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Abstract: All the time, because of the limits of observation operator in assimilation system, microwave ob-
servation over cloud area from satellite is often made clear hypothesis, which usually brings an overestima-
ted content of atmospheric moisture. To overcome that, this paper designs a scheme to run RTTOV mi-
crowave scattering module in WRF-3DVAR for taking the information of atmospheric hydrometeors into
assimilating calculation. On this basis, four groups of assimilation contrast tests are carried out for bright-
ness temperature of FY3-A meteorological satellite microwave humidity sounder and reflectivity of Doppler
radar. The results show that the introduction of RTTOV microwave scattering module can effectively sup-
press the overestimate of atmospheric water vapor content. When radar reflectivity factor is assimilated be-
fore satellite data, atmospheric hydrometeors content is increased significantly in this region. As a result,
the scattering effects is increased too. With the area coverage of radar data assimilation increasing, precipi-
tation forecast effect is improved more and more obviously.
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Fig. 1 The distribution of observation bright temperature of Channel 3 of FY-3A MWHS (unit:K)
(a) 09:17 BT 19 August 2010, (b) 10:58 BT 19 August 2010, (¢) 10:00 BT 19 August 2010,
(d) 21:21 BT 24 July 2011
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Table 1 Parameters of basic data of two radars used in this paper
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Fig. 2 Distribution of water-vapor mixing ratio at assimilating time (unit:g « kg™ ")

(a) 400 hPa, (b) 800 hPa
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Fig. 3 Increment distribution of water-vapor mixing ratio from contrast test 1 minus control test (unit: g« kg™ ')

(a, b, ¢) analysis fields at assimilating time, (a’, b, ¢') forecast fields for 22 h,

(a, a’) 400 hPa, (b, b') 600 hPa, (¢, ¢') 800 hPa
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Fig. 4 Same as Fig. 3, but for contrast test 2 minus control test (unit:g « kg™')
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Fig. 6 Same as Fig. 3, but for contrast test 4 minus control test (unit:g » kg™ ')

6b'Fl 6¢") , H A REAR AF S e 13 4 X6 DU 1] AR 3
Rig 7K A v DX A A 2 7K R e o A 1 B
3.2.1.2  BEAKIGRT Lo Hr

Bl 7a & 20 H 08 B 24 h BifpEoKa. MEH
A LA S0 R K S R R RO AT A S 4 S A
F(30°~31°N.,103°~104°E) Hl (27°~28°N,104° ~
105°E) s Horp fe R /K BB 3K 55 mm D) [,

PN 4213 56 T4 B K R R B AR AR AR Ok 4
LB 7K T DX T4 AR 25 A8 R o (H 3 v 3 8 34 5 5
BLABHE A R VG . M BT K RER R e K Rtk
KikF) 55 mm By HA R GR35 1 L5 2 /9
K FEIKIITE 45 mm £ 47 Bl 4 HA 35 mm,
2 T8 3 B0 1Y) B K BT B ) i R G S B0 D S
A i ARG 1 R 2 A0l Y K R d i BRI
HHAL =R AN H L 86 4 o ROk R R IX
5ERFEE i 553 » 10 At s DX K AR — B D3 4b,
LZEOR 6 T LRI, |/ Te H R D 19 X 38 5 K
6" K VI I X I LT- 58 W) 4 - R 0k T W R AL 7R
K G 3R] DS S R AR K TR TR 4 5 e 3 [ K 1
e Mg 1 AR 2 Z 0 KB K.,

3.2.2 T 24 ANBIRALHEE ML R o AT
3.2.2.1 JK¥RIGHIXT H oA

FHXT 8 « 19 AN, 7 « 24 A B 5 X I AL /0N  E
WL R Y A i A B B RO TRl X W AE i
FARE T R AR

X Al G S BRI 1 7 2L e AR Z)
(J&l 8a.8b Fil 8c¢), 7K ¥R & 1Y i KAH 1 BLAE 600
hPa, 3 5ik 3.2 g « kg ', HWWHE A 35 1L 5t &8
FPG I 1 KR4y H X . i 7 & 8a' .8b' Al 8¢ ]
LA KV E AR AR & OB B T DAL o R K
TR BG4 KR I 1 XORN K R R X
B T I PG O e X KK TR Y R T = 2 R
230 E G & X, 2o g & XL, X 3R] T KA
TE2E B 7 o] b A7 A B O 1 5 (7R 2R 2 X, K
TRAE = 2 FUIR R R B R 3 i, v )2 Oy IE B 4, RAE
BARRBRA IS R AT

B9 2Rt a5 2 A x4 36 i K VRIR A L
WA, FALE 2] WL 9a.9b A1 9¢) . X B 2
7K VR o A S 1 A 45 R A — 3k (H Y
SRS NI E0 1 WAL 1L hi T & b oK YRR



%114 S P .RTTOV BUNBETE FY-3 MWHS BB} [l £k H #) 1z T 1469

103 105 107 109°E 97 99 101 103 105 107 109°E
35°N

33

31

29

27

97 99 101 103 105 107 109°E 97 99 101 103 105 107 109°E

Bl 7 20104E 8 J1 19 H 08 W2 20 H 08 Wi 24 h EiFeKR (AL mm)
(a) S8, (b) #HlE, (o K 1, (D 52, (o 4
Fig. 7 Accumulated precipitation of 24 h from 08.:00 BT 19 to 08:00 BT 20 August 2010 (unit; mm)
(a) observation, (b) control test, (¢) contrast test 1, (d) contrast test 2, (e) contrast test 4
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Fig. 8 Same as Fig. 3, but for contrast test 1 minus control test (unit:g » kg™ ')
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Fig. 9 Same as Fig. 3. but for contrast test 2 minus control test (unit:g *» kg™ ')
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Fig. 10 Same as Fig. 3, but for contrast test 4 minus control test (unit:g « kg ')
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Fig. 11  Accumulated precipitation of 12 h from 20:00 BT 24 to 08:00 BT 25 July, 2011 (unit: mm)
(a) observation, (b) control test, (c¢) contrast test 1, (d) contrast test 2, (e) contrast test 4

AR LK 92" 9b'F1 9cH W 5K 1 Ay 4 B 1
BB ARER R 2N TR 1, hnl W, 78
B 1 PR S A Y K PR Y TR R e 0 A U
2 W ERAR B T A RO RO A L EEITIE B
W 2 B8 - R A B A A S SO0 T TS A O
T RE SR E R S A TR —

10 2k 4 AR 43 R g 09 KR TR & L
HOAiE ., MWK 10a,10b F1 10c fFaf DLFE & ik
ORI AR KR A G BB R A E I . S5 A9
FHLE  7E R AL BT 203086 4 i /K PR & b o 7 B0
B ARG L IE G R 0 X B O R 2
X P B 42 [ B B 7 B 401 45 SR v (J&] 10a" . 10 Al
10c i) . MIKEE 4 5iK5 3 M tb ] A . 7
IRGEREY 5K KPR & i 0 0 7 A K
M, 53X 32 2R BN IR G 3 H Y IE 3 & X 7E K 5 4
H Bk B 3 B 0 (E X, L IE A IR/ | 11 A 0
g K.
3.2.2.2  FEARIGHIXT HL AT AT

AR SE R B L E (40, 2°~40, 5°N 116, 7°~
TI7°E)AFAE 12 h (9 RHREK ot s K i ik 120

mm, R4 4 450X K B (& 11b.11c.11d
Ml lle)  NVE X R F R E 4 190 RE X555
AL B N S 1 AR 2 B A7 IS L s A
R KR AR K B R 15 2 AR 4 ROk
KA 3] T 100 mm PA b, s PR A SR SOR
M5 0 4 RO 2 4 1 = 455 1 3
5 1 A 2 M PRSCR A 22N K, 5 8« 19 A
1) BT A5 4518 — B,

4 75

i P 2010 4F 8« 19 % Y 2 A2 A b 5t
2011 45 7 « 24 ZE W R UEAT IR AR AF 5 X LE » 45 2R 3R
.

(D) e s BB AL L SO RTTOV_
SCATT 5 KK BEY 1 15 B a8 A TR AL i 3+ 3
Hh AT LA R i R P AT 1) 07 325 T S BUR 0 R
FRPCT R R AT BLG . AT L AR E AR S Rl
GERHE 23 BB 7 5 5 WL S8 1) i A T AT
AR



1472 A

% 939 %

(2) il RTTOV_SCATT % F 8| A K& %t
R HCRAE RS S /K YR 3 RO Ge 0% 15 2
AN A TR R B e AR R RS
RTTOV_DIRECT Ay 45 J A+ —%k .

(3) A E IR RS A F AR S [\ A X A
9 R ASK BEY) B i WD 3 s DA A 3% X 8 1 T2
BGORHFEEZE R KA KR & i 1 /) i 2]
R T H A X

(4) RTTOV_SCATT H{i Fi XiF [ 7K T 412 ) [
e AN . T TR T I8 [ Ak i X L B R
TROUL TN % A 4 5 Y BT % 1 O e bR 4 09 W)k
ESON Y/ SIEEERTE NN E

A 51 R K IR BE LS W i
PR RN - 7E B4 R AL FY-3 1ok 1 B %% Rk ) fi R
W Sz Wt DR AR 1 K BE AR S DT Bl i T e 1Y
BOZE A . 25 26k 55 o8 1 g ik T k2 W
2o AT LAZE A 224 W0 T 2 ) 0L R s R 3k b
A TRAEIT [E]43 BER A JE . DA R 238 23
BR AT IR GERE R WR b B IR S W) B 5 RO
JE A TR R A IR

2% Uk

A S A T, 5EL 2009, K W 2 R IX TR ARl R Y ASE 4L
. ARG 20(6) :682-691.

O L AR IR 55 2008, BfE K AT 1R BEOREF AL AL
PR AN . LR A 36(1) 2 1-7.

BLE XS B, 45 2006, TR BEOREAR 43 A A6 7E — Uk R R B 2R
TP R . R # 4, 17(3) 2 363-369.

R XL 2012, PRESGH R E—HLB S5 HIR. L4382
129-146.

el N SCL AR BT L 4. 2011, GRAPES-3Dvar 5 35 B¢ 8} B 42 [ 1L
X Y 5% W (L A5 M Y A BT AIF ST U4, 37(4) 1403411,

XU BT #AA A L 25, 2013, T9AL W8 RL0 B[] 4k 137 ) % X 38R %%
TR S 20 . 5. 39(2) 1 156-165.

A 3 IO SRS L 45 2010, 78 & KB TR b R 4 ATOVS i ¥t
BHOBFSE T — % & KUt A2 W4l S8 #3152 . (55 27 Ji o
BTG A 23 g E RAIIE 5 B oy 22 518 S8R,

TR . 2003, B 5 F1 LR BERHE o RO B (A S0UBF 52 T it o A R
R

IRBT IR A B SO 2002, T 36 A TR BERHE T ROBERE i)
0. R REE,22(2) 1 167-174.

Koch S E, AKSAKAL A, MCQUEEN J T. 1997. The influence of
mesoscale humidity and evapotranspiration fields on a model
forecast of a cold-frontal squall line. American Meteorological
Society,125 ; 384-408.

Milan M, Venema V, SCHUTTEMEYER D. et al. Assimilation of
radar and satellite data in mesoscale models: A physical initial-
ization scheme. Meteorologische zeitschrift,17(6) :887-902.

Rogers R R, Yau M K. 1989. A Short Course in Cloud Physics, third
edition. Burlington, Ma: Butterworth-Heinemann.

Smagorinsky J. 1960. On the dynamical prediction of large-scale con-
densation by numerical methods. Physics of Precipitation,71-78.

Sokol Z.Pesice P. 2009. Precipitation forecast by the COSMO NWP
model using radar and satellite data. Landshut. GERMANY,5th
European Conference on Severe Storms.

Sun J, Crook N A. 1997. Dynamical and microphysical retreval from
Doppler radar observations using a cloud model and its adjoint.
Part I: Model development and simulated data experments. At-
mos Sci,54:1642-1661.

Sun J, Crook N A. 1998. Dynamical and microphysical retrieval from
Doppler radar observations using a cloud model and its adjoint.
Part II; Retrieval experiments of an observed Florida convective
system. Atmos Sci,55:835-852.

Weng F, Han Y, Van Delst P. 2005. JCSDA Community Radiative
Transfer Model (CRTM).

Xiao Q,Lim Eunha,Won D-J,et al. 2008. Doppler radar data assimi-
lation in KMA soperational forecasting. Bull Amer Meteor Soc,
89:39-43.

Xiao Q,Sun J. 2007. Multiple radar data assimilation and short-range
quantitative precipitation forecasting of a squall line observed
during THOP 2002. Mon Wea Rev,135:3381-3404.

Xiao Qingnong,Kuo Ying-Hwa, et al. 2006. Assimilation of Doppler
radar observations with a regional 3DVAR system: Impact of
Doppler Velocities on Forecasts of a Heavy Rainfall Case. ] Appl
Meteor,44(6) . 768-788.

Xu J,Wan Q, Wang D. 2006. Application of ATOVS Radiance Data
Assimilation in Prediction of Rain storm over the South China

Sea.



