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Influence of direct assimilation of FY-3D satellite MWHS Il data on July 31
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Abstract: This study examines the impact of direct assimilation of FY-3D satellite MWHS Il microwave humidity sounder
data on the prediction of extreme rainfall, using the July 31, 2023, heavy rainstorm in Beijing as a case study. Comparative
experiments were conducted before and after data assimilation, and the WRF numerical prediction model was applied to
analyze the effects across multiple scales and variables. The results show that the assimilation of MWHS 11 data significantly

improved the simulation of extreme rainfall. It successfully captured the maximum rainfall center, exceeding 550 mm, and
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provided a more accurate simulation of rainfall distribution. The study also highlights the effect of assimilation on large-scale
systems. It improved the large-scale environmental field, creating conditions that favored the extreme rainfall event. Key
improvements included a strengthened temperature gradient in critical areas, optimized water vapor distribution, especially
over the eastern sea, and an increased north-south pressure gradient. Together, these factors maintained a stable large-scale
background that supported precipitation. On a smaller scale, the impact on convective systems was even more noticeable.
Over the Beijing area, the vertical vorticity structure was optimized, with enhanced negative vorticity in the mid-to-upper
atmosphere and increased positive vorticity in the lower levels, which promoted upward motion. The atmosphere became
more unstable, with increased relative humidity in the lower levels, decreased humidity in the mid-levels, and a steeper
vertical temperature gradient. These factors contributed to the triggering and maintenance of strong convection. Additionally,
the microphysical processes were improved. More snow and graupel particles formed in the mid-to-upper layers, and the
conversion of cloud water to rainwater accelerated in the lower levels, enhancing the overall precipitation efficiency. These
effects were most prominent during the first 36 hours of the simulation, emphasizing the critical role of data assimilation
during the early and developing stages of precipitation.
Keywords: satellite data assimilation; microwave hygrometer; FY-3D; multiscale system
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WA 7= <2z g oK™ BRI R, AR o 7 FRORS E FUAR R R BT AT MY 55 1) B K Bk o

e Baf 7K FRURS HE TR MR T RE A DL L9464, 110 22 DR BB R AL SR N2 TR AL S T 46 4 FA) 2K
BETB. ZURRIN GERMEAE B b 55 PRI . RS EREIAM DRSS, 5% T RHE L,
BRI BAT I A3 0 M RO R A v BT A, HETEA VRN RERR S
=% D BES5NE=% C KFAUM, BRILEH AW IRLE L. T4 2 AR5 A6
i, bR TORRIRS R . e BRI T R (MWHS 1D B E AU A T2
RO TE A o ARG BE o % FY-3D T FE AT R RAE T 7, A St — 2D T TR N 5%
BHOFI RS, Bk E R TEREE ST, b B RR K H 5K E RN B TR Tk

FLAE 20 40 90 AR, DEARHN TR CAf I NBUER Y, HITBEE R Tk (Pailleux and
Kelly, 1985). H Eyer, Anderson &5 A% TOVS ZERLN H 2| [FE RS, oG 78U as R, Jf
RBUHAE 73 75 1 EAR R A AR S AR BURL I 5 R B0 T I R4 75 1% . A8 TR SR RE SO 1A 7
[, Chen etal. (2015) F1 Lawrence et al. (2017) F|H European Centre for Medium-Range Weather
Forecasts (ECMWF) HIBTRIFIL RS A M Ka =5 A, B ERMBGREZ TN BE (MWHS). C
A (MWHS 1D B%0E & ] e R PR it AT 77t . 45 BRI IR ddli i E v 58, F)a T
S T . T BRI R, BT TR L MHS 5 MWHS 11 BERHAT DU I B KR
MRG0, T SCE B IREURI TR (Xu et al., 2013; SKABIESE, 2013; Kik%%, 2013; Juif,
2019; EHESE, 2022; BRiHAE, 2023). BEAh, Newman et al. (2015) W78 T EAH BRIX LS~ 28
% Ensemble Kalman filter (EnKF) %4l [FI1k 5248 T[R4 MHS BISZI, AR At E KA HOR
I . HEEESE (2019) ELERFEML 7 XM= =5 B B A C ERBGR WM Bk, XF 2018 4F 7
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BN EIE 331 =K, [13KIAIX 538.1 =K, f5ILIX 598.7 =K. EFERIEKEILE T RN
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BRI E S EN o, IR TEARRE, I LS 7 L3 AR, T 33 A
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Fig. 1 Weather charts at 00:00 on July 30 (first row) and July 31 (second row), 2023. (a, d) 200 hPa geopotential height (blue contours, unit: dagpm),

