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Method of Winter Precipitation Type Prediction in the Middle Reaches
of the Yangtze River Based on CatBoost Algorithm
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Abstract; Based on the surface observation and ERAS5 hourly reanalysis data from 2000 to 2014, 43 factors
were selected to characterize the temperature, humidity and microphysical characteristics of four types of
precipitation phases (rain, snow, sleet, freezing rain). The objective forecast method of precipitation type
in the middle reaches of Yangtze River is studied by using CatBoost algorithm and the fine terrain height
pre-processing. The results show that this method has good classification and forecast effect for rain, snow
and freezing rain. The accuracy and spatial fineness of precipitation type discrimination can be improved by
using the fine terrain height pre-processing. Compared with the ECMWF prediction, the prediction accura-
cy of rain, snow and freezing rain has increased by 9. 9%, 39.1% and 11. 1% respectively, but the im-
provement of sleet was not obvious.

Key words: precipitation phase, CatBoost algorithm, unbalanced data processing

* EZKHE PR IRI(2018YFE0196000) o [ R4 Jm K% Bk L 55 56 4 AR & e £ 0 [ YBGIXM (2020) 3A-08 ], 1 [ R, 42 Ja) T i A % 30
(CMAYBY2019-072) Al At & R 4 )= S IR (2019Z01) : [7] 9% B
2021 4E 10 H 13 HULH; 2022 4F 4 A 13 BB E R
S — A E I, 32 A e ) R SR e B I ST AR Al 55 5T . E-mail : 52862776 @ qq. com



A

1154

% 548 %

51 5

VT30 S5 b Acb v 5 3 MY 4% R PR K AR AS B
24 R RREK, BTN H LS AW E
AN (8 B K AR S S FEXE 2 A= 7= I 3 11 5% i A,
AL 0 2008 AR kA A v R I AIGIR F 25 UK
JE R S 2SO GE RS2 A, 5 ik
TG Z B ER W, U HRE K. BEKAHE A BiR—
LR R VL R A 2 R K T AR 1 M A AR 2 2 R AT
TREFGE . KT NS E N AR 2 05T £ Xt
T BT )2 & R s AR 2 R 64T T R R Se v 4y
Br M RN 52 35 (2014) £ 2012 4F 11 f 3—4 HA4E
i [X 4 7 R 25 2 4 3k R vl 3R P e T A R AE 43 A
g .24 850~1000 hPa Ay J& B 22 <1300 gpm.,
H. 700~850 hPa [ J§ FF 22 <1530 gpm I, i [f] #Y
R /K AR AR S R DL sl R e 55 O L ez I DU oy
Fo FRHRIEAE (2013) 3 2k XF T 10 AF db 50 Hh X R 2
il 43 BT 48 8] T 850 hPa i JiE, 925 hPa i
B . 1000 hPa J& BE .1 000~ 700 hPa J& B . 1000~
850 hPa J& J& 1 M 1 R I2 2 1 (2 m & .2 m A X
MR 45 G i) 5 e T F =R KA A Y 6
Z . BERURIKEE(2012) % B IR R B T4
T AR AR KA S U e . R DU A i 24
(2021) | 75 45 (2012) K T W6 45 (2016) 45 B Y 5%
(2015a32015b) \¥F 5B A 25 (2006) H& F 4N 43 A » 45
HE T I RE S RE A U AR A

I3 AN A — o 3 1o T UL T A 5T S
R K AR 25 TR Dai (2008) 38 32 30 4F 4 b 1 W ) 7
ST T RS A R 5 i T AR AN AU A9 96 & L Bourgouin
(20000 I\ 7 B 7K HH 25 19 48 Ak 5 3 B )5 1) b 8 T RIE
F 0 C B 3¢, BB R 38 B il Ak S 50 & T
R /K AR PO B0 . A OBLEE (2019) 3 3 % 3 [ s At
AR SR T TS B B S A A REAE A BT 5L AR BRI
JE A R P S 2 % I B R S R AT TR
AT

VT AR SR ML 27 ) S AR R G U V2 N S R
SCNI4E (2020 % BRI DNN 350 (L 4R /i L 55 L /i 3
TR ECMWE Wi A 1 8o s. Ee%
(2013) % F ) £ T 2 [ 51 32 0 A 1 i 28 I 265 1)
TR PEAT X b 5 N T 28 N 4 0k AR T 4k
PE S ) B 38 R B o AR A AL Y
TR AR . A B A (2021) 43 B 3 T XGBoost,
SVM.DNN = HL#§ 2 2 ik #8577 R OK S

1R 4 R ALY 3 o % HE 4 H XGBoost
DNN #RAR 4f 4t 52 B R /K AH 28 09 40 28, 88 3 SC 5%
(2021) o FHR BE 2 >0 I 28 2 AR s TR L 35 ) THUBE
M5 R ECMWE TR 5 825 520

25 LTIk . [ N AME 2 ] B 5 KRR 2 0 H 8 L AN
A N T T 3 2 6 O B 3k S I i R X i B
JEE 1 A L0 A B 43 BT DAL B R KR A A e e B
MR R IR B B 3 B 6 TEUE SR T & L B AR N
RERE NS REEER AT (Frick and Wernli,
2012) .,

ok Yk FE A1 5 AH IR BE B T BB 52 W 9 KR 7 il fb
RR AR S35 0 B 3k b 1E 1 B K A 2 (Kain
et al,2000;Stewart et al,2015), UG W97 7 BH &
R K AR SN [R) 1) G SEAE T 2 b B S BILT A S =
6T P b B p & AR 1R AR Ak (BERR AR 55, 2013) , sk &
= BRAL R .

DRI B3 7K AH 285 1 LR 75 25 1 2% I B2 L 1 8 R
Y IEL R . HETE LB Bk 55 b 2B, K
VLT U R KA 250K 4 Ak 1T i 3 A T M A —
SEHLIE 2 A% o KK A 250K 20 1k b o5 100 4R B R A 4t
S5 o U JRE ) R 9 A 25 0T A KON A AR 5 e 4
Ko AR S km 43 238 0 1T X I 25 5850808 547
TAL B K B KRS 3 A D2 (L5 V6 55 R FRD
PEATEEBL (VT 1E J5 0 M T I R 328 /N B A 7
1 H CatBoost (5% £7- #% &5, 2020) 5k 17 T 4l » 42
AL Ty o 5 UK 20 1A% e I K RH 2 2 L T4

1 BORMAT %

L1 & #

Fr B R 45 20002014 A4 F (11 H B
42 ADTEE R 27°~36°N,108°~ 118°E 1) Hb g M
W3 2 /N Y 2 m S (T ) KRS L i 28
Bt LA K b D O8I0 s B AE = B s ECMWE ERAS i
AHEEERCLLF i Bk ERAS) 424E 1 000,975,950,
925.900,875.850.,825.800,775,750,700,650,600,
550,500,400, 300,200 hPa & B ( Tio00 « Tors « Toso
Toss v Tooo s Tsrs s Tsson Tsos s Tsoos Trrs Toson Troos
Ts0 + Teoo ~ Tsso~ Tsoo ~ Tioo ~ Tao0 ~ Ta00) « LI == VK I
KRG, I8 5] 700 hPa L F R F 0CHY
EECLLFRFREZZEO A/NT 0CHZEE (LR
AR 2280 . ERAS By a5 ] 43 B R A 0. 257 X
0. 25 WA 43 HER A 1 h, 43 M i 1) s BE 25 A



