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Abstract The Fengyun-3D satellite (FY-3D) Microwave Humidity Sounder (MWHS-II) successfully
monitored the Typhoon “YAGI” (2411). In this paper, a three-dimensional variational assimilation
framework of FY-3D MWHS-II data in clear sky is constructed in WRFDA. By setting up a single-band
and dual-band joint assimilation and prediction experiment scheme of 118 GHz and 183 GHz, the micro-
wave data assimilation and the forecast effect on the intensity, path and precipitation of Typhoon “YA-
GI” are systematically evaluated. The experiment shows that the assimilation of FY-3D MWHS-II data
effectively improves the quality of the analysis field, and also has a positive impact on the forecast of ty-
phoon intensity, track and precipitation. For the typhoon forecast, the assimilation of 118 GHz and 183
GHz channels improved the typhoon path forecast by 17.18% and 13.39% respectively, and the assimila-
tion of 183 GHz in the ocean area made the path forecast improve by 14.59%. For the precipitation fore-
cast, the assimilation of MWHS-II data significantly improves the hit rate of medium and small rainfall
levels (< 25 mm) in the initial 24 hours, among which the 118 GHz channel has a unique advantage in
forecasting heavy rainfall (> 50 mm); The improvement effect of 183 GHz channel gradually appeared
after 24 hours, while the dual-band joint scheme showed comprehensive advantages, and the FSS score of
precipitation in each magnitude was significantly improved compared with the control experiment. The
differential improvement effect of FY-3D MWHS-II’s 118 GHz and 183 GHz frequency bands on differ-
ent forecast elements highlights the unique application value and potential of FY-3 MWHS-II data in re-
gional typhoon numerical forecast.
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MWHS-II channels at 118 GHz and 183 GHz

367



368

(B 5Y). AW 50, Hh B SRz
P 2250 B A DN ER 300 A 05T, HC rh gyt SN
i, RWLINR2ZE W7 225680, H Wi+, BAH
AR B AR5 BRI 23 6] (1) e
1.3 HIETAE

SR O s L 0 B R A B R4 R e, R Rk
AT 2% FY-3D MWHS-IT %R BEATFALFE. 3 WL
Ab PRy A ALHE T A AR 22T 1E . AHIESE il 1)
JRCE ) 7 S WA, S5 1 IR M A1
F 90 K FilmF 340 K 1) T A UM s Hb R A Ak
DU, S B30 53 T A b 2 1 T O 458k i it A
W, SBEIHEL e AMIY 8 AMEIC B TR =K,
S 6% O 26 1T T 5 WL 3 512 22 (Observation Minus
Background, OMB) # it H = A5 22 18 ; =k
W, SERH =5 = RS K %12 (Cloud Liquid
Water Path, CLWP) CLWP=0.2 mm X} Jij [X 3 ]
SR A 20 BRI, T DB (EIE 1 R
i 15) X HUSS F5 %X (Scatter Index, ST) #4728, 24
SI>4.0 K B, X532 2252 M AR A 746 DU I 53 53

£ EGORFE LR G, WINPT 5ol 22
IBE R T, PR SR A A | ke A R g 2
AR T GRS T (9 B 4 Dt 22 5 |2 1 L0 5 e g 2
SR TEARIE A s P R () A R 7 i
Se {22 A TITIE. T3 LI 22 T ) O 238 3 1T AR
h— UL HR R F p AL A, St 1T IR 5 AL
FHRRH

H(zp)=H@+6+> Bp. ()

o, BoJ M 25 P B BG4y, pod& S A TR R
B i M 22T IE BB 2517 1F R 50nT LU i 7
AR A3 Tl A3 i v S S 20 RS S 25 3T IE
AR AR 21T IE D7 58, e RL T, A
PRIESCHE AR Uit 25 SRR AR kAR /M, D

