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FY-4A/4B iRiEBEZ R RERTMNKE T
ERHNNBS
Eh EZR BHEH OBAKK BAHTE

HMEREE, HFH 550002

RE. Il FY-4A/4B B 1EBUIE TSR LLAMRINAL (GTIRS) I8 FA U M0 R 4 7 il 75 5 M DA BE AL 5%
BEFRCR, VASTRH . BT Pl SEOLER S M ERAS FE 0 HT BURL N SEAE, X FY-4A iR FEEIZE. FY-4B i AR
FERA BT TR, 25T SEhrk g% n] DL B I BIBRAN R B, 1 O B o B SR DA ALl B
AR R IRIR AN e Y. =% GLIRS FRIMNEIRH A& MK, A =B FY-4A R HRRZE
T R Z LG 7350860 1. 19°C 0. 96°C, FY-4B i E 7358 I 1. 52°C L 1. 21°C, {273 50N 1. 28g kg
0.95 g+ kg, HA Z B A R i BE AR 40 A B U K o 36 LU R4 SR BRI 3 S AR L I
fR-F IR R £, 2 W TR ST P T I 2 BB AR A4 B B A B 7 e T T AN [RI T R B AL AN [R) 2275 K
ZGHAE. EHL 2023 5 =X XL VK E SRR VR FY4A/4B GTIRS @b N HIRCR, S5 5REKH] GIIRS
P25 B BH A BT il Y SESLR AR BN — 3, w0 PR BRI R G B TR B R R A AR, IR K
AR C ERTEE” L “ ETTRIRY ATRGE RGN, SHKERRME B TERA R R R . EXTITH
BRI SRR ERR, B IRA BALRALAL . ICERTTEASEE, b <R WM 2m I5HE
Mg mATIEE, AT ELR R MBORKIXRA RURLRE,  LARCA I T 7 B ORRUR AL RR A G54, X Tt A k4T
3 B VR I I R A B ) SR

R FY-4A/4B GIIRS ;= i, ILIRERLZL, XTLLRELS, KGRk

Verification of FY-4A/4B Temperature and Humidity Profiles

and Its Application in the Hail Process in Guizhou
LiLi LiYanlin Yangling* Zhou Yongshui Zhou Mingfei

Guizhou Meteorological Observation, Guiyang 550002

Abstract: To evaluate the accuracy and operational applicability of FY-4A/4B GIIRS-retrieved

temperature and humidity profiles in Guizhou, the FY-4A temperature profile and FY-4B

TSR RE NS IS (SS-KF[2024]14 5) « FESZFRAFTIR B LI (CXF22023)029)  Si AR
JTHH (BEHE3CHE[2023]—f% 2360 , Rz TLEGATHRI-R AT LI (FY-APP-2X-2023.01) Ft[FA] %
i)
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temperature and humidity profiles are verified against radiosonde observations at Guiyang and
Weining stations and ERAS reanalysis data. The results indicate that, in practical operations, it is
considered that only the unusable data can be eliminated, while the data with the best and better
quality can be retained so as to maximize the integrity of the temperature and humidity profiles.
Clouds significantly degrade GIIRS retrieval performance. Under cloudy conditions, the RMSE

of FY-4A temperature increases by 1.19<C (clear skies) and 0.96<C (cloud edges), FY-4B
temperature increases by 1.52° C and 1.21°C, and humidity increases by 1.28 gekg-1 and 0.95

gekg-1, respectively. Moreover, cloud cover also amplifies vertical data dispersion. A
systematic bias exists in FY-4A/4B profiles. Linear bias correction reduces the mean error (ME)
to near zero under clear skies and improves cloudy conditions more markedly. Seasonal
comparisons between sounding and satellite profiles demonstrate that FY-4A/4B captures
terrain-induced differences in atmospheric stratification between Guiyang and Weining. For
three regional hail events in 2023, GIIRS products agree well with radiosonde observations. The
high-resolution profiles reveal pre-hail instability, which is "upper cold and lower warm" and
"upper dry and lower wet", offering valuable forecast indicators. However, the near-surface layer
retrieval errors lead to the underestimation of CAPE and distort low-level sounding structures.

After the surface 2 m temperature and dew point corrections, a large convective available
potential energy (CAPE) and a sounding structure conducive to the occurrence of thunderstorms
and strong winds is displayed. This is a good support for the short-time forecasting and

nowcasting of severe convections.

Key words: FY-4A/4AB GIIRS product, temperature and humidity profiles, comparative

verification, hail forecast
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AR Z SRR R A RTPIREATTESR TORE, ER AT Bk, N5
KA VAT LA A BRI, TR SRR RSB E AR R
SCGRIBMESE, 2021 EBAsE, 2024; BAUHHISE, 2024 ) o HAETJTCAHETRHENRS
T R 2 dm ML S5 40T B, R ELHER I R SRR EE 5 B, B Bm AR A a5 R (5%
UESE, 2019 FRERHASE, 2022) , {HALA BLURERIN AAEL &) B, B I 25 00 R AR ARl At ()
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LLHESE, 2009; FIERASE, 2023), XA TR RIPIRAS B A5, W
9 TR TR TTE 2y oA — 5 PRI A, FRLHE A A D 2 AN A2 IR il R, I 20U e v 23 43
HEAR I A TGRSR R 7= X (R0 R I 10 DR A SR R gy v P8 A A X T 14
A EEAEH BRIESE, 2018).

b TEEBEHAMKE, AR PEBEN TR KA EERNNE R0 Az
V-5 250 TR BETE H IR e R TR 55 R AR 55 75 5Kk (B RS, 2017), K=DUS5 A
B (FY-4A) M B B (FY-4B) EREMER LPUIE T LAMENIL (GIIRS) 2 T ZHfi
—, I SR 4y ORI AN R R B R LA S 7 B b SR T R A e i
I EARI, BRSSO SRS AN I B A, D RS TURIGHERTEE . Bak, thik. ik
BB RS B, SCOL T EFR R 30E BN 4B N =425 5 0, BT SR R X (des
SCRBEE, 20185 g, 2021) . FFEAVELXT GIIRS BORIKIG BRI FURS PR 45 T 8 7 1R
% TAE. Ren et al (2022) P FY-4A GIIRS ¥ E iR Z/EXHRE LE F Bk, sz
HARXT BN, He et al (2019) W7 R B FY-4A IEIREILLRE E M B A OC, W25 I IR BT 4k i 2
N 21K, AEIRZER 3. 7K, MNTREHEHKA, BEREEEN 2.5~3. 0K, HEHE
JERRERIRZEN 18%, H mMHRZEDY 21%. TKMESE (2022) X ELIGAIE 1 B ROR AR A T AT FY—4A
GIIRS, BN S AF MRE KA &2 KRG SR — BB, TR PRINITE 25 R
A AN (a7 He B A —E S, PTLA S MR R S T A AN S . Cai et al (2020) FHA
AR ZEITVEXS L T FY-4A GIIRS 5 ATRS 7 b IR I S 45 S o IX e 7¢ - BEHE T FY-44,
XF FY-4B GIIRS 7= ik 36 APE Al iR 502>, FY-4B GIIRS 7 2% [H] 43 3 SR i B _E %% FY—4A
A pre (B4, 2019 Jgdi, 2021), Rk FORS FE IO VRAG AR A L.

BAh, FESE GLIRS BERHA R T 8 1 M T . Bl in X8 4545 (2022) 43 1 T A EA
[F4 I FY-4A GLIRS i ZEHFAE: T i 23 20 HF 3 10 FY-4A GIIRS £HX) & KNI 1wt 7
B (Yin et al, 2021; Feng et al, 2022; B #]%%, 2023); 452 (2023) ¥4 7 FY-4A GIIRS
FEFEMIRLFE P N ;s ELAGEE (2023) VPA% T FY-4A GTIRS 7ESRATIRILFEH AN, (H AT SR B
= GIIRS 7ESEPRL 55 A (I F PP {31 10km k50 HF%I% 2 h SHTA) GIIRS Wik}, mTLAfS
3] TR 90 o 75 £ oo B 2 20 K AR ER R, A RORAMAR 2 YORHI 5 23 MR AN 2 1 10 A,
W B I T R AR S BT RN T Bz —