&7

T A - 3T CatBoost 515 B VL H i 4 Z= B K A 25 B 5 ik T 5 1155

RAEIE R ERAS 32 /)N i X305 4 (5 21 b 3 7 B i
3l Rl B - 5 LI A R AR 25 R A I 1] DEE

1.2 CatBoost &%

FEIK A A B I WA 2 ) AR B A 5 R
V2 WL BE VR ) TE B — B R SRR T i A A
DL W AS [R) R RS R iR KA . PR AR SR
R B B — RN S S et ) O
ot P SE AR U 45 A 22 2] B E T S R AT R A
M AR AT B B A2 S 25 AT 1 22 S OR . ke
BLA 3% 3 O Bagging Fl Boosting, % T Bagging
BRI Iy 22 8/ o AB Al 25 5K . Boosting A] D) AR
R g 22 Bl L R AR SR — R I o 2K s . A0
Fm R MREA S A BB AN | — 5 i S 45 /A L,
X 5L 2 AR 00 T 1 R B k. & F Boosting £
B B ¥E F %A AdaBoost, GBDT, XGBoost,
LightGBM, CatBoost £ £, CatBoost & 3& T #
FEFR T PR (GBDT) (RIBAF , 2018) 9 HL #% 2
7% HF HoAth Boosting B 1k B 0 & T 75 A 2 /)
AR RS B R AE , RR KA S TR T 4R
BANERRR R AR xR TS
& BRFAE o] DAA) AR AE 2 (B A BE R W K 3 & R AE
HI4E)E . CatBoost il & % il 55 5 43 A 1 11 J7 =00
A W T AR ES B 6T TS A A B s e T
SIS D B FRAIE S 216 36 T A S A R T R e 1Y
Wb, A% B8 Boosting 5 ¥k 1 5 1Y 52 °F 4 8. T
CatBoost 753X J7 1 fik 7 L4k » % J oblivious #4 (43¢
FRREE 20200 1 32 2] 48 L oblivious B Hf & 4~ i
T AR T 4 G B o K S TR B A A A
Rt KRR SUE A Oy R fe T H EE E

EEgibl a1
1.3 WBHEHEE

AR SO B K AR5 R0 23 9 U2 - T S VIR LR
TR o 0 0 — 288 [ 7RORH 2 6 L v 3R TR I R 2 4l
SV B DR P  E (S =gt RS B
IEA 320 NA ;20000 S =5 | 10 4 b 2 A AR 2 1 9
BEEDR I8 NCs TR N S WL o H A AH 25
HPB R 0O NB. AT B — RS K5 2
ﬁﬂn‘l:i

TS NA

~ NA + NB + NC
. NC

PO = SA+Ne
NB

NA + NB

X 100%

X 100%

FAR = X 100 %

A TS R HE — KBRS B HEH . PO 5 —
KK MBI IR IR FAR g3 — B K M A 1 25
&

2 ETRAREZRGIHE

B b T O Y T AR RS O R
%4y F VU KA W ERAS 1 1000~700 hPa i
FE.850 hPa LA = vKIR & Ll = KR &ty B #)
FH ERAS & J2 15 FE G110 ¥ 2 )2 1 )2 BU1E Ry B /K
AE A 0 90 0 R AIE o 42 TS A 3l 0V AR B DL
BAEAEGE T, DL DR 508 0 S0 A e] Ik

TR g ERAS ZER MR E . B el L R
25 500.700.850.925 hPa [y iR B 5 ERAS Ml )2k
XL la~1d 43 312k 20002014 4F K VT H i 4
2V VE RS R I A S 6 R 500,700,850,
925 hPa By 3B R 25 IR E A1 ERAS A [R] 2 Wl & .
FTULE R L3S R e 25 S0 0 W Y £ B8 5 ERAS
UL P K i A A S AR — 34, TR A9 850 hPa il 925 hPa
TLEE 5 50 %0 v ¥ F 0°C L 35 1 45 2 R G
T 0°C, fH I VR R S 350 X000 %) 4% J2 T BE 55 50 Y0 43k
Ft ERAS ik 1~2°C., XFEe & B, B 7 % mOUL I 5
ERAS W& A5 1 2= 41, Ho Al JLFPAH & R 2 R/, i F
ERAS #3812 R K 43 98 58 DL LB 8] 43 H 48 0
K2 AT A ERAS 8t 5 B K 35 3% 3 h
F14) L T ORS00 5l — — %o 1 S A KR S B 4

2.1 BESEBEREKESHSEITHE

Kl 2a 2y 2000—2014 AR REK AR T, . 94
LR R 2 AR 2B 25 Y60 o 6 RNER 75 %6 A v, AT
DLW 75% L ERERAEAR T, >4 C, EFHA
T, n<<0.6C HEMWEERT, ,<<—0.2C,HTFRHR
T, W<<2CL, A0, R MEN T, — & M2
SRR A 38 X R R T RN R AE 250 ~T75%
FEARE) T, o0 A A — 30, B 2b B RME
(1 925 hPa & FEFE 2 B, 75 20 LA L BE TR FEAR Tos
>0 C, T 75% L ER M S H W AEAN Tos
TE—7~0'C, 38 X B K, Jo i 0 2 B 43 25 fH
YA R AR )2 R B L e A — e, A
2¢ 2N 775 hPa YR EEFE LR 18, 75 %6 L) b i W FR A TR
FEA Tors =>0°C LM 75 % DL b (B S5 R0 W e 55 B AR
Tys<<0C, 14 1000~700 hPa & 25 F& /KA 2
(56 50 26 4307 R FEAEL, AT LUE AR )2 8 B AR 3 X
A R H 2 M 875 hPa FF U » 35 9 T B AR Sk 4



1156 A % 948 %
(a) (b)
500 hPa 700 hPa 850 hPa 925 hPa 500 hPa 700 hPa_, . 850 hPa 925 hPa
. 151 - . s . 20! . : ] . ] 4 .
=5 -10 20 0.0 5
10 15 :
R I ] s s -2.5 0
—10 5 M -
S 10 -5.0 -2
9] 0 ©_ - I
& -15( [| H U4l s 520 10 -17.5 —4
=5 0 . -6
0 -25 <215 —10.0
-20 _ o . -3
10 -5 p . —-12.5|
- —30 _ : —10
25 . -15 T . 20 . . -15.0] - .
ERAS Wil ERAS #Ml  ERAS Hill  ERAS 3l ERAS #M  ERAS Wil ERAS Wl ERAS il L i
el
(c) (d) By
500 hPa 700 hPa 850 hPa 925 hPa 500 hPa 700 hPa 850 hPa 925 hPa Ty
7.5 5 s 0 1 2 -1
2. -10 )
-10.0 0 -
0.0 5 —12 0
-12.5 -1 0 3
-2.5 5 -14 5
-15.0 B _
O L] 5.0 | —4 5 016 ) 4
_-17.5 218 —4 -5
-7.5 6 —4 —4
-20.0 - -20 _ -6
~10.0 -5 » ) 6
-22.5 : - B a -7
- . -8 6 _
Col-12.5] o 8
-25.01 - . -7 -8 N
ERAS Sl ERAS #M  ERAS Wil ERAS Ml ERAS ®M  ERAS Wil ERAS ¥ ERAS %l

Bl 1 2000—2014 4 A FEKMZE (W, (D, (OMEE, (DFHEW &S WS
ERAS5 %4 19 500.700.850,925 hPa i B #i £k
Fig. 1 Boxplots of temperature at 500, 700, 850, 925 hPa between observation and
ERA5 data for (a) rain, (b) snow, (c¢) sleet, (d) freezing rain during 2000—2014
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Table 2 The verification results of precipitation
type identified by CatBoost algorithm
during 2015—2019
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Fig.5 The forecast precipitation types with (a, ¢) 18 h and (b, d) 24 h
leadtimes starting from 08:00 BT 8 January 2020 by
(a, b) CatBoost algorithm, (¢, d) ECMWF and the observation

(colored: forecast, symbol: observation)
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Table 3 Precipitation types identified by
CatBoost algorithm and ECMWF
during 6—10 January 2020
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