-Mean 000 HOURS FST-MEAN
RH (%) 2013010600-2013011012
10 T T T T T T
n =
—  ERATS
30 rrimg3 |
50 firad2 -+
m - -
__ 100 .
m
= 150 J
I 200 - .
® 250 - .
7]
W 300 | _
o
200 - .
500 .
700 =—— e o o = - - — e = -
850 1
- .
1m 1 L L 1 1 L 1
1] 10 20 0 40 50 60 70 80 aC

PRESSURE(MB)

-

120 HOURS FST-MEAN
2013010100-2013010512
Tau120-ERA 000 HOURS FST-MEAN
RH (%) 2013010600-2013011012
10 T T T T T T T
ERATS |
rrimg3 |
50 firad2
70 4
100 1
150 [ E
200 - 1
250 1
300 [ E
400 [ 1
500 [ 1
7000 = e o = = o= —-— e =
850 [ b
925 |- 1
m 1 1 1 L 1 1
0 10 20 40 50 60 70 80 9C
RH (%)

PRESSURE(MB)

-

120 HOURS FST-MEAN

2013010100-2013010512

Tau120-ERA 000 HOURS FST-MEAN

10 Cloud condensation(1.E-6 Kg/Kg) 2013010600-2013011012

T T T T T T T

i ERATS5 |

i rrimg3 |

50 firad2 -

m -

100 b

150 b

200 :

250 b

300 k

400 1

500 b

m - - - . . ..

850 b

925 1
000

0 3 6 9 12

15 18 21 24 23

Cloud condensation(1.E-6 Ka/Kag)



Less low clouds = less reflection of SW = larger downward SW at surface

More high clouds = more LW trapped = smaller OLR at TOA
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Summary & Future work

+ In general, RRTMG package and ozone prognostic
scheme have better performance for most cases,
especially in south hemisphere.

+~ RRTMG scheme improves the cold bias at model top .

+ Cloud radiative forcing is one of the most important

process in radiation scheme. In the future, we have to
continue our efforts to improve model moisture field and
cloud, to lead to more proper cloud-radiation process in
CWBGFS.
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