TN H AR FAREE FE 1 = S e SR AR, ALV LARS . REITILK AR, Hh A PE m AR MG,
Al AR F T mAR, MO, MR E A, LA R A BTEARE 92%, K
R ETE 147.8~2900. 6m (& 1) o BTHUEBRALEARFRR, SOM CREMLZ A Xz 4
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MR, ZARKELWE, BW. BNRSERKFERIGRRK B, 2015;
2023) . BUMNE NI 3 MR, RIDNSEIHES BT A Z2uh (2025 4F 3 HRTED
BTl e, H—RAOCH BRI (08:00 A1 20:00, JbXiy, FIRED . Joyk4sim s
AR (B A0, WARE LR TRIBE SN, K GTIRS 7 S f it
(I 5 T 1) 4 TR 0% o B 2 3 3 K AR Bk, 8 Dy i 5 T e R, AR 71 i o U
KA TR IUESR LR 338 o RINBF R R, = %F GIIRS SRS B R AR KA e 1k
(CEWEE, 2023; BZMH5, 2021 , SMEEZZRFILE. EXOESERIRGYN, &
BB Z (WRFF, 2015) , NELFHE GIIRS BEkh, e 7 BOGE L A4 L 2% 4 R = XF GIIRS
RIS o [R] S AR S 7T B BH 3 CHER 1223m) R0 T iR 2238m) iR 7 k), K56 FY—4A/4B
(1 GLIRS 7 S fE SN T = AT = 261 R IAS I, SRR M 2023 4F = IR IX IR B 1 A
PRYF GIIRS i B 25 73 % S 1) 0 0 A T UK B S P I 30 TR P (K 1 A, BV GLIRS 7= b 7E
RATHR S PR BE T, AR 3 SR TR P ik R 3R 5%

28°N

25°N

104°E  105°E  106°E  107°E  108°E  109°E

Fig. 1 Distribution of sounding stations (black dots) and terrain (colored) in Guizhou Province

1 Bl Anri%
1.1 BHEKIR
AT G FY-4A/4B (1) GLIRS L2 g RIRIB L IX A B= i (AVP) , Hdfe
* U8 i x ~ % el A i i
(https://satellite. nsmc. org. cn/PortalSite/Data/Satellite. aspx) , FY—4A iR EFERZR
KrSG IS a] 2 2022 4 1—12 F, FY-4B GIIRS #¥i T 2023 42 3 H 4k, ik FY-4B iR, i@
JE R A AT I 6]y 2023 4F 3—11 H o S0 BORF Ay [R)I 18] B 1) B BA AL BT 4825 i 5080« RN
ity ERAS R T 0RE (3936 0.25° X0.25° ) o AMIISMHTEEL 2023 4F 50 = 7k X d


https://satellite.nsmc.org.cn/PortalSite/Data/Satellite.aspx），FY-4
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UKEILRE, BRARA A FY-4A/4B [ AGIRIRIEIZE 2 4, A 45 Hh i (5 25 R 00003
B NS 3R vk 5 -
1.2 YA %
1.2 1 2 EE
N 1 R, KT B FORH 2 o SRR AR ], DR R e & A R AT B 5 T
Beo ZEMGMIIS R) L, 4 FY-4A GIIRS FHERZS M [A) ELHZULAC, 10 FY-4B GIIRS H4R7EHKS 1
h, ToVEBEFEILES, FEE 09:00. 21:00 [ FY-4B GIIRS 5 AR IR ERAS BERHEEATILAL .
FEZE ] b, &M BERHR KA B HE R AN, BRI 75 250 i FY-4A AIERZS . FY-4B
A1 ERAS BEAT R IAIVEAC. JA7KKEE (20200 WFFAF 3] 5t P GSOBER S THE A LR 5% A4
(157 RSP R AR R KSR EE 10 RS L Ay 30km, DRI A% S0 2% RECKE % 23 sk A Bl 25km 31 ]
PR GTIRS WRIIAKK . £54 He et al (2019) DAREEMESE (2023) J59%, LARZS U
LB R, 1554 ERAS BORL AR IT s i B VAR B PR s ol b, P AR ol fKF
PEE W22 0. 25° HOYEHES GIIRS FEALE % & 2 L I BME BEATULAC . S ELJT 1] L, 435l
GITIRS. 75, ERAS fi{HEIARUES IR Z, L 26 2. BFAEICESERUG, FEE 5] FY-4A A

JFRAHHE 1217 5%, FY-4BIRE. ¥REERZHE % 1069 7%
®1 FRIRMZERNSH

Table 1 Parameters of different detection data

PURIIE S 3 Tk iR FY-4A/GLIRS FY-4B/GIIRS ERA5
i [ 43 2 12h (08: 00, 20:00) 2 h (00:00 FF4&MM) 2 h (01:00 FLEHLMD 1h
7 [E] R =200kn T 16km £ R H 12kn 0. 25°
THEH £1.90 101 101 37

1.2.2 R E=F Fo ko do 7 ik

FY=4A/4B ] GLIRS 7= fitoif 5 — ZEH AR At 1 FiErr Y. 0 il 1 AEIF. 2
B 3N NAN HTRUE . ASCHEERBR T RRUEZ )G, /3 a8 . k&
it 2 IR BIBRIT RS 2 A1 3 M s BEAT RS HLARE, A5 B8 R in KRR FEOR BE7E MV 55 vh AT {8
K, B HERIR . GIIRS BURHAF I A= (CLM " HIRFIMIE =8 L=, CLM
HONER, 1 M. NITRERNER T, SEEEE (2023) W7, SIAGITS
H SR ZE B | PI4axtiR 22 (MAE) | BT7 R 2 (RMSE) , PR Z AR iEZ (STD) ,
S ARG TE 7RG 2 4 T 8 1o BE V2 b T I T8 1 L 6 4 55 S 0 2 1 fl 25 2 R R 5
HIREE
2. RIREE R oM
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2.1 FRIREEHIRRES

B (2023) XA [ BB RE A KU 45 AR 22 41, R =B GTIRS A F (1 780 o ™
R D, SR L RRERD, TSN X = B R L, JRHEI R R FEE R
RIRIES Tz, I RAE 5 RS FA RS 0 A1 1 (%, & S8R CEBuL, Rig
JERLRANTEHE o VTS AN 5] B R B AE 2, 49 7% FY—4A/4B AN [5) 5T 5 ) 1) il Y B0 2 1A 56
RNZIE REFREERFE SR (CURREFRN ALL)  HBIBRBR R 3 %R (LR RifR A
D3) . HkRFTE 2 F1 3 FKHE (LLRRIFRCA D23) o B 2~[& 4 73508 FY-4A i & . FY-4B
W FY-4B B2 4R 5 S L K P 38 0R 22 B P B iR ZE bR e 22 T EL A3 A, FY-4A IR BEAE
600~150hPa /NF50, HARJZLEBIR TS0 FY-4B ¥ BEZE1E 800~100hPa /T35, H
RIZEEIE KT LB BT &R RIS, PO R 2 1% 22 B = B AR T & i kg X, 72
400hPa PA R HEI/INFSEL, BB RER IR B2 e A T, FY—4A/4B AHEC TS0 Tl 22 . A
FY-4A 5 BE (1 = SRR AR 10 45 RO E (B 2) » ALL FIRZEHCK, HME 4-5.0°C~5.4°C,
“F15759-0. 45°C, D3 ) ME 8 ALL B R.3sk/N, H-1.9°C~1.8°C, “F#5-0.08°C, D23 % /=
BIME 4898/ N-1.2°C~1. 3°C, “F#98-0.05°C. ATLAEH, RBRBED 3 550 M &1k
FHRTEN, BETVHME B 0.37°C, STD i/ 2.8°C, Ui B MR RE R K FRE. 2
FLE D3 AT D23 £EA%, D23 ¢ D3 (1) ME Jk/ 0. 03°C, STD ks 0. 2°C, iR ZE RN IFABE .

FY-4B iR FEEER LR 1% 2 5 FY-4A 20 (& 3) , D3 5 ALL AfIEL, &2 ME Js/) 0. 98°C, std
/N 3.91°C, BELEE I PA%; D23 5 D3 MHLL, 2 ME Jd/) 0.49°C, STD 98/ 0. 31°C.
FY-4B LR B LR 4 i 44 /5, D3 15 ALL AHELHE)Z ME 971y 0. 5g -kg ', STD Jsk/M 0. 45 g <kg

