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Verification of FY-4A/4B Temperature and Humidity Profiles and
Its Application in the Hail Process in Guizhou

LI Li LI Yanlin YANG Jing ZHOU Yongshui ZHOU Mingfei
Guizhou Meteorological Observatory, 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 temperature and humidity
profiles are verified against sounding observations at Guiyang and Weining stations and ERAS5 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 root mean square error of FY-4A temperature increases by 1. 19°C (clear sky) and

0.96C (cloud edge), FY-4B temperature increases by 1. 52°C (clear sky) and 1. 21°C (cloud edge), and specific
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humidity increases by 1. 28 g » kg™ ' (clear sky) and 0. 95 g « kg ' (cloud edge), respectively. Moreover,
cloud cover also amplifies vertical data dispersion. Seasonal comparisons between sounding and satellite
profiles demonstrate that FY-4A/4B captures terrain-induced differences in atmospheric stratification be-
tween Guiyang and Weining. For three regional hail events in 2023, GIIRS products agree well with
sounding observations. The high-resolution profiles reveal pre-hail instability, which is “upper dry and
lower wet”, offering valuable forecast indicators. However, the near-surface layer retrieval errors lead to
the underestimation of convective available potential energy (CAPE) and distort low-level sounding struc-
tures. After the surface 2 m temperature and dew point temperature corrections, a large CAPE and a
sounding structure conducive to the occurrence of thunderstorms and strong winds are displayed. This is a
good support for the short-time forecasting and nowcasting of severe convections.

Key words: FY-4A/4B GIIRS product, temperature and humidity profile, comparative verification, hail
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Fig. 1 Distribution of radiosonde stations (black dot)

and terrain (colored) in Guizhou Province
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sounding observations in Guizhou Province in 2022
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(a) RMSE of FY-4A temperature profiles relative to sounding observations in 2022,

(b, ¢) RMSE of FY-4B (b) temperature profiles and (¢) humidity profiles

relative to ERA5 data from March to November 2023 in Guizhou Province
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Fig. 11

(a) Sounding, (b—e) FY-4B temperature and humidity profiles and () FY-4B temperature and

humidity profiles corrected by surface temperature and dew-point temperature at Guiyang on 20 April 2023
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Fig. 12 (a, b) Sounding at Guiyang, (¢c—e) FY-4B temperature and humidity profiles at (¢) Guiyang

and (d, e) Bozhou, (f) FY-4B temperature and humidity profiles corrected by

surface temperature and dew-point temperature at Bozhou on 5 May 2023

BT 28.5 m s 'HEBERNKLH 19:00 K K
MR EELE HA 500 hPa UL E T2, I A KM
tH 700 hPa LR B T2, I FE 338 ol 258 422 3 T 3 448 FA
(E 12e) , A2 F T & A= TR 2% KRR T 48 34, 45
IH IR 2K L T B 23 3 BT AR DR T AR R KUK A v
A R, SR 2 mo R ER ASOIR B2 T OE
J&+19:00 800 hPa DAF By ifit i &% s 22 38 K (& 120,
TE R B VIR, 2 R T oKL e 2 R XA 45 ), AT
WS VT TE J5 B HR 23 T DL A Gy b B 93 41 53 X6 43 2 5
Xof A 11 65 B e 30 A

i

4 25

JEAL FY-4A/4AB 1y GIIRS 77 iy 78 53 M 1 kG
FE AN 55 I FH 0 s DA 5% BH BT R sl 52 0 R 7S A
ERAS P43 8 %8R R FE e, K 30 1 FY-4A R B B
FY-AB IR E L, JF e B T 2023 AF =k Xk
VKBS 2o A 6 T3 AR Y I £ A L R AR R AT 4y
Mr A8 EZLBWT .

(DX} GIIRS By A [a] 57 & % 7 47 4= 22 70 #r . Dy

5 ALL A i 25 F0 B AR B 2 980/ o5 Dy A1 Dy A
iR 22 T I A B 8, S2 PRl 45 b i] L% R Al R
A 2 R L B R R R IR T R Y S R A X
EHHEZEITEX RS A EEEH.

(2) = %t GIIRS 5 0 I 18 B 28 A7 45 K i 5% i
Ao RERT JFY-4A B RMSE s =
B IS T 1. 19°CL0. 96 C . FY-4B Ji Jif 43
BIEINT 1.52C.1.21C, A = RMSE B %8
T B 0 LG 2 B A R A X R 2 1 7 R U2 R
R A L R A 22 318/ . I8 RMSE 54 =
FITG 2 B 25 S5 LU R B B K A 2 35 25 43 A 31 [T R
I B G M BE . 700 hPa AR B AE TG = FVA
=) RMSE 28R i o B3 T BB 1.47 g »
kg 'H AL 3.24 g - kg LRI AM 2.2 £
PR] I 7 {67 FH A2 0 BE ™ it B S22 5 3 25 R 22 R 1) (]
S, {65 Y 07 B 90 R 4k S A A AR AR R

(30 %F H AN [) 25715 5 B R 7 5 0 4 2 R TR
JS T 1 1 S5 VB £k L A& B T 1 52 1L i R BHL SR
Bz S R TR IR R R RE A S e B B Y
JI5E b 9 R T 3 I L T AT S e T Y i SR TR



976 A

% 951 %

MR . B AL IR T R 4R BE R 4 e i
“ BT ES WA AR B R T T R
5 TR KA 2 A X 5 PG B AR AE  1EL S 38 11
8 o U B B A L S IS . 2 TR RO R 2k
B A5 b A S 2 o R 2 A 2 O o YRR AL L O BBE R
ERAE IR P S DA TR R 4R 0 A (HL M AR T 5 0
Rt 3 7 TR SO W R B AL T,

(DO Pl GIIRS % B 4 7E 2023 48 =) 5 M
DX P KR S R i N R 3 H 16 H Bt
B T B K R e AR v GTIRS 5 5% BRI B 57 ol Y
SEBUIR 25 B o — B, 1 B A 43 P S TR B £k A B
FIBEERA)ZEE R AW K E & ER BT T
M7 B AT BE 3G s X6 KR K A T A TR A
FIFE R, HYE4 H 20 HA 5 A 5 H A IKE 2
R & B, i T GIIRS X 3T Ml J2 I I8 5 3 15 22 48
R ik B RN 5 A B A S A /)N S B0 CAPE
7N s AN FF A O8I0 1) K UK RS B = S5, ) e v U 0
9 2 m Y EE RN R AR AT IR S L T DL R R
Ky CAPE, DL B F T8 # RN EENRE TR R
T D3 AT A 2S5O0 I B I O TR A B S
EH.

2% Uk

AR BERK 5, 2023, FY-4A GIIRS 5 B[] 43 ¥ 22 % 1% 3 6 4%
SO B HAE G R R AT ] KRR, 43(4) :561-568. Guan
L,Han J,Xue Q M,2023. Temperature and humidity retrieval of
FY-4A GIIRS with high temporal resolution and its application
in typhoon[J]. ] Meteor Sci,43(4):561-568(in Chinese).

RS, B, 2018, M U574 TR RS TR H WAL . B
2,70(1):24-29. Hua J] W,Mao J H,2018. Geostationary inter-
ferometric-type infrared sounder (GIIRS) on Fengyun No. 4
meteorological satellite[ J]. Science,70(1) :24-29(in Chinese).

LA BRI AT, 45, 2021, Tk B & R R W 2R I R I X
GIIRS/FY-4 A i BE S i 5 4ok B WF e [0 ). ilf KR %4, 37
(2).:277-288. Huang Y W,Chen S Y,He M,et al,2021. A study
on the accuracy of temperature profile retrieved from GIIRS/
FY-4A over the East and South China Sea[ J]. ] Trop Meteor,
37(2):277-288(in Chinese).

203 Wi VFAT L 45,2024, 2 5t SRR W B T 55 1R AE B R
HFAH0)]. S5 58 R %, 47(2) 1 36-45. Li L, Yang ], Xu
K,et al,2024. Characteristics of frontal fog in eastern Yunnan-
Guizhou Plateau and the analysis of meteorological impact fac-
tors[J]. Meteor Environ Sci,47(2) ;36-45(in Chinese).

ARFE L2015, 74 R 3l XA 6 25 80 = 11 = K A A3 A R AR ks
[J]. F85%4,33(5):748-755,801. Lin D, 2015. Temporal and
spatial distribution and change trend of cloud water of different
types clouds in Southwest China[J]. ] Arid Meteor,33(5) ;748
755,801 (in Chinese).

ARBE T BT SR L 45, 2022, FE At JE 52 R 1 4 ) 38 IR R 25 I
4010 B A 424, 33(5):568-580. Lin X M, Wei Y H,
Zhang N, et al,2022. Construction of air-sounding-profile system
based on foundation-remote-sensing equipment[J]. ] Appl Mete-
or Sci,33(5):568-580(in Chinese).

XILL e, T30 75 50 55,2009, ¢ H 3 ol 0 S 3 00 2 45 32 19 b
SO X KR AR E R 28 W LT ). R AR, 33(2) 1 388-396. Liu
H Y,Wang Y C,Wang J L,et al,2009. Preliminary analysis of
the characteristics of precipitable water vapor measured by the
ground-based 12-channel microwave radiometer in Beijing[ ] ].
Chin J Atmos Sci,33(2) :388-396(in Chinese).

USRI A% 22 B8R - 45 . 2022, 1T 1) BERHA] AL 1 FY-4A TLE GIIRS 48
DU AN A 22 A 2 BT R 22T IE LT ). KA RE %, 46 (2) 1 275-292.
Liu J J,Xu L,Cheng W,et al,2022. Bias characteristics and bias
correction of GIIRS sounder onboard FY-4A satellite for data
assimilation[ ] ]. Chin J Atmos Sci,46(2):275-292(in Chinese).

R XL TR DR 52 L BRI L 55, 2017, KUz U5 R TR 150 1 % L
JART ST, PR 4 %4 .37(2) : 1-12. Lu F, Zhang X H,Chen
B Y.,etal,2017. FY-4 geostationary meteorological satellite ima-
ging characteristics and its application prospects[ J]. ] Marine
Meteor,37(2) :1-12(in Chinese).

SR, Bk 4 PR L2019, 3 T F BRI FY-4A/GIIRS 204 6 it
TGS BEFELT ], L0515 2 R 24l . 38(6) : 765-776. Luo S,
Di D,Cui L L,2019. Study on FY-4A/GIIRS infrared spectrum
detection capability based on information content[ J]. J Infrared
Millim Waves,38(6) :765-776(in Chinese).

B 2L B S A, 2022, 2003—2017 4 5 B OC R M B2 1 i
TRAFAEL)]. G RHE R . 12(3):66-70. Min C H, Huang S Q.
Wu Y H,2022. Analysis of atmospheric boundary layer inver-
sion characteristics from 2003 to 2017 in Guiyang[ ] ]. Adv Me-
teor Sci Technol,12(3) :66-70(in Chinese).

BT ALRE L E 55,2023, e A5 TR JE W CE KA T
[J]. DA W A, (6):33-37. Niu N,Ren S L, Xia Y,et al,2023.
Application of Fengyun meteorological satellites in monitoring
cold wave disaster weather[ ] ]. Satellite Appl, (6); 33-37 (in
Chinese).

BRI . S0 AK B & . 45,2019, 36T FNL #1 GRAPES 43 #7 37 1 5
2R RO AR 22 40 BT [T, U5 - 45(10) : 1464-1475. Qian Y.
Ma X L,Guo Q Y,et al,2019. Error analysis of sounding tem-
perature data based on the FNL and GRAPES analysis fields
[J]. Meteor Mon,45(10) :1464-1475(in Chinese).

T B TR A AR L 55,2023, JE T FY-4A IR LR 1 50 U o AR
B KB S A AT L) ] R, 51(1) < 1-13. Qin H, Huang
M C,Nong M S, et al,2023. Comparative verification of sound-
ing data of strong convective processes based on FY-4A temper-
ature and humidity profiles[ J]. Meteor Sci Technol,51(1):1-13
(in Chinese).

INARAS B AH B L 2012, 38 % 3 K o BT 5 TR 9 A T kAR )
[J]. 5% ,38(2):164-173. Sun J S, Tao Z Y,2012. Some essential
issues connected with severe convective weather analysis and fore-
cast[J]. Meteor Mon,38(2) :164-173(in Chinese).

FHb S AR, E L GE L2023, B TR T RR A 09 FY-4A R E
BRR R ], B RS 24 34(3) 1 295-308. Wang H, Zhou H



%8 M

2 % FY-4A/4B IR0 EE 4 K 58 K 78 5% MM VK8 o A2 v 9 2 43 #r 977

F,Wang C,et al,2023. Accuracy validation of FY-4A tempera-
ture profile based on microwave radiometer and radiosonde[ J . J
Appl Meteor Sci,34(3):295-308(in Chinese).

FE o B E R 2024, 75R T BUR 28 76 CMA-MESO =
e A5 43 o 1 D 4 % B2 B 9 860 0. 4050 (2) 2 159-
169. Wang J C,Wang D,Wang R W,et al,2024. Assimilation of
round-trip horizontal drift radiosonde data in CMA-MESO
3DVar and its impact on model forecast[ ]J]. Meteor Mon, 50
(2):159-169(in Chinese).

JEH L2021, Wos M5 B AT T R (7): 68, Xian D, 2021.
Fengyun-4B satellite[ J]. Satellite Appl,(7):68(in Chinese).

T kb /NI L 3RS L 25, 2015, 2 3 @ SR BE il MCC fy 3% 5 Fa
R KR AELT ], 7 B4 . 34(5) 1 1249-1260. Yang J,Du X L. Qi
D P,et al,2015. MCC survey and rainfall characteristic in east
mountain of Yunnan-Guizhou Plateau[ J]. Plateau Meteor, 34
(5):1249-1260(in Chinese).

i AL /NES R SR L AL 2020, M B THT 25 1 AR R AE T 0k B HE
AR AR Y B 43 A L) ], B 5K 39(5) 1 496-507. Yang .
Du X L,Zhu W D, et al,2020. Analysis on basic characteristics
of frontal fog in Guizhou and influence of stationary front on its
generation and elimination[ ] ]. Torr Rain Dis,39(5) :496-507 (in
Chinese).

Mo BE 75 ¥ A Z R 5552023, & Bt AR AL I — U L UK B R
BRI RIE 5 R R AT ], w5 . 42(2) - 374-385. Yang
J.Yao X P,Li Y L,et al,2023. Structural characteristics and de-
velopmental analysis of the rare hail supercell in the Northeast
Yunnan-Guizhou Plateau[ J]. Plateau Meteor,42(2) :374-385(in
Chinese).

T W R TR 2018, FY-4 A KA ELAR AL (GIIRS) i B2 #8
WL 20505 2 K 4, 37(5) : 545-552, Yang Y H,
Yin Q. Shu J, 2018. Channel selection of atmosphere vertical
sounder (GIIRS) on board the FY-4A geostationary satellite
[J].J Infrared Millim Waves,37(5) :545-552(in Chinese).

/NGRS EFS AL 207 A0 45 2020, & 2 B O6 L IG OE B4R (M. b
oA AL Yo X D, Wang X M,Li W L,et al,2020. Thun-
derstorms and Severe Convection Nowcasting [ M ]. Beijing:
China Meteorological Press(in Chinese).

MG L PN B, 452022, & BBE I TR AN L AR U R ST UIR
JB S WA X L AN B TE [T ] K4 BH 45, 50(4) : 485-493. Zhang P,
Xian D,Sun X Q,et al,2022. Comparison and verification of ver-
tical temperature profiles in Winter Olympic venue based on sat-
ellite and ground microwave observation data[ J]. Meteor Sci
Technol,50(4) :485-493(in Chinese).

TR, B E = M 5 L 45, 2021, 3T B TR SR R R 2 R
BRI R U 2 A A g [T ] A4, 47 (12): 1512-1524.
Zhang X P,Guo Q Y, Yang R K,et al,2021. Assimilation exper-

iment of rainstorm in the middle and lower reaches of the Yangtze

River based on “up-drift-down” sounding data[J]. Meteor Mon,
47(12) :1512-1524(in Chinese).

TR 25, 2020, FY-4 BOHE 7 5 76 586k e 00 b g B LD . R st e
{5 E T K%, Zhang X Y, 2020. Application of the FY-4
data products in sever convection monitoring[ D]. Nanjing: Nan-
jing University of Information Science and Technology (in Chi-
nese).

RAUH B AN L BRI, 45, 2024, 3T L B2 MY FY-4A & T
TRLE 7 it VA M BCAE & ZE R K AR S R g R [T DL %, 50
(1):59-70. Zhao Y M,Sun J,Qi L B,et al,2024. Evaluation of
FY-4A cloud top temperature product based on L-band radio-
sonde data and its application in winter precipitation type identi-
fication[ ] ]. Meteor Mon,50(1) :59-70(in Chinese).

JHERS R = H TR 55,2023, EFAER AR A Y FY-3D T
BRERERLT] M AR %R 34(1):52-64. Zhou X S,
Guo Q Y, Xia Y C,et al, 2023. Inspection of FY-3D satellite
temperature data based on horizontal drift round-trip sounding
data[J7.] Appl Meteor Sci»34(1):52-64(in Chinese).

JEI KK JRUET AR s AR, 45 L 20130 B T 0 T S B0 SN AR TR UKD B
BRI, P H . 33(1): 9-12,62. Zhou Y S, Yuan Y, Mu K
L,et al,2013. Hail potential trend forecast based on convection

parameters in Guizhou[J]. Trop Geogr,33(1):9-12,62(in Chi-

nese).
JE i K S SR T S 5 2020. 5 R I IR EE R E B KA I M 3 R
SR BE B Ay AT [T ). B R R 2. 36(2) :199-207. Zhou

Y S,Yuan Y,Wan X L,2020. Analysis of effective detection dis-
tance of ground-based microwave radiometer in thunderstorm
weather in complex mountainous terrains[]]. ] Trop Meteor, 36
(2):199-207(in Chinese).

Cai X,Bao Y S, Petropoulos G P, et al,2020. Temperature and hu-
midity profile retrieval from FY4-GIIRS hyperspectral data
using artificial neural networks[]J]. Remote Sens,12(11):1872.

Feng J,Qin X H,Wu C Q,et al,2022. Improving typhoon predictions
by assimilating the retrieval of atmospheric temperature profiles
from the FengYun-4A’s geostationary interferometric infrared
sounder (GIIRS)[J]. Soc Sci Electr Publish,280:106391.

He M,Wang D H,Ding W Y,et al,2019. A validation of Fengyun 4A
temperature and humidity profile products by radiosonde obser-
vations[ J |. Remote Sens,11(17):2039.

Ren S L,Jiang J Y,Fang X,et al,2022. FY-4A/GIIRS temperature
validation in winter and application to cold wave monitoring[ ] ].
J Meteor Res,36(4) :658-676.

Yin R Y,Han W,Gao Z Q,et al,2021. Impact of high temporal reso-
lution FY-4A geostationary interferometric infrared sounder
(GIIRS) radiance measurements on typhoon forecasts: Maria
(2018) case with GRAPES global 4D-var assimilation system
[J7. Geophys Res Lett,48(15) :2021GL093672.

CRSCTE 90 - 7K T5)