J(x,B8) ==(x —x,) B~ (& — x,) +
(B—5) Bs (B~ )+

y—H @B R |y—H (8.
3)
S, B, K BRI TE REC B, By i BRI

N =N~ DN

* https://rda.ucar.edu/datasets/d083002/

Chin. J. Space Sci. =AFFFIR 2025, 45(2)
T Zm2ZESEL
2 IR

2.1 A “ER NE

“ X BEFR” (YAGL, 45 2411) T 2024 4E 9 H
1 H 23:00 BJT 7EIEHERE IR TR ), %6 Xk
AR HAZmaE R, 2 2024 4F55 11 Hldn 24 1R
2 75 9H 2 H 14:00 BIT 7 TR I R 56 I 44
1109 km WY _E, HOBHE SRR 8 94, SREE
P R, 9 H 3 H 09:00 BJT, “BEH” A
TR, Tt B R U 9 9% 17:00 BT, 5
FE R s R, 2 )5 LAAR/INEE 10 km 2647 A
I PERAL T sl 76 9 H 4 H 05:00 BJT {iFH [
Y B 45 SC B TR 75 7 24 760 ke Y R AR AL 3V THG
b, LT R RS R 11 9%, 7 08:00 BJT s hy
&K, FEAE 23:00 BIT dE— TR ARG K. A
9 H 4 H 04:00 BJT #2, HA W] i 15 o 2, I 78
9 J1 6 H 05:00 BJT 4758055, T F Mg 55
S i i ol o RV R ) AR I, S AR R
R DG, 45 AR UTER I 5 s T 3Kk
2.2 #HABE

A B G AH ] R B R IR B 2 WRE
(Weather Research and Forecasting Model) V4.4 {E
R, R R LA WRFDA V4.4 1) =4t
Aoy RARB AR AR, 8 RTTOV 14 il
B RCCEER” EAT I 23 Ak K . oY
fifi 1 NCEP 0.25°x0.25°f) FNL V. 45 4Bk 5 #r £
YRR TIA RS, SRR G FY-3 TR
Wwokt, WA SEREEREE. s r A
TP TVEE R T RE Y 19 S i 2 A (1] 2), 7K T D s ]
439020 15 km 1 5 km, A& 25055510 360264 Fil
195x 195, PI~ X3 af f 45 2, #EX)Z T4 10 hPa.
A2 D01 Mk FEE 5 T EEAR . BRI, DI
AV ANAR I (0B 43 M DX, A T — e 0 5 i v [
BINRGE KL L R T X N2 D02 7l LA A 3R
a5 IFeh, s T A K ERILGR .

AR AR T LA T ¥ S804k )7 % WRF
Single-Moment 6-class scheme (WSM6) Z: £ {k 75
%5 gk 55 Dudhia 2P R g1 o R


https://rda.ucar.edu/datasets/d083002/

B@E F REZ5 D ZAREHES R TER” TR P

e o 48 B 1% Ky B A (Rapid Radiative Transfer
Model, RRTM)™ #EA2# (Yonsei University, YSU)
DL =y LA S Vi -SN (Monin-Obukhov)
LITHE . Gi—I1 Noah Bl A AL A Kain-Fritsch iz
X SR =,
TEREAT RIS Z /i, FIH] GEN_BE 14480t
W RZETT M TR, RH CVT FEHIAS R T 5, 3
T R Rk ™, (] U=V AR
1z s g f# ] NMC (National Meteorology
Center) ¥ 45 i1 35 i 22 Y, JL5F 204 12 b Al

db &5

H &
24 h HARES AT B SR A 2.
2.3 R

TEFE 2024 4R 055 11 5 B X “FEAT (YAGI) 1
JWFFEXF S, AT T 4 46 (WK 2), BHElE
J 20244 9 4 H 06:00 UTCZE 9 7 7 H 18:00

Brightness
temperature / K
40°N 300
280
30°N | 260
240
20°N
220
200
10°N | *
180
) 160
0° : —_ L 4
90°E  100°E 110°E  120°E 130°E  140°E
K2 [l R FR S Y IR L. 55 2024 4F

9 H 4 H 17:06 UTC i FY-3D MWHS-II
HIE 1 (89 GHz) M5/
Fig. 2 Grid setting of assimilation and forecast
experiment, with the background of the brightness
temperature of FY-3D MWHS-II Channel 1 (89 GHz)

at 17:06 UTC on 4 September 2024

2R AT 369

UTC, X Bt IRl a5 1 & X0 “BEFE” AR 334 5tk 31
SRR IS B W AR AT 6 h B A spin-up
A TR], SCRE AT DAGE a5 v 3 I8 1E R PR A 22, D
G IR R A AR AR i B A SR R g iR 22
TEFALRT, E5EM 9 A 4 H 00:00 UTC $E47 6 h fijli]
By ¥ g g, b ik R ) ih 3. T4k
6 h #EfT—w, H# 9 A 5 H 18:00 UTC, R J5 i
JG— R 53 BT AV E R R 46 364 T 48 h i
FEPETIR.