D23 5 D3 AHHLEE 2 ME {008/ 0. 19 g« kg ', BSEGRE AF B AR A 281k

100 100 100

150 A 150 P 5 C

200 200 200
250 250 250
300 300 300

a0 400 400!
3 & g
< 500 g 2 500
400 400 400
I

i L
7001 700 700

850 850 850
925 925 925

0
100910 -5 5 10 10 =10 -5 0 5 10

1000 5
mE (C) BE (C)

10 -5 0 5
mE (T)

B2 2022 BT FY—4A I BE R R = MU AR X T 4R 23 IR iR 25 T L0 AT
Fig. 2 \Vertical distribution of errors of three types of data in FY-4A temperature profiles relative to radiosonde

observations in Guizhou Province in 2022
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B (hPa)
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0
5 10 =10 -5 0 5 10

o 1% 5 0
B (C) i2E (C)

-10 5 0
BE (C)

K3 2023 4 3—11 H 55 /H FY-4B iff B BR 2k = 2R Edi AN T~ ERAS iR 72 2 EL /0T
Fig. 3 \ertical distribution of errors of three types of data in FY-4B temperature profiles relative to radiosonde
observations in Guizhou Province from March to November in 2023

100 100 100

50 a w b 150 C
200 200 2001
250 | 20 250
300 300 300
400 400 400/
° s i
L 500 L 500 2 500
= < <
400 # 400 # 400
{E e B
700 700 7001
850 850 850
925 925 925
1000 -4 -2 0 2 4 1000 -4 -2 0 2 4 WOOQA -2 0 4
LB (g/keg) B (g/ke) EER (erke)

Bl 4 2023 45 3—11 A 50 FY-4B IR BE R AR = SRt 0 T~ ERAS F15% 22 1 L4 A
Fig. 4 \Vertical distribution of errors of three types of data in FY-4B humidity profiles relative to radiosonde

observations in Guizhou Province from March to November in 2023

R 2T FY-4A/4B B R B I BARAEA IR ZESETE, D3 A1 D23 HRBE [ ME. MAE,
RMSE. STD #Z#/NF 1°C, HIBAHZE/NF 0.5g - kg '« &UHE, IREFEILZN D3 1 D23 5
SEOUHR REUN 1. LR D3 5 AU SC REON 0. 94.D23 5 SHHUAHK R ECN 0. 95,
MR — it IR, 45 LRk, D3 5 ALL AHEGRZ B Rk, {5 D23 1 D3 4H
PO SRR ZE N REIEAN R, A OREA RS A 2 MR, FEAR U IREA AT LU i 10%(1)
FEAS, (HXT LR, =5 OREE PR 2 MBI A S B AN K IR SEBR L 55 Hm) LA
S S 2 (R, SRR R OR BRI R A ) e e, W AR R TR S

HEMEH, JEICKEET D3 B ot — T

&2 FY-4A/4B BHAREBEHIHRREFIHES
Table 2 The statistics of error averages of different FY-4A/4B quality control data

EER FEASLTY FEAK & E ME MAE RMSE STD
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209

FY-4A IR BE R 2% D3 55% -0.08 2.12 2.67 2.38
(Hfz: C) D23 45% -0. 05 1.72 2.18 2.02
FY-4B R JER 28 D3 49% -1.08 1.93 2.39 1.91
(Hfz: T D23 38% -0.59 1.48 1.85 1.60
FY-4B ¥ AR 28 D3 66% -0. 68 0.96 1.36 1.16
(Hfi: g kgh D23 62% -0.49 0.81 1.19 1.06

2.2 N DERRRIEHEHRN

5 WA 23 SE M AR SRR RS I LLAME S, — 7= 2 BHAS 5 CO R
LLAMEST, 51— JT s B S W K L AME S AR IN5E (He et al, 2019), [ GIIRS
PN AR SRR A S LA MRS 2 2 B s TP ASCKYE GLIRS H Ay i = A il

