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Abstract Refined and objective prediction of precipitation type and its transition time in winter is of great practical significance for
improving the quality of forecast service. This paper establishes a high-resolution precipitation type prediction model based on
temperature and weather phenomena data collected at 174 national automatic weather stations for the period 1955—2019 in Beijing-
Tianjin-Hebei and the high-resolution forecast products of rapid update multi-scale analysis and forecast system-integrated subsystem
(RMAPS-IN) using three machine learning methods, i.e., the XGBboost, the support vector machine (SVM) and the depth neural
network (DNN) prediction models. Firstly, differences in spatial distribution between various precipitation types and corresponding
climatologically mean probabilities of air temperature and wet bulb temperature at 174 national stations in Beijing-Tianjin-Hebei
region are statistically analyzed. The fine integrated products provided by RMAPS-IN, i.e., 2 m air temperature, dew point
temperature, relative humidity, snowline height, the ratio of frozen precipitation to total precipitation in the near surface atmosphere
for different precipitation types, and the analysis fields of three-dimensional meteorological elements such as temperature and wet
bulb temperature are analyzed. The observational weather phenomena, climatological characteristics of precipitation type over
complex terrain and high-resolution model output products are taken as feature vectors. The classification model of precipitation type
is then established based on the XGBboost, SVM and DