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The Impacts of assimilating FengYun-3C/MWHS-2 Observations under All-Sky
Conditions on the Forecasts of Typhoon Maria

Chen Zhen-xuan?, Chen Ke-yi*1, Xian Zhi-peng?3, Xi Shuang*®

1. College of Atmospheric Sciences, Chengdu University of Information Technology, Chengdu
610225,China
2. International Center for Climate and Environment Sciences, Institute of Atmospheric Physics,
Chinese Academy of Sciences, Beijing 100029, China
3. University of Chinese Academy of Sciences, Beijing 100049, China
4. Center for Earth System Modelling and Prediction of CMA, Beijing 100081, China
5. National Satellite Meteorological Center, Beijing 100081, China

Abstract With the successful launch of FengYun-3, more satellite observations of radiances are
directly assimilated. The satellite microwave all-sky assimilation technology can make better use
of the microwave observation data in clear, cloudy and precipitating conditions. It can not only
increase assimilated radiances, but also show positive impacts on numerical weather prediction.
As a result, the all-sky approach gets a lot of attention now. In this study, a typhoon case called
Maria in July 2018 is selected and all-sky assimilation of FY-3C/MWHS-2 data were used in
Weather Research and Forecasting Model, based on the 3-dimensional variational data
assimilation technique within the WRFDA (WRF data assimilation) system, in order to study the
impacts of assimilating FY-3C/MWHS-2 data under the all-sky conditions and using different data
types of the initial fields on the forecasts in the regional numerical model. The comparison of the
clear-sky and all-sky assimilation experiments shows that under the all-sky conditions, more
clouds and precipitation data are assimilated and the data usage is increased. Improvements are
displayed in the analysis of the vertical structures of Maria, such as the warm core and the
symmetric wind speed structures, and the humidity fields. The average reduction rates of the track
error are about 34% to 62%. These positive impacts can be demonstrated in all the all-sky
experiments with different data types for initializing WRF.

Keywords FengYun-3C, Microwave humidity sounders, All-sky data assimilation, forecasts of
Typhoon
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B R AR — A RYMEAL FE R ) 258 AR RS (WA T st
DA R AN S (A5 S, BEnT BT K 17848 (Eugenia et al., 2005) . 5 HIME AL 54145
RAESDRAE BRI, BRI AR B RO W N2 AR5 B . FEIA HIEORAKE T,
AT DA G hovt i g EcR . PRSI B, A SE I BRI R SRR A XS WA B 1
)Mttt (Talagrand et al., 1997).

BT H AWM BRI TR IA TR, DR BER BA N 2 MR, BEA BORFMNETF
LR BTR B = 0%, fEIRTHIIRY IR (Rabier et al., 2005) LK $i i B0l Tk itk
ffi% (Bauer P et al., 2006) 757G AP EARKMEM . A5 T LEFRFERAEARR KR, £
R BB A 732 A3 [E14E (Eyre et al., 1993) &L 48 A B %A1k (Derber and Wu,
1998), B FBRAG TR AERG 2 KR B4R T, SAbEBRZ M B ZEEA 1 BR8N (Simmons
and Hollingsworth, 2002) . 4R, KA 3 R S Fitdik 10> (European Centre for Mdium-
Range Weather Forecasts, ECMWF) H4iit25 R EoR, 29 75%0) T2 Gk B i 25 14 LA
Fe = IR KB 5 B (Bauer et al., 2006), X /& 1Tz WAER 25 FRAIELER), il
T B Ry 4%, HATAREIR G B Bl (Ohring et al., 2011). FrLA, K¥EBHEE T
ROl 55 HhC sl F G 2 25 A R I LR SR A HOR o TIT IR S6 45 5 72 1) = W XA B RE S RS
KRG KA R R F VIR, Bl 4 KA R BOR B N AR &2+ B . T 4E
K, — EEEAE AR AL 55 H 0 I 4R 18 BE 6 54D = AR /K R A XA R 57~ (Bauer et al.,
20100, ZXFEE 2 W X3 TR kL. 2009 4F, ECWMF B[R 4 R A A T 1 2
BN FE AL (Bauer et al., 2010), FRH B BNME S5 . RERIGE KK FLRS
RERE I\ 2o WY DX SO0 I 55 Rk 2 by, 45 3050 o 1 IR B2 L YRR DA AR 15 B (Geer et al,
2014; Lien et al., 2016), A Xdem /AR TAIURAIAEF R (Geer et al., 2017). 2016 £,
5 [H [ KA ik b0y (National Centers for Environmental Prediction, NCEP) 45 [F{k
G RAFEZAE T ) AMSU-A (Advanced Microwave Sounding Unit-A) %k}, 5645 & =
(TR R 22 B B98N (Zhu et al, 2016). FUk, 5 E E0E Rk O3 P 0K T R 8 A R A
FILRIAR, 75 B2 REaE K Holk 4540 4 H (Geer et al., 2018).

23 TR S P W WS S S AR S R AR = AR 1R/ N DDA G, FELL AN B L
TNRIVFRAFENR . PN BRI SR 2, (H 2 ETGVER N 2 BR 2T LAAME =
BEKHIME R (BRI SE, 2009). TSRS BAHUN /I, BI85 AR PR BS54 A
RE 2B AR K =, AR = RS K L = FIRAURES, REEEZHEXER,
2 H T4 KA FAL R AR LI 5 8. ECWMF 784 RAEZ A T EhEIE MHS (Microwave
Humidity Sounding). SSMIS (Special Sensor Microwave - Imager/Sounder). GMI (Global

Precipitation Measurement Microwave Imager). SAPHIR (Sondeur Atmospherique du Profil

3
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d’Humidite Intertropicale par Radiometrie) Ll MWHS-2 (Micro-Wave Humidity Sounder-
2) SRR EE YR BL A, AMSR2 (Advanced Microwave Scanning Radiometer-2). GMI LA
& SSMIS T G A Bkt R A B W 8 T Bk e TR SR AL RSB T B ) R
SH, SRR ERIZAREZN TR (Geer et al.,, .2014) AT & 48 1 R A TR 1 %
(Cardinali et al., 2010). FEZ -RIFWRNIRTERNS =5 CE (FY-3C) L#&E#M
OB EETE 1A (MWHS-2) Al LG 3 — AC0B % B2 o MWHS (Micro-Wave Humidity
Sounder) B T 10 ANIEIE, A 05 50 S B AR O I BT 1) bR S R
(Lawrence et al., 2015). 4= RAEZ&AE T RN TERESEE R G K (Xian et al., 2019).
HERY (Li et al., 2021) %5 H ORI FE A TR S, ROy B A B3R MR EIR TR,
P AN [5 (1R300 46 3 #E VR T IR R U3 0 5 B B0 b AT IR AR, 27 A T T AR A T ) 45 SR
(Peitgen et al., 1990), DA IHUE K TARME IR 21137 T8 k4 19456 [F) B B 5200 43 #r 3 1 fe
e, 0T RAGAR R TR Bk Hofh e I BUE AT =, 20 S 2 B R 3 7 B 5
PIAHSE (Wandishin et al., 2007; 2010, %G M4E, 2017; sk&K5%, 2020; £ RS,
2022). ifi FNL (National Center for Environmental Prediction, global final analysis) %t £ Ky
HBOWAT MRS B, AT A T K5 & I BB 23 87 3 80305 LA Rk 43 # ) %
HOE AT AR AL AR LI B R E) A Y IR A B . AR VR R i, DL A AN R )
WA LIR S FEAR TR K. H4h, HENBIF R G0 0 s &= h B
W ATt R R EESE, 2018). HET, 7E TR VORMAIL IR Ao AR 1 Bk 3h 3 AR
[ 3 B0 25 L I B ot T ) A B T st el AR T3 AN 4 THT, BRIL, A T IR AR BT 4R
{6 A N AL FY-3C/IMWHS-2 WL BT [F) 40 S FRsmi, ASAIE 5820 A H FNL 734
AT I BORME R KB A 808, EAT T W5 23 R4 A 2% 10 10 [E A B Fidh i, 43 A
AT 18 FC [ A AN TR e, IR — 0 A A ST Y % AR 1 R AL U7 SRR E FY-
3CIMWHS-2 BEREHE O T Fiidl 4 RAIFEN, N4 RIEKMA T FY-3C/IMWHS-2 BRI XL
PR EES %
2 BB A5
2.1 BENMBR RIS 5okt
2.1.1 FY-3C/MWHS-2 M %5

Rz =5 R BRI R FE T BB A% A TR A% A IR IR PRI 4 BR O B IR P 1 3 TG
fifg 2, BRI NERTHE=5 AR (FY-3A). B (FY-3B) _EH MWHS LA K Z
=5 C/&2 (FY-3C). D (FY-3D) £ L) MWHS-2, AHf5iEH N =="5 C 2 MWHS-2 ¥
DZEREEA TG 23 F1 A RAR A R IR IREE . MWHS-2 045 183.31GHz LA J¢ 118.75GHz
AN EERMA S, 737 BCE 5 M 8 AN ERINEE, PARAL T RAE X 89GHZ F1 150GHz
ANBHERIAT 5 (R 1) (Lawrence et al., 2015, #Z 5%, 2018). 183.31GHz /KA R £k bt

) 5 AMRIGEE E BRI SN A & ERKIR(E S, 118.75GHz S ML i r 8
4
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AN A e P PR R LR, I L R T A K R MR SR RS DA B VKRB K [
b, A2 BON Z A K L AU (Michele et al., 2005), Hirfr, i 2-4 UE(H AE B i
B S HUKEARUR, B TRERNEE, Wil 5-7 G EREERE LB, HaE
HUK, EIE 7 WKV (Lawrence et al., 2018). b4k, 118.75GHz th/& 4K i B
FER TR ESnE, Hagtehhiem KRR B (8555, 2016). Lawrence
2\ (Lawrence et al., 2018) X} FY-3C/MWHS-2 [IRF 722 8H, MWHS-2 (4R 88 % & fE
B AR AR — B 2R R B ) BRI S R, A AGE TR HOW I R I e

JEAE BARDIKE BEAR I 7]
F 1 WEBET (MWHS-2) S¥HRE
Table 1 Characteristics of MWHS-2 channels

ST I V7 (S /2 A 1 WO WHRES THOHE
(GH2) (MHz) % (hPa) (km)
1 89.0 Vv 1500 / 29
2 118.75+0.08 H 20 20 29
3 118.754+0.2 H 100 60 29
4 118.754+0.3 H 165 100 29
5 118.754+0.8 H 200 250 29
6 118.75+1.1 H 200 300 29
7 118.75+2.5 H 200 700 29
8 118.75+3.0 H 1000 / 29
9 118.75+5.0 H 2000 / 29
10 150.0 \Y; 1500 / 16
11 183.31+1 H 500 350 16
12 183.31+1.8 H 700 400 16
13 183.31+3 H 1000 500 16
14 183.31+45 H 2000 550 16
15 183.31+7 H 2000 650 16
2.1.2 IKshiz %k

GDAS/FNL (Final > 3 #r 204 22 36 B < R S 5 fii 4k 0 (National Centers for
Environmental Prediction , NCEP) F13& [E [ 5 XS4/ 78 0> (National Center for Atmospheric
Research, NCAR) B4R H BRTERHA 1L 524t Global Data Assimilation System (GDAS), X
4 FRH{E 24 (Global Telecommunications System, GTS) M H skl (himut. HE<
o MR CEHLIRON R AE) RO BB HEAT BT E S A [ AL AL B, R AR TRk R S5

(Global Forecast System, GFS)FTiRfFH— BB kE. BRAAESMERZ.
I 23 0y P SRy A, AT N T A R A R i e (BARSE, 2009),
HEZRp FTEAHE, BE. HUORBE. A EL. REXG . A L%

(https://rda.ucar.edu/datasets/ds083.3/#!description [2022-10-10]). FEE 77 L, i 7 HE
M 1000hPa % 10hPa f] 26 ARt . 21 T2 RIRHiR 2 045 % 2 s B

FNL ZERIAMUALEE FNL 20 Hrizicls (B LL 00 458), & EdEEE T i Z)

Bl 3 /ML 6 /NI LLUR 9 NI TR I it CEdls SR 2l BL 03, f06. 09 £5)%,
5



https://rda.ucar.edu/datasets/ds083.3/#!description

154
155
156
157
158
159
160
161

162

163
164
165
166

167

168
169
170
171
172
173
174

175

176
177

178

179
180
181
182

183

184

https://rda.ucar.edu/datasets/ds083.3/docs/FNLVGFS.pdf). A 1 %t bb Bl K< 1 s X 78 18
AR BR BN 3 BERHA AL 4 KA 25 A 1 MWHS-2 W0 B2 LB = AR 520, ARHIF ST I8 B2 1) 4y
HiER 025° x 0.25° , WG A 6 N [E—ZI FNL 2383 SOR I iR 55k o
AE AR IR 7 E 8 . AR A ENL 234 SRk i G5 1 (5] 44 i O 55 R 2 AN (] 1Y)
(XFE4E, 2009), #iZ HAET FNL BERH & AR EE FY-3C/MWHS-2 WL BEEME B, TRA
AE R =5 R RIS TS B

( https://www.emc.ncep.noaa.gov/mmb/data_processing/prepbufr.doc/document.htm [2022-10-
10D, KRGS RAH F WS % 5 L.

22 A4

AW 548 A NCAR JT & ) WRF (Weather Research and Forecasting) #z, (3.9.1.1 fix

A BEATREAL, A B R A fk Ak WRFDA (Weather Research and Forecasting data

assimilation) R4t P (1) =4 5y Ji AT R . = 4EAR 3 T VAR TR I S /IME H AR R BSREL
ST TIE, H B AR R ECE SO

3(X) =5 (x-%,)] B (x-%,)+2(y-H (x))| R*(y-H (x) (1

Hep x 2907, x £EE%, B & NXN 4553 207 28 (N 255 HH
BE), y AMMG, HRRMET RIS BB RN IR T, R £
M XM 47 % 22 00 75 Z R K (MO B D -

f£ WRFDA R4, N7 B8 il MEREIF HagvMR 2z, IR
FH B RARA T R B 38 B 77 ORISR e B IS K URE It . B 53 X, Mo Hrig &
SXEARN: X=X, +0X . MAEKREmER R ND=y-H(X,)d=y—H(x;). ILK,
AU B8 E 3 B SR

J (5x)=%(5x—§xb)T B'1(5x-5xb)+%(H6x—d)T R*(H&x—d) )

o SX = X° = X 6539 = x% — x9., H H NARA IR VI BT Rk T
FLEERE, ATPARIRN:
H:VH=%} 3)
e L5 LU 5 0 25 P97 T 05 B MK A 0, 0 T T AR 6 K
B L L (2 I BT, KA WG T+ 50, JF FLZE M 3 e B
AR/, BT DL SR 34 B R~ i 1 5o 37 2 A4S B 1 70 AT 3 Be i 1 R4k 25 SR s AR e .

M SR Z2 W 7 Z2 FE A R] LAE SOA
B= (") (x-x)(x-x)') @

Hoe Z2REE, Xt RELZKRSE. AL MNHF, —#&#H NMC (National
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Meteorology Cent) J5iEEREE AR 715K A3 3 x-xt P ARME, =35 B 2 Jm st s A oK & v ol
O AE TRARFEARAG T SR 20 5 2R . 1 Parrish 8 A$2 i NMC J57% (Parrish and
Derber, 1992), &g i@ ik 15 [7] — B ZIAS 5] B 235 00 T4 285 SR 2 2245 )3 SOR 2 vh 7 256
Mo HEEA—BR—NAEKR, FrUH NMC HiEE RIS 56 B RER A
MR, ARARAKBURE, 2RSS,

2.3 BIAHR R F R

5253 VWi e b T 0 s 20 88 1 AR AH R S DR 3R S, o e 22 T Dt 28 4 S 6 0 P 50
TR THT [ 1 22 R 56 28R FE AR A o 9 T8 SE 0 BU SR L i b R R S 3, T DARI A e L2
OB 89GHzZ T DX ilE Fkt, did R 2 B R E R RN R I H Y, B3R
RTINS, AHR S 2 RS AN R S W S A SRR R AR L. R, OB AT DLE T SR I B
AR KRG 2 (Karbou et al. , 20100 [ 7 vk SRHUSE Nt Hh % R 44 2% . Chen A
(Chenetal., 2018) HIRIGLE R F W], MWHS-2 89GHz il it X H i 26 5 11 1 3 58 RS,
1M 150GHz JBIEXT s h B, ot vk S 7 5 i 3R sy BUs, T A 72 ARORIE 92 DX 4 %2
M T ARG EEHLIX o FEH., BT A RS A T K& 2 WY DX 1 00 ) 5k 2 50 3 2 I
FMKERE, JEH 183GHz @IEXNR UK, BT HEm N . B, B AR E RS
23 M4 A [ Ak iR B vh S R ] 89GHzZ S8 K kAT B A 3 2 36 R I I8

B KACPAT T— AP IEBU P, B ERTMA (0) URME (v), BaL
B FE AR A IS R B I IR AT AR R

_ 3 l
To =80Tl g0 + (1 E(o.0) )Ta

)
0oL (00) t Tow) (5)

Fob £, MR, TSRS R . T, T, AU T R
KA BRI, T, RSB . T R4 ULSER -
T, - (T(g,u) +T(;,u)r(6,u))

\

(4T )T

o) = (6)

FERE TN, 4 89GHz MIE R B MAEH E T KT 0.5, I H I RS
K ¢ GG K RS AEASHE 4% TELSEM (the Tool to Estimate Land Surface Emissivity
at Microwaves and Millimeter wave atlas) "' 90GHz [ & Ht 2 2/ 0.2 iF, WL zhZ
KGR (Chen et al., 2018). fERRIKAFMET, #7 89GHz HHIE Sl 11K 4 H T 0.55
F 120, HFHHERERRNE e 5 TELSEM | 90GHz &5 %2 Z2/NF 0.09, TAE )
SRR GTR (Xian etal., 2019). [z, WA Fl AR 1A S R RS HL B 48 TELSEM A
(R Sk ZRABAE AU\ S TR IS 0 M R A R

2.4 MMRZE
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BT A R A 25 R RAG T2 W B2 Rk, WIS 5tk %2 (OMB, Observation-minus-
background) HEZE 43 A b IRl e 0 AN AL RGBS I B AR e, TR A AR R ME R 22k
S AR Z . B, AWFFA R TR E AR (Geer et al., 2011, Geer et
al. 20100 FENZIMMR ZERAL, NS AT 2 W XU I PR AR 22, W o 45 M0
iR 22 I L oA . HEE K HUR 820 Sl (Baordo et al., 2012) H 5 IA1EF
P ENIEE, BT RKRERPKRT/E 150GHz JEI&E A 90GHz I & ) #iht RN A
[, SIATLLE SCl: S| =TBgy —TByg, » HHTB,y, R 90GHz JEIE MM, TBy, MR
7~ 150GHz @IE W2l . vHEIIZ AT S U HEE S « Sleg » XIFR A
TR LLRARN:

CSYM - @ (7
M FR 2= AL A AT AR IR N :
tclr € CSYM < Cclr
2
C B Cc r
t(CSYM ) = tc|r + (tcld _tclr )[CSYM—_CIJ € Cclr < CSYM < Ccld (8)
cld clr
Lo €Cqu 2Cyy

Horbrty, Aty o3 AR R A A A NI 22, C, ATC g 40 A ARTFR = B i
IR 1R e /N RABL . FY-3CIMWHS-2 073 388 38 A W0 T 5 15 225 o o 2 LA BT 7 7 U 457
Z R, Xian et al. (2019) 1.
3R
31 EX “HFI”

AR FEIEEL 2018 4F5 8 Silfnk G R “HIFNE” R, 2018 4F 7 H 4 H#HS
e E B LR EE AR, FH 13 i (UTC, FRD HASZITH G4SN “HH T
(Bt KRB, 5 H 6 W RAZEREAGAER, IHHENH 21 HAZ IR
K. 7 H 6 H 00 K& X “HFI” GG MK 1A TEE R H A b 4g B i 4R m
JiTA1%) 1870 A BIFETH b, T BARASUE Y 925 HilH. 8 H 00 i, “HLFIE” BARE/Ni 30
A BEA W EE 1) PEAL 7 MR E), B A S LAUAR T SELT . 11 0 01 B 10 43 “ B
B A AR VL B I B R, MRS TR SR E R, & KT R KR 2
42mfs, HLAEZIN 960hPa, il 5 A% 3 BV PG 1R POE B s B T

R ER CHDFIE” B R R 5B IR (R R, ERAVTRIE 30 147,
117.2 ANZR. % “HFAL” FhEm, HEE. LA a8 LY 252 5™
B, b, MEABABE, Q6 718 HARR, EREELFHIL 226 147C.

32 EASHE
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AWFFCRA WRF #3 3.9.1.1 fAS, Al 2R R R E MM, B X 30 e
9y (25° N, 135° E), /KF7mMI&ECN 540 X480, 2[4y 3% A 15km, KFEF 5K
N 60s. XL T B S B T RN 2 Fi:

R 2BRSEUFTR
Table 2 the main physical parameterization schemes of the experiments

SENTTR

L2 WSM6 7% (Lim and Hong, 2010)

28k Kain-Fritsch /7% (Kain, 2004)

KP4ES  RRTMG J5%(lacono et al., 2008)

JHPARS  RRTMG J5%(lacono et al., 2008)

ITRILFZE  MYNN 2 J5 % (Nakanishi and Niino, 2006)

JTHh 2 MYNN 75 % (Nakanishi and Niino, 2006)

't T )= unified Noah land-surface 75 % (Mukul et al., 2004)

3.3 REEHMREEITIE

KA Y RS WRFDA &40, A8 B FY-3C/MWHS-2 SRl gk, 7
MinfE B5E R AT IR A oy TARIERIR 45 R & M HEff P, FY-3C/IMWHS-2 1))
AR T SRR U S A AME A T RO R 1R AR T R

W FY3C/MWHS-2 Bl 55k} 1 /T 50K 3R T 550K 0 I -2 i 254 5

% FY3C/MWHS-2 S B} it 2 258 70 g VR 5 b 3 PR W = i 25090

Bk FY3C/MWHS-2 WL 5 b} Hhi 225K AR 5 2% 44 2 i S0 = 1 e

SIFE FY3C/IMWHS-2 ML Bk R 21T IEf5 OMB KT 3 A5 M5 2 ) i =2 1 4
18 ;

WK FY3C/MWHS-2 WL %5k 183.31GHz GBI 6t S 1l 26 s B2 A, B 11
s T 1500m. JEIE 12-13 H17ET 1000m DL AEE 14-15 Hm - 800m R b A Sl At
(Chen et al., 2021);

S FY3C/MWHS-2 WLl Bk} i 14 FLliE 15 & T dbss 60° AR 26 2o .

M52 25 W2 MO Bk A P b R i T L =K S & (CLWP, - Cloud Liquid Water
Path, T 53 H KA AU A /K & B SEgl, B CLWP KT 0.2 M #iIA N
e A MR RN Bk (Xian et al., 2019).

A A ARy R ZE T IE 773 (Aulignéet al., 2007) % MWHS-2 BERH TR ZITIE, K
PRI B PR A5 22 A BOUL I e ) 2R G i 22

3.4 FIRER BT
FHT Lawrence 25 A X FY-3C/MWHS-2 PR 455, ABFRIE 4 ARG HikES
ECMWF — S fidiEik 7 %, WFEM 2-6 SiEiE. 11-12 Sl 15 S i w5 i 8
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LK 7 5@ TE e b 2s  BE kL

N T WA A KA A TR FAL FY-3CIMWHS-2 S %5 4% LR S 5] BRI 322 18 B ) 2
AT EIREN, AR E T 8 4RIHAT e, /AR FNL 0 #r3a %kl (FNL-00) LA
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