3[Rt

3.1 &5RE{HK OMB 1 OMA

F 3R T FY3D MWHS-IL i i 7 Al 18
15 M52 2040 (a, b), PAIAE =40 [ 46 MWHS-II {
DR [, 25 [ Ak A Rl 0 32 113 1
7 FSEIE 15 WL OMB (c, d, e, £) FI0LI s 43 A
(Observation Minus Analysis, OMA) (g, h, i, j) 1
SYARAESL. AE S XL, I 7 AN 15 0
HABKE OMB, W & X IXEWNZ 58 5352
[ FFAERER I — B, X5 30— S 00 I H 1l
OMB R A gl o Bt i, iR feS 5 k.
Zed [FAbE, OMA HH#T OMB 2R/, FA4HT
Yy (6L 32 7 1a] WA I 373 {H 5 3T . Exp.118+183 iR 5 1Y
OMA B K - Fb Exp.118 #1 Exp.183 ik & i) OMA
AN, FERIEEIE 7 0 A KX IR, OMA bR iE 25 T
/N, W] Exp.118+183 145 {4341 37 B 422 3 Ui i
Gy, LISz v FRLEE | V8 BE AR S AR 2 AR T 4 b i [+
BT, ARG T RS0 .
3.2 WX T EMSHTIAHHE

NI 7 A X T 43 e A B A X Tk
B T B, 5 5 R 1R 43 BT AR e R N R IR
Bl arp R 7 445 50 0 fE 20244F 9 J] 5 H

B
, H

*2 [ERRIEE
Table 2  Assimilation experimental settings
RIS R A FH A 0L e R
CTRL A )P B R
Exp.118 [Ffk # HL 7R + MWHS-IT Channel 2~9
Exp.183 [k 3 B 7R + MWHS-IT Channel 11~15

Exp.118+183

[El A3 KL ek + MWHS-IT Channel 2~9 + Channel 11~15




370 Chin. J. Space Sci. =RAFFIR 2025, 45(2)
0 /
100°
—
200 220 240 260 100 140 180 220 260 300
Brightness temperature / K Brightness temperature / K
(c) OMB: Exp.118 Ch.7 (d) OMB: Exp.183 Ch.15 (¢) OMB: Exp.118+183 Ch.7  (f) OMB: Exp.118+183 Ch.15
40°N 0°N 40°N = 40°N T
: S 14=-2.6763 L
4 ﬁfé_{” 0=1.4166
30°N+ 30°N 30°N+ Sy spesets | 30°N
PS40
20°N+ 20°N 20°N+ '\* 20°N
10°N¢ 10°N "h 10°N 7 3 ! 10°N B
0° T { T 0°- T { T 0° T { T 0°+ T { T
100°E110°E 120°E130°E140°E  100°E 110°E 120°E 130°E 140°E  100°E 110°E 120°E 130°E 140°E  100°E 110°E 120°E 130°E 140°E
-7 -6 =5 —4 -3 -2 -1 0 1 2
(g) OMA: Exp.118 Ch.7 (h) OMA: Exp.183 Ch.15 (1) OMA: Exp.118+183 Ch.7  (j) OMA: Exp.118+183 Ch.15
40°N PREEY 40°N V%J 5 40°N o700 5 40°N -
u==0. v # pu==0. "y 7 g
30°N+ R P 30°N+ bl ,g:' 30°N+ ‘L:ﬂ.,: 30°N+ ,‘:’::. ;:ﬁ
i Sy s
20°N+ J 20°N+ & 20°N+ 20°N £
ALY © et o . ot .
10°N- a;-%g i i IOON_Z.. n. ; gf}‘ - 10°NA 1 : i 10°N+° '?‘. _‘ ?}' -
NG RN RN RN

