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Abstract: The brightness temperature bias of the medium wave channel of the variational assimilation geosta-
tionary interferometric infrared sounder (GIIRS) of FY-4 is required to meet the Gaussian distribution, so the

I.on

bias correction of GIIRS data is necessary. Based on Harris B A and Kelly Gs "off-line" method, a method for
GIIRS bias correction based on the random forest is developed in this paper. In the specific implementation
process, the cloud detection of GIIRS data is carried out based on the advanced geosynchronous radiation ima-
ger (AGRD cloud products of FY-4. The experimental results show that the brightness temperature bias of
GIIRS satisfies the assumption of Gaussian distribution after the bias correction. Compared with "off-line"

method, random forest method has a better correction effect.

FE EH: 2021-01-07

BELWH: EXEAHFESTE UI805080); F T A AAF# % &4 T H(CAAS202003); ZHE AL E
B 3L 5§ (AHMO202007 5 AHMO202004)

EE®E T EARA83), F, THFEMA, AT, #+, TELNETERHEML, ENARIEAE
ANIA &N F % 7 'A%, E-mail: 203wanggen@163.com

http: //journal.sitp.ac.cn/hw INFRARED (MONTHLY)/VOL.42, NO.5, MAY 2021



40 . Ab

2021 £ 5 A

Key words: hyperspectral GIIRS; bias correction; "off-line" method; random forest; cloud detection

0 5%

B RS PUE—0 /e, B
fen MG L1 A 2 38 T A 5 CO, Ml HLO
JEREIX IR, CO, F1 H,O W s 32 4t i 3 B A
WA BB il p R AR . R Ak i R
1 38 3 2 I R 8 DGR S A . TR
TR R

FE T 2016 FFE R FH K= US A 2 (FY-
AN HEH ) GIIRS JZE bR g H7E# L TR -
BER A =T R R LLAME R . 1650 438 iE
T 700~2250 cm G XL, Horp, Hri
A 961 A, GIIRS HE M /35 25 2 I Hh Bk Y 75
JE R DA A SR Ay 1 A B A, TS
RPN A P A 2 S 00N, Ay DX R 4 Bk 4K
{H RS TR HE TR 4. moaigar
HMRIN SR R SR AL A B KRS ME R, JFF
6 IR UK VAR B AR R R R T
B L G LA S T . O S8R
] 3 B R e T L0 9 R AR/ K TR R I 4 At
THTRE . JUHAE £ KRR R 45 500 5 e 255 D) AH
KRR RSB, AR G BARE .,

A543 ) b 2 3 15 25 RO 1= 397 A 1) A
Mg AR BARZ R . P L REN S T £
PR GV 2 . FEAL TR R 5 1E1 T 50 R
M2 11 1E . A5 1T 1 J5 B9 I 22 05 12 & 0 40
A AR SR T3 R T S IR 25 s 0L I A
BLALl S 1 22 . T TR ORI I 22 0T
IE. AP BEIFRET & AR5, Eyre ]
RV SR TR G S R R 25 0T 1E 4 S
AR 22 9T 1IE Wi 4. Harris B A 2 A7 7
Eyre ] R W58 B9 FEAE 45 T 454 B s 09 44
M2ZITIE . UL EESRRh “BL” mEIT
I, B G R E B, —
MRS = A8 R, RS R NITIE
FEHF I 18 ) B BT AR 22 3T 1E . Dee D

INFRARED (MONTHLY)/VOL.42, NO.5, MAY 2021

P SR ARy (AR PR IR 21T IE K
S MR 22 3T 1E 19 &R B0 A 2148 43 [F 4k & B Ar
(EREEO Mz R, E/MEER SR, %
ZR ORI e s ) A e A 7 B R ) —
EEHAL .

Bz, HEiWZITIEEZEA “BL” M
CTELR” WIFR TR . BT T Bk AN gy S # A
2. BIE. [aE . 2T 58 515 AR
K BT RREWEE ., EomE. BE
AR a5 A s A I 25 0T IE L AR
T FREN BT IET DL R I T LA 2R
Gk, XBITIE AR s . Bk
2% FREY LR L, A, YinRY
4 NDO B FY—4A/GIIRS Wi 22 VL 47 75 1 5]
2.