0 2 4 6 8 10 12 14 16 18 20

temperature (red contours, unit: <C), and upper-level jet stream (shaded, unit: m s™%); (b, €) 500 hPa geopotential height (blue contours, unit: dagpm)
and temperature (red contours, unit: <C); (c, f) 850 hPa geopotential height (blue contours, unit: dagpm), temperature (red contours, unit: <C), and

water vapor flux (shaded, unit: g s~ hPa™! cm™). The star represents the location of Beijing.
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A G RARAE DL L BRI AR FHE T, ek B IR R 41 B g sh &, S — 7, 1R
200hPa I, @z @i FARACFEPIEE, PR D H R RRSEt, T LAEshi g
FEo 31 H 00 I, G “FLIRp " AIBRIA M TGALRE 2 2 BRIE —7, EJZ AL X AATE & RV 1 4
M2 T Ubi, X RS WEdEIL s, EEEERE, BT CRE” WEREBCOR, HEik
A mERSE AT EARE . eI E e m i, TRAR SRR E AR, 5=
AT ESRIVTERE . BT ER R ks, HmiedbPERAKERIE M E AR, KEME
W ALE AR R BT . KRB R R E S KT WKL IERR, AR TRKEREMN. £
200hPa b bV B didE— AUE, HALMMAE S 2, B FYE R m R aii iz a) b
WL X HERE (IS, ST SR & IR AU AR T B 4ERE . SUACkUE, BLREE MR 2
HTAE RS, 6 AT BRI, B RS FRFVR T RREN RS, DR
SE [ 7K TSI R b T (1 L [ 4E FH 5 S0 A o g 7K o
3 AR
3.1 BRINTER

FY-3D i B it — 8 (MWHS 1D 52 —MUEAT 25BN 22 0 T8 I s RIS « e Bl DA
BEMATBR -+ HAGIGEE, PR 1o MWHS 1K R AN R B fm 5 5, SR %
R AREAKIR S B E . & n] DU AL & B P i R UR BB EE R, 7 35 Wb R 3]
FRIETNZ N R IR X S A X T 3R KIS A LR RS B R .
MWHS 11 (R0 ORHE BUE R SR B B e, & Re s S v M B2 0 <R FE AR
FERIRIIRIAE B o A5 EX TRk & R, By &5 I R A R L (PR, 2019; FFREFR
%%, 2024). FY-3D B FET R EA R LR KRG hmEEWINAES, AEIRRR SRR
FOERAL T HE BB SRR, TR S ARG IRS KRN S R A EEE L. & 12 FY-3D
MWHS Il &R EZ % (Xian et al., 2019).

%= 1 MWHS |l BB FS %

Table 1 MWHS Il channel characteristic parameters

HUEE pry B A o P B SERRRGEE

EiE SR (GHz) (hPa) (MH2) a5 N

1 89.0 b EATHT) 1500 1.3 B SRR SR . KR

2 118.75+0.08 20 20 2.0

3 118.75+0.2 60 100 2.0

4 118.75+0.3 100 165 2.0

° A o i’ > KRR K B30T B AR
7 118.75+25 700 200 2.0

8 118.75+3.0 T 1000 2.0

9 118.75+5.0 B AT 2000 2.0

10 1500 . 1500 13 BRI . KR
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Fig. 2 The objective function J and its gradient iterative descent process diagram before (a, ¢) and after (b, d) quality control.



138
139
140

141
142
143

144
145
146
147
148

149
150
151

152
153
154

155
156
157

158

FERTPERT, HARRERAE T 2 M HERINEY, MRS, B TREREE PR, X
BAE R AR — A — B W 8, 2 EE AR R BRI B 7 R AEA TR e B . B FidE
JG, XSRS, 15 B AR RN P AR OARR e AT AR RIS AR Ab T DLy D
HbreR B IR, PR T H AR B MG R A R v, ke m 17 ISudfE .

3.3 HEIRXIEIRIT

FEALET 7« 31 FEFIEAUA, FRATRA T R s IR SRk 0 (ECMWE). T 73 8 BERHE 9 it
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2023 £ 7 H 29 [ 03 i 52 09 Bf o I8 I [FIALANAS [RI A BT L LS8 404, R0 T 2R S fm e vhox 2
R ASEADLIRT 20
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X (25N~50N. 105FE~130F). N T 70U T2 RE RS HHIE R, BATRH 7R XUZ
WETTE, AOPHEES 518 9km, 3km, I [FR 2> 22258 60s.

# 2 WRF B i S AR 280 U7 &

Table 2 Parameterization scheme for physical processes in WRF mode.

Wit R U e

eI R WDM 6-class J5 &

LRSI R Dudhia 77 %

KR ahd e RRTM 77 %
MR f&1E ) MM5 Monin-Obukhov 75 %
%ﬁﬁﬁ Noah % [ i FE AR =

TRIBAETE YSU 7 &

ARWRFMSEEG R T BRI 7, B O E D 6 /N, R 2023 45 7 H 29 H 06 B A
JE 8 3 /N I A 0N [ AL T R RIESRES . SI08 B 7R 4 AT BB R A 28 SR Lt oy
THHTHI T, B TSI, AR AR FA . SRR A2 BRI T LR 3.
3 LI E

Table 3 Experiment name and settings.
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Fig. 4 The radar combination reflectance (unit: dBZ) of (a, d) observation, (b, €) non assimilation, and (c, f) assimilation in the Beijing area was

observed at 12:00 on July 29, 2023 (first row) and 7:00 on July 30, 2023 (second row).
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Fig. 7 Atmospheric pressure increment field at 700hPa (a) and 850hPa (b) on July 29, 2023 at 06:00 (unit: Pa).
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