0 T f T 0 T f T 0 * T T f T
100°E 110°E 120°E 130°E140°E  100°E 110°E 120°E 130°E140°E  100°E 110°E 120°E130°E140°E  100°E 110°E 120°E 130°E 140°E

0 1 2 3 4

Brightness temperature / K

Kl 3
Fig. 3

18:00 UTC & KX 1 300 hPa, 500 hPa, 850 hPa 4t
AR S 3 AT 1 s B HOG I I 3430 A1 . A B THAIR]
A FOWLINZERHY CTRL 456, [F4k MWHS-II %k
1) = 20 a6 HA T R AR A A =, i R AR [m] e
B = R0 Z MAETE— 2 125 5. CTRL X5 19
FEA MR (WA 4a, e, 1) EEEPAESTIZEPIZ,
RORDRA 6 KR — B B (s X R 45, 3 b 2
125 SAE MR BE R s Z0 b T, 25 2 5 ) S
PG WG 2 R O T UUVRIRIX, 2 X R
1 &5 sE R4k S 2 0 B A B 3 s BRI
118 GHz B AE y 2 AR, AR HOR B
e v Lo £ AL PR 2 s 2, AR RA
TEEAT BN H— R U, A = A 2 Y
AT LW BB AR i & (DL 4b, £, §). 851

2024 -9 H 4 H 18:00 UTC i} FY-3D MWHS-II i@ 7 M8 15 ML
Channel 7 and Channel 15 observations of FY-3D MWHS-II at 18:00 UTC on 4 September 2024

BERETEZE, G RPICERF AR R AR 8] TR
(R B2 TE 3, A 5 KL A 3T R A TR fr g
BT 118 GHz X 7K VAR EA 8w r 8O, R 2
£ 850 hPa Ab/K VA 7RI, XA K IR R 2
Pm, I Exp.118 7E 850 hPa & KXALH 14 ma il FF
G TN N IDN U1 aiE

SR8 183 GHz i8I 1E AW BEHRINE 18, AR T
XL R LA U PRt e A TR IR 4y
Brif i (WL 4c, g, k). 2815 Exp.118 i ge AN [F] (1)
&, Exp.183 ik EG7E 850 hPa 4b HLAT B A I 1F 14
(14°N—19°N), iX 5 Exp.118 A& g A . X
KRS S o Wk B UIAHOG, 28 X AR
MR — 5 FRBE - 25 A14% S W J) il = W X A2 Ak, =/
DX R AR RN IR ZE & | DK R S B s R ) IR A s



BRZ & REZF D BHMKREES R IER” TP 62O B

371

(2) CTRL 300 hPa (b) Exp.118 300 hPa (c) Exp.183 300 hPa (d) Exp.118+183 300 hPa
25°N- N 2508 M :
20°N—/‘ 20°N- f -

N
NP : et 15°N7 : s @\Qvor;z : .
110°E 115°E 110°E 115°E 110°E 115°E 110°E 115°E

(¢) CTRL 500 hPa (2) Exp.183 500 hPa (h) Exp.118+183 500 hPa

(f) Exp.118 500 hPa

25°NA
o

SN T

S

15°N—.

110°E 115°E

110°E 115°E

110°E 115°E
(1) Exp.118+183 850 hPa

oSy ¢ PR .5"’
d

110°E 115°E 110°E 115°E

-1.00 —-0.50 -0.10 —0.05 —0.02 —0.01

0 0.01

002 0.05 010 050 1.00

Increments of temperature / K

A 4
Fig. 4

2024 4F 9 A 5 H 18:00 UTC I 4 iR I8AE A [R] =5 B2 Ab AR /b AR B 513 0 A
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Analysis increments and the background filed of relative humidity at different pressure levels for

four experiments at 18:00 UTC on 5 September 2024
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Analysis increments and the background filed of geopotential height at different pressure levels for

four experiments at 18:00 UTC on 5 September 2024
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CTRL 40.5418 — 31.3296 — 116.9672 — 106.4815 —
Exp.118 39.4163 2.78 33.3405 —6.42 96.8727 17.18 97.9256 8.04
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Exp.118+183 40.6933 -0.37 30.2557 3.43 117.5214 -0.47 98.2435 7.74
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