HF RF YRR RN RS AR
X R, HIETREIEINGHEA, FitE
Al RE S 240 B AR N TR Z IR R . Ak
JBTHT RF 1Y GIRS w22 1TIE k. Rk
HY " kit TR, a8 TR A
T PR %) i 22 7T T 445 SR 1 B
1 X+ RF & GIIRS # 3% # # = i
#ZiT IE

B I T2 B kb 22 07 1E 43 1 48 RS i
ZITIEW AT B TS B9 4l O 22 2 i 12200
A TR TSR RS w2 . %R Rk
PEMRGSEEARNAE, BT AT w2507
1E, AT AT 22 0T 1 H Gk
TR AT . £XF Harris B A 28 AZES B W
ZEITIEHCR L ERNE “Bk” ik, AR
F RF U&7 # R TR FY-4A/GIIRS
P KRB SR w 25 VT IE R ik .

1.1 RF

Breiman L U748 Y RF #6802 3 T — ¢

FOW 4265 mUAM LN E S . RE B EA

http: //journal.sitp.ac.cn/hw



Fa2 Kk, HLSY

0 7 AT 2 R I R AR R A i R AL R T
LM, BABITERI T HEAIFMN
SRR I GRAE A TR U 2 FEAS . I =l
RUNGREE s ARG IR AEAS B 2k Il 2 A TSR
PR EMTA K RE; &5, KU R n % 52
Sy U E Sy 2ok mLF A AL 25 1Y FE RE
T GIIRS i /K P50 38 5 i A 25 1T IE I 3%
RIBEAS A0 71 5 IR I 22 5 T4 Y 7 19 FRE 4t 6
E
Rk S G A DS & ¢ g e e

ﬁﬁﬂﬁ%ﬂ*#%“*mﬁm”ﬁﬁﬁﬁﬁ
RISHS , RSO R g R AR R
B e 500 Fi 7, RE BLRYATPEA AR B
(EZVEUM A . PP R T . Bk
LR R AR R HUE . SR 5 R A i RE AR
T AT AR HE (Out-Of-Bag, OOB)iRZE#14
OOB 2Nk £, Ar ks,
1.2 B%&# RFIREITIE

Harris B A 6 A1) “B 47 et <A
P 25T 1E B i — i M 22 BRI X Gi=1,
BANEIE G IR E2ZE B

29"'377_17 n)

%:,LZU
a:ZAxﬁcj (D

%¢,§ﬁAﬁc T R FEAS AT B/
TR GITEGR, AP SRR
RF #H7Am 21T 1IE. RF FkEHAIET Py-
thon [y scikit F AR SEBLAY .
1.3 iRk EFiEE

MR 22T 1E Y 32 () 8 4 R 19 3
B, midk N A PR K ITE AT
I Z53 [) el P A T O A A0 S R A A T
K 5 5 R AT RS |, R R
AR BE 45 A2 e 1 AR o A G A AR S AR 5
AT W ZETTIE N 5 R IRUE SR
ﬁﬁl% T R A 3R ORI R[] T 41 D5 )

300 B LMl 25 0T IR AR 77 A — E S
$ﬁﬁdﬂ%ﬁﬁ&l¥”“ﬂﬁﬂ‘wxm§;1%1
() 11 3¢ JEL BE . 50 ~ 200 hPa I 300 ~ 1000 hPa

http: //journal.sitp.ac.cn/hw

. Hh 41
JEREEY
2 FY—4A/GIIRS # # % & s = 17T IF X
T il

2.1 HwHAXEHREIH

AR Tiros Ml 55 T B4R I 5 48 5 1%
(Radiative Transfer for Tirosn Operational Ver-
tical Sounder, RTTOV)# R 22 s #5540l FY—-4A/
GIIRS il » (AL 1 28 B0 SOy v [
SJ5 Kz S BHF A R EUE R R
BT BR R

A CHY T 5 5 BEORHR IR T NCEP 1y FNL
ToRL, H T oe iR R B it 5B, FY-
AA/GIIRS ORI T FH 2 TR S G 0 M
(http: /satellite. nsmc. org. cn) ,

B T A SCAL 3 A GIIRS 15 25 #1347 1 1 WL
ekl UL AGRI 9 4 km 43 B R 4 [0 &
Z A i (Cloud Mask, CLMD 47 GIIRS
=R, AR AT o R P, SR A B T R
CLM JULRL & GIIRS #3745, EARA[ 5% Yin R

Y %A Zhang Q %Y T AR
2.2 WFREES

T ge Tt R AR AR, R
22T IE R BRI T FEA B M B & . AR ST
i 22T 1IE Z i SE HEAT BB A0 B i s . 5
PNLLAMRI 4% 55 52 = B2, 7 Jo o 4 o) o
5Bk T GIIRS A =7 i . HE T 2
mr:

CORRAE W o 0 2RAT — 38 18 5 i i 22
H 48 T B IR (B (— 20~ 20 KO Bl 2% 3 18 19 W8 ) /
B SE IR T 45 1Y B (150~350 KO, 1l
SR8 8 P AL O TR

()Y 22 K 30 . T SR WL 37 i v B 3 3 1Y
S0 il O 22 R T 12008 T8 2 i 22 1 3 A% AR 1 22
WU 59 I 32 A 3 53X — 3l TE R B
2.3 mENEREXEEE

ASCHFE I 1] B S 2019 4F 8 H 8 H 20
2 2019 4F 8 H 10 H 11 iF, o FY-4A 4
Fiik TR, B ] B r Bodls S o At

INFRARED (MONTHLY)/VOL.42, NO.5, MAY 2021



42 a b

2021 £ 5 A

(30 min 27 55— U0 » [FIE Al IR A S s
FARLCP MG 5T . B 1(b) fifw Sk 2019 4F
8H 9 H 12m#EE N “Fl& 5" (Lekima,
[ bR 4 5 1909) (1) GIIRS % R} i %5 X 43 i
&l 1(a)J} AGRI ff§ CLM /A&, o, 0, 1,
23RN s, ATBE . W] AE G 25 A I
2%, B 1(b) &% CLM JEfit & GIIRS #3751
AL, Hd 0 A4axt s A Mg . %N
Yy w9 B2 OB T AR SCh R GIIRS g 22 17 1F
5%

Kl 2 fron sk M “BLe” # RE ITIEJ5 v
FIJE GIIRS 959, 963, 1024 H1 1347 18 i il 5
T i 22 A 58 %5 BE oK o> A, b, Random
forest-4 Frn FEF R FEAK & . B0 R IR
Ji# . 50~200 hPa 1 300~ 1000 hPa J5& & pg 4>
T N+ H R A RF 15 2] /9 0 22 17 1F 25
Random forest-6 £ 7~ ZE Random forest-4 U 4~
Tt R ) L 5 | A i 8 B R A AR R
T 22 3T 16D

2 AT, &l 22 1T IE S, ot
GIIRS A 4 A>380 38 52 I A 22 00 48k 58 25 i 42
VT 0, e 2 % A4 Ji DA 8 $0r 43 A o il 2 28 43 el Ak
EAMIER, 5 “BWL” ML, RE &
MITIERCR AL, JeH G A G A AE R
J5. XARES RF BN 2w 5 A2
LML RA K,

2.4 RFEFERTEMNEEEDT

INFRARED (MONTHLY)/VOL.42, NO.5, MAY 2021

Bl 3 R i AN ) B4 IR 7 D R 48 8 (il
S “lon™) FLERE (Bricky “lat”) {5 B R 2217
1E RF [ (5 B0 A . B XA ST
BB R BT R, o, BT R KA
RS 9 M 2206 BE . 50 ~ 200 hPa H1 300~ 1000
hPa B FKm AT 1. 2, 3 F1 4,

B 3 Hnl LLUE . 20 B RN 2 B A Bkt
RE [m] Y455 21 (14 TTHR AR AR (BN 2D . s,
T ¥ 50~200 hPa fi9J5 8 X e 24l 2517 1E
S mb R K,

3 EREERZ

FEAS Sy TRk TR PRk 38 3 A7 R O 25 7
WA A RS, HEEAXIFRT FY-
AA/GIIRS Hijk 38 18 52 A 22 1T IE oY, I 3
T Harris BA S AR H M “BL” hERT
RFE 22T iE k. mas R W, fadm2iT
IEJE 1 GIIRS 5 it 22 3 A2 v 3 20 A 1 e
5 B4 A, RE 30937 1F &0 5 5 47,
JEHEGI AR MGG R G . A EXT
i B E N H L A — S H R
X WBAE—ERE LR R TLE 1 i
ZEITIERL B8 T 3,

AL R Z A 2R Al > . LUE
Ha R I GIIRS Hv i 2 i 7] A6 250 (1 R A3 A5 =X
R J 5 XRS5 B 7K S5 A OC 1Y T AR AT 5% Ik
— R SO B R 22T T ISRk

116°E 140°E 154°E

(b)

http: //journal.sitp.ac.cn/hw



942 %, 55 a A 43
GIIRS Ch:959 GIIRS Ch:963
0.35 0.35
—— Before BC Before BC
030f Off-line 030t  emee- Off-line
Random forest-4 - Random forest-4
0.25 Random forest-6 -=:= Random forest-6
= 0.20} o
2 2
0.15F
0.10F
0.05F
U 8 10
035 GIIRS Ch:1024 025 GIIRS Ch:1347
Before BC Before BC
o3 0 === Off-line === Off-line
R Random forest-4 0.20 - Random forest-4
Random forest-6 -- Random forest-6
0.25
. 020 . 0.15
2 2
0.15 010
0.10
0.05
0.05
O "
QS 8 -10 -8 8
O-B/K O-B/K
Kl 2 @i GITRS 38 38 5 I i 22 1T 1E Fi S iR 85 8 43 A
BEBLARBR ] AR5
0.35
==EF- FiRF 16
030 | =ty THAR I 14 |
# 025 | -
i u~\
] e
] e
A 020 f "‘g\ -
\
\\\ B
\ R
0.15 | N - -
S -
AN P
N P . ¢
. -
-
0.10 1 1 1 1
lon lat SR A2 Hr3 H1-4
BE LR N AL &

3 RE [IJARERS GIIRS i 22 1T 1E A9 AN [ P 522 o ) o BP0 A

2% Uk

[1] Wang G, Zhang J. Generalised variational assimi-
lation of cloud-affected brightness temperature u-

sing simulated hyper-spectral atmospheric infrared

http: //journal.sitp.ac.cn/hw

sounder data [ J]. Adwvances in Space Research ,
2014, 54(1). 49-58.

[2] Yang J, Zhang Z, Wei C, et al. Introducing the
new generation of Chinese geostationary weather

satellites, FengYun 4 [J]. Bulletinof the Ameri-

INFRARED (MONTHLY)/VOL.42, NO.5, MAY 2021



44 . Ab

2021 £ 5 A

can Meteorological Society, 2017,98(8) ;. 1637—
1658.

(3] BliRG, SKRIEEE . PRIEVE, 55 NS R TR
JAGAEE B o AT 3 [ BFES R FR,
2017, 37(2) . 1-12.

(4] FH. DERBT XENH . XSRZRHEEY
BEREOBENIEEEZA—FI£iE [M].
Jemt: AR MR, 2020.

(5] M, sk, . &l KA L5 2%
AIRS %R} 75 i 0F 5% i J& ()], #b Bk Rl 3 3
B, 2017, 32(2). 139-150.

[6] Eyre ] R. A bias correction scheme for simulated
TOVS brightness temperatures [ R]. ECMWF
Research Dept Technical Memorandum, 1992.

[7] Harris B A, Kelly G. A satellite radiance bias cor-
rection scheme for data assimilation [ J]. Quarter-
ly Jowrnal of the Royal Meteorological Society ,
2001, 127. 1453—1468.