(CLW) BFEARG N ML, &K RAR CMET 0 8z, BT 1 AF
=, B O WA 1 SChmIA T, K 5 AT, FY-4A R, FY-4B i FEAIIREERK) RMSE BE4Q
LN, Bab&K, ZURN T MG FY-40 & RISE FIEAEL =
FTIBFHFAETIARN 1.76°C 1. 99°C, A=K TR 2.95°C, ZuWIRLLIMEST K m,
A =i RMSE L E =M =i F4 AN T 1.19°C. 0. 96°C » FY-4B ¥ 554k RMSE V- ¥{EAE L
ML FFA T8 1.26Cy 1.57C, Hulfh 2.78°C, WhEmMBBF o msgm v
1.52°C.\1. 21°C, B I 22 BEAE 700~200hPa B2 1 F HLIB/E R B RSB T 0 g kg
X HE AR 400hPa AR FY-4B FLIRETZE IR ZRF AL Jo 5 A= I S A6 A 1 LI A RMSE 14
HH R 1.25gkg ' 1.58 g kg ', H N 2.53g-kg ', 400~700hPa [ i (PR,
RMSE JU-F- /L M4 INfY), 700hPa LU R TG A A =) RMSE Zifc N R, Tai-FEME )
1.47g + kg ', A=HAIL 3. 24g - kg ', RIERM 2.2 5.

GEE bS5 N S, B2 i AN TR 2 R 1R 22 20 ATRFAE , Y 200~500hPa. 500~700hPa.
700hPa ZITHLZ 3 AR R ARG s AKZ . FY-4A REET = %M T, w22k
95%F¥] RMSE /T 2.5°C (Kl 6a) , W 1°C, JLTARAEIE 3°C, i =i RUSE [ 745
MR 3°C, HAREF A 2°CU b, RITLE A ZMHRESMEREK, JLT
B HA ARJZE B RMSE 23 A i A U0 AT T K, JE = A 2 ¥ RMSE £E 2~3°CH 5,
BT Z I ATISRAT 25% ) RUSE IKT 1. 5°C, A7 = A Al 3m ¥ RMSE B, B KATik 6°C.

e 2 MICZ FY-4B IR RUSE [FIREFETC = A 22 261 N X 2, i B8 0 A J L
FERAES (E6b) , 90%H] RUSE FETL BRI /NT 2°C, A 1°C, Aol Aife 2~4C.
RZL A =1 RISE K5 E A, T RMSE B/, H1{%)Z FY-4B ¥ RMSE 77 2 Al
Ao AR ES (B 6c) , TrURES/NT 2g-kg', SABIHIS, A oHBEHUE
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SLERIN, 50%LL XK T 2 g ke ARJEA 210 RUSE B K, 50% KT g kg s WEEN 2. 5g kg
HA I 6g - ke MR AFTE.

i EPTR, o0 TR SRR R 2 51K, A =N RUSE (U AT B B R AL O
SR, R IX R BRI S EATR R, RZ 2NN, X R R R
THAMNZ = BIFEIE , T S0 SR B S I 0K, 3 2 SRl B e B 2 R A D, ]

SEORZEW K (E3tSE, 2023) . {BJE RMSE /A ML KIZ R IR E R, Aok
ZEPARTEHTE) T, JUHE 700hPa DL RIREERZEMNR, HA G MR E . e A %%
JEE 7 b B LT 4 B R K I ) R, A TR 25 P ST KSR B IR E 2 4 2R,
A5 R P I8 5 9 B U 2 A A T AR A B

1001 — %= 100 — %F
1501 — HE 150 — HE
2001 — Zia® 200 — =R
250 250
300 300
4001 400
g 501 CE 500 %“
] @ @
W i [0
7007 700
8501 850
925 a‘ 925 b
1000 i 7 3 3 1000 i i 3 p 1000, i i 3
FY-4NEE RWSE (C) FY-4BiREE RUSE ('C) FY-4BLEIR RNSE (g/ke)

K5 5EIH (a) 2022 4F FY-4A i BEFRZARXS T 2R 1 RUSE, (b, ¢) 2023 4 3—11 H (b) FY-4B i
LB X T ERAS [¥) RMSE A1 (c) FY-4B ¥ BE B £ AHXH T ERAS ) RMSE
Fig. 5 (a) RMSE of FY-4A temperature profiles relative to radiosonde observations in 2022, and (b,c) RMSE of
(b) FY-4B temperature profiles and (c) FY-4B humidity profiles relative to ERA5 reanalysis in Guizhou
Province from March to November in 2023
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Fig. 6 Violin plots of RMSE of (a) FY-4A temperature in 2022, and (b) FY-4B temperature and (c) FY-4B
specific humidity at different altitudes in Guizhou Province from March to November in 2023
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