62 2 Vol. 62, No.2
2004 4 ACTA MET EOROLOGICA SINICA April 2004

WTFE EWMF KER BELE

( ., 100081)
RRTM (LWR) LWR :
(OLR) 300 500 hPa LWR ; 850 hPa LWR
, LWR ; s LWR ; s
, LWR s LWR
s s 03 LWR
WRF RRTM LWR 2 N NCEP/AVN
2d LWR ,OLR 500 hPa LWR
N LWR
, RRTM s , , WRF
1 2
( ) , CO2
(LW) 03 LW
15 Bm CO2, 6.3 Hm
) ) 9. 6 Um O3
LWR LWR CO- (08 ,
, LW 1/3
CO2 ,  CO»
s LWR o o
Mlawer 'Y g ’ :

RRTM (A rapid radiative transfer model) ’

( ) ) G
o
Kunde [?! IV ,
,  CO2 ,
190 K ,
* : 2003 8 7 : 2003 12 16
“ ? :« ”( :2001BA607B0O)

" " : G 1999045700)



62

214
[1]
> RRTM er MLS, TRO, MLW  SAW
, RRTM LBLTRM ,
RRTM LW 0.6 W/m?,
(10~ 3000 cm™ ') (10~ 3000 em™ ') LOW/m’;
, 03, CO», CHs, NO> 0. 07 K/d,
RRTM k Lk 0.75 K/d
(LBLRTM) , 2.2 RRTM
RRTM ,
LW 3 RRTM LW
2.1 k k (1) 2
LW 3 .(2) ( Planck)
) .(3)
LW | RRTM LW
, 1 1050~ 96 hPa,
, k 96~ 0. 01 hPa, 8
5] 317 hPa ,
k v k g ’
k , Sv Cloogh Tacono!®!
T(w/) = J.& e k"(P’O)1”/dv/6v = je_ kw,g(k, p,0)dk
- i;“i(p, 0)e " (1)
w' cai=g( ki) Nk
> > k .
k _ S W,
1—1_S1W1+ Ssz (2)
E oo, S S2
, , Wi W2 (2)
LBLRTM  RRTM , , 1 2
LBLRTM k , 0 1 1
RRT M, ki 1992 n
HITRAN Lol
CKD2. 117¥  RRTM LBLRTM
, 10° , )
k g 16 Mlaw-



WRF

215
1 RRTM
Table 1 Spectral bands and the atmospheric species in RRTM
(em™ 1)
1 10~ 250 H,0 H,0
2 250~ 500 H,0 H,0
3 500~ 630 H,0, CO, H,0,C0,
4 630~ 700 H,0, CO, €0,.0,
5 700~ 820 H,0, CO, cel, €0,.0,
6 820~ 980 H0 €O,, CFC- 11, CFC- 12 CFC- 11,CFC- 12
7 980~ 1080 H,0, 03 Co, 0;
8 1080~ 1180 H0 €O,, CFC- 11, CFC- 12 0;
9 1180~ 1390 H,0, CHy CH,
10 1390~ 1480 H0 H,0
11 1480~ 1800 H0 H,0
12 1800~ 2080 H,0, CO,
13 2080~ 2250 H,0,N,0
14 2250~ 2380 CO, Co,
15 2380~ 2600 N,0, 0,
16 2600~ 3000 H,0, CH,
RRTM RRTM
g 16 (hPa) (K)
; 2 (g/g), 03
-6
2 RRTM g (g/e) CO» (x107) ( )
Table 2 Boundaries and weights of subintervals in s
g space used in RRTM 3
g I
1 0. 00000 0. 15275 0. 15275 LWR s (
2 0. 15275 0.30192 0. 14917 0; €O, ) (RRTM
3 0.30192 0. 44402 0. 14210 )
4 0. 44402 0. 57571 0. 13169
5 0.57571 0. 69390 0. 11819 LWR .
6 0. 69390 0. 79583 0. 10193 ,
7 0. 79583 0. 87911 0. 08328 LWR
8 0. 87911 0.94178 0. 06267 o co
9 0.94178 0. 98427 0. 04249 ’ 3 2
10 0. 98427 0. 98890 0. 00463 LWR
11 0. 98890 0. 99273 0. 00383 3.1
12 0.99273 0. 99576 0. 00303
RRTM
13 0. 99576 0. 99798 0. 00222 L
14 0.99798 0. 99939 0.00141 ’ 59,96 hPa
15 0. 99939 0. 99993 0. 00054 20 , 400
16 0. 99993 1. 00000 0. 00007 ~ 96 hPa . 400~
700 hPa 700 hPa
2 ) g= 0. 98 g=1.0 13 400 700 hPa
7 )
4 ) 2 1 ,
1 k 300, 500 850 hPa
2.3 I 273.15K )
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0.30xe *,0.15xe * 0.15xe * €O, W/m’, 500 hPa LW
0.355% 10" 3, 0.996 3 188. 16 W/ m>
,LWR  (W/m?) 118.16  123.07 W/m?,
5 (W/m?) 850 hPa LW 98.59 W/ m’
Table3 LWR fluxes(W/ m?) in the presence of couds 71.38,68.16 W/ m27
LW 43. 15 W/ m?
OLR 28431 197. 46 252. 89 278. 67 LWR ,
300 hPa 235.28 101. 45 203. 52 229. 62 , ( ) LWR
500 hPa 188 16 118.53 123.07 182. 44 , LWR (
850 hPa 98. 59 71.38 68.16 43,15
360. 38 377.42 379. 61 405. 04 ) ? LWR( )
63. 00 46. 03 43. 85 18.53 , LWR
360. 38 W/ m>
OLR 377.42,379. 61  405. 04 W/ m°,
LWR 63. 00 W/ m*
, OLR , OLR 46.03,43.85 18.53
2
3 ,OLR 284. 31 W/m? W/m?, LWR
278. 67 W/ m? OLR , OLR, 300 500 hPa
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Fig. 1

)

Longwave radiative cooling rate(K/d) profiles in standard midlatitude summer atmosphere

(Solid, long dash, short dash, and dot lines are clear skies, high, middle, and low clouds respectively)
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LWR ,LWR LWR (W/ m?
, , 300 hPa 4 2,3 , ,
, 300 hPa ,OLR
. 2 284.31 W/m® 296. 49 W/ m?,
, 300 hPa ,300,500 850hPa LWR
1~ 2 K/d , 235.28,188.16  98.59 W/m?
500 850 hPa 2 253.80,208.76  122.16 W/ m",
7.87%,10.95%  23. 91%
,LWR LWR 63.00 W/m*
LWR : 94.78 W/ m”, 50. 44%
, LW
360.38 W/m* 328. 48 W/ m®
8. 85% 50% , ,
(59 ) OLR :
, LW . .
/ LWR 39.30%  64.86%
LWR , LWR
\ LWR
3.2 33 0
\Y 03 (800~ 1200
, em™ ) 9.6 Hm 1,03
, , 1200~ 2000 7 (980~ 1080
an” ' 6.3 Hm 500 em™ ! em Y, : 4~ 5 :
1 s CO, ; 7~ 8
, 14~ 15 03 ,LWR
1,2,3 10~ 11 05 03
, LWR .5
, .4 03 LWR  (W/m?
4 5
(W/m?) (W/m’)
Table 4 LWR fluxes( W/ m?) in different water Table 5 LWR fluxes( W/m?)in different ozone
vapor content with clear skies concentration with clear skies
LW 50% Lw o o 50% >
OLR 284. 31 296. 49 275. 65 268. 66 OLR 284.31 286. 18 283.24 282.49
300 hPa 235.28 253.80 222.75 212.96 300 hPa 235.28 237.19 234. 14 233. 31
500 hPa 188. 16 208.76 174.12 162.97 500 hPa 188.16 191. 14 186. 44 185.27
850 hPa 98.59 122. 16 79. 35 62.22 850 hPa 98.59 100. 38 97.97 97. 67
360. 38 328.48 385.25 401. 41 360.38 359. 36 360. 67 360. 80
63.00 94.78 38.24 22. 14 63.00 64. 02 62.71 62. 58
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Fig.2 Outgoing longwave radiation at the top of the amosphere( W/m?)
(a. 48 h forecasts, initial date is 6 Sep 2002( 12Z), b. analysis field at 8 Sep 2002( 127Z), and c. errrs field)
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3 500 hPa ( gpm)
(a. 2002 9 6 12 48 h ,b. 2002 9 8 12 ,C. )
Fig.3 Geopotential height field at 500 hPa(gpm)
(a. 48 h forecasts, initial date is 6 Sep 2002( 12Z), b. analysis field at 8 Sep 2002(12Z), and c. errors field)
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Fig.4 Net LWR at 500 hPa( W/m?)
(a. 48 h forecasts, initial date is 6 Sep 2002( 12Z), b. analysis field at 8 Sep 2002( 127Z), and c. errors field)
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Fig. 5 Net LWR at the surface(W/m?
(a 48 h forecasts, initial date is 6 Sep 2002( 12Z), b. analysis field at 8 Sep 2002( 127Z), and c. ermrs field)
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Fig.6 Net LWR at the surface(a, W/m?), geopotential height field at 500 hPa( gpm) ,
accumulated total precipitation(mm) (b), and errors field of net LWR at the
surface(c, W/ m? , for 48 h forecasts, initial date is 6 Sep 2002( 127)
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6 RRTM 6 h (W/m?), 1
2002 9 6 12, 2 2002 12 16 12
Table 6 RMS errors(W/m? of LWR for 6 h intermittent forecasts, initial date
is 6 Sep 2002(127Z) for case 1, and 16 Dec 2002(12Z) for case 2 respectively

(h)

LW

6 12 18 24 30 36 42 48
1
OLR 2.57 3.49 4.84 5.42 4.93 5.65 6.78 9. 82
500 hPa 4.48 6.29 8.51 9.39 9. 60 11.13 12. 39 15.58
3.77 4.30 6.96 7.93 5.46 6.17 8. 84 15.51
2
OLR 3.29 4.78 4.93 5.49 6.37 7.05 7.11 7.51
500 hPa 5.60 8.51 9. 66 10. 65 12. 13 12. 96 13.29 13. 06
4.27 5.28 5.31 5.89 5.59 5.87 6. 54 7. 49
, 1 48 h ) 3W/ m?,
OLR, 500 hPa LWR
42 h 6.78,12.39 8.84 W/m’ , WRF , :
9.82,15.58 15.58 W/m? (1) RRTM OLR 500 hPa
4. 84%,25.75%  75. 45% 2 , OLR
( ) LWR
5.63%,- 1.73% 14.53%, ,48 h OLR
, 15 W/ m?
5
(2) 500 hPa LWR
LWR , LWR
, 03 CO2 R
LWR : : 80 W/m® OLR
(1) OLR : , , 48 h 500 hPa
OLR  30. 54%, LWR : 25 W/
11.05% 1.98% m’
(2 OLR, 300 500 hPa LW (3) LWR :
: 850 hPa LW LWR
Lw i LWR
(3) ,LWR ; :
, LWR ; : 500 hPa
: LWR
(4) , LWR 500 hPa
, LWR 48 h LWR
. LWR (4 LWR ,
39.30%  64. 86% , LWR
(5) O , LWR : LWR

, LWR



226 62

Mlawer E J, Taubman S J, Brown P D, et al. Radiative transfer for inhomogeneous atmosphere: RRTM, a validated correlated k model for the
longwave. J Geophys Res, 1997, 102(D14): 16663~ 16682
Kunde V G, Conrath B J, et al. The Nimbus IV infrared spectroscopy experiment. 2. Comparson of observed and theoretical radiances 425~
1450 em™'. ] Geophys Res, 1974,79: 777~ 784
R . . ,1991, 49(4) : 683~ 492
R . . , 2002, 60( 6) : 766~ 773
Arking A A, Grossman K. The influen ce of line shape and band structure on temperatures in planetary atmospheres. J Atmos Sci, 1972, 29: 937
~ 949
Rothman IS, et al. HIT RAN molecular database: Edition’ 92. J Quant Spectrosc Radiat T ransfer, 1992, 48: 469~ 507
Clough S A, Kneizys F X, et al. Line shape and the water vapor continuum. Atmos Res, 1989, 23: 229~ 241
Clough S A, Tacono M J, et al. Lineby-line calculations of atmospheric fluxes and cooling rates: Application to water vapor. J Geophys Res,
1992, 97: 15761~ 15785
Manable S, Wetherald R T. Thermal equilibrium of the atmosphere with a given distribution of relative humidity. J Atmos Sci, 1967, 24:241~
259
Manable S, Wetherald R T. The effects of doubling the CO, concentration on the climate of a general circulation models. J Atmos Sci, 1975, 32:
3~ 15



2 : WRF 27

THE SENSITIVITY OF LONG WAVE RADIATION TO ATMOSPHERIC
CHANGES AND THE SIMULATING IN THE WATHER
RESEARCH AND FORECAST(WRF) MODEL

Shen Yuanfang Huang Liping Xu Guojiang Xue Jishan
( Chinese Academy of Meteorological Sciences , Betjing 100081)

Abstract

T he tests on sensitivity of long wave radiation (LWR) to atmospheric changes using RRTM radiative pa
rameterization have been made. The result shows that the reduction effect of high cloud on the OLR, 300 and
500 hPa surface net long wave (LW) flux is larger than middle and low cloud. The reduction effect of low cloud
on the 850 hPa and the surface net LW flux is larger than middle and high cloud. The effect of clouds on LWR
cooling rate is the largest in the presence of clouds, and rapidly decreases under the cloud levels, and is not inflr
enced above the cloud levels. Downward LW fluxes at ground surface would decrease or increase, but net LW
fluxes would reverse with the decrease or increase of water vapor content, also the closer to the ground surface,
the larger the effect of water vapor changes on LWR. The effect of ozone on LWR is smaller relative to cloud
and water vapor. This paper discusses two cases in different season of applying RRTM scheme to forecast LWR
n WRF model and gives the results of forecasting and verifying all over China in the two days using the NCEP/
A VN analysis data. The results show that OLR and 500 hPa surface net LW flux is very correlative to geopoterr
tial height field, but net LW flux at ground surface is also influenced by topography to a large extent. In addr
tion, the errors of LWR increase with forecast time, but they possess the character of diurnal and seasonal varia
tion, the forecast errors of net LW fluxes at ground surface are a bit smaller in the nighttime than in the day-
time, and the forecast error growth of LWR with forecast time is larger in summer and autumn than in winter.

Key words: Long wave radiation, RRTM parameterization scheme, Atmosphere changes, Sensitivity,

WREF model.