[8] Dee D P. Variational bias correction of radiance
data in the ECMWF system [ C]. Reading: Pro-
ceedings of the ECMWF Workshop on Assimila-
tion of High Spectral Resolution Sounders in
NWP, 2004.

[9] Auligne T, McNally A P, Dee D P. Adaptive bias
correction for satellite data in a numerical weather
prediction system [ J]. Quarterly Journal of the
Royal Meteorological Society, 2007, 133. 631—
642.

[10] Watts P D, McNally A P. Identification and cor-
rection of radiative transfer modeling errors for at-
mospheric sounders: AIRS and AMSU-A [ C].
Reading: Proceedings of the ECMWF Workshop
on Assimilation of High Spectral Resolution
Sounders in NWP, 2004.

[11] Elana J F, Seung J B, Brianr H, et al. Observa-
tion bias correction with an ensemble Kalman filter
[J]. Tellus. 2009, 61(2): 210-226.

[12] EE=, 2N, sk4E. W T E M FZEITIES)
T H A GRAPES-3Dvar (1 )37 #9158 [J].
K&, 2015, 41(7) . 863-871.

[13] Han W, Bormann N. Constrained adaptive bias
correction for satellite radiances assimilation in the
ECMWF 4D-Var [ R]. ECMWF Research Dept
Technical Memorandum, 2016.

[14] Jason A O, Roland P, Amos S L. Nonlinear Bias

INFRARED (MONTHLY)/VOL.42, NO.5, MAY 2021

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Correction for Satellite Data Assimilation Using
Taylor Series Polynomials [ J]. Monthly Weather
Review, 2018, 146 263—-285.

Jin ] B, Lin H X, Segers A, et al. Machine learn-
ing for observation bias correction with application
to dust storm data assimilation [ J]. Atmospheric
Chemistry and Physics, 2019, 19 10009—-10026.
Yin RY, Han W, Gao Z Q, et al. The evaluation
of FY4A's Geostationary Interferometric Infrared
Sounder (GIIRS) longwave temperature sounding
channels using the GRAPES global 4D-Var []].
Quarterly Jowrnal of the Royal Meteorological
Society, 2020, 146(728) . 1459—-1476.

Breiman L. Random forests [ J]. Machine Learn-
ing, 2001, 45(1); 5-32.

Wang G, Han W, Lu S. Precipitation retrieval by
the L1-norm regularization: typhoon Hagibis case
LJ]. Quarterly Jowrnal of the Royal Meteoro-
logical Society, 2021, 147(735); 773-785.
TR, FIEM, R, & REITIEX Ik
TR SR ACHRL R AL TE 5 KU ) ek R
W [J]. RESKRE|R, 2019, 35(4): 539-
595,

Lee Y J, Dachyeon H, Ahn M H, et al. Retrieval
of Total Precipitable Water from Himawari—8
AHI Data: A Comparison of Random Forest, Ex-
treme Gradient Boosting, and Deep Neural Net-
work [ J]. Remote Sensing ,» 2019, 11(15); 1741.
EAR L B, X, 55 FY-3BZLAMrtit s
TR U0 AR UL 22 1T TE i w20 F 5T LD, 4D 4h,
2014, 35(1) . 18-23.

Saunders R, Hocking J, Turner E, et al. An up-
date on the RTTOV f{ast radiative transfer model
(currently at version 12) [J]. Geoscientific Model
Development, 2018, 11 2717—-2737.

Min M, Wu C Q, Li C, et al. Developing the sci-
ence product algorithm testbed for Chinese next-
generation geostationary meteorological satellites:
Fengyun—4 series [J1. Journal of Meteorological
Research , 2017, 31(4). 708-719.

Zhang Q. YuY, Zhang W M, et al. Cloud Detec-
tion from FY-4A's Geostationary Interferometric
Infrared Sounder Using Machine Learning Ap-
proaches [ J]. Remote Sensing ., 2019, 11(24) .
3035.

http: //journal.sitp.ac.cn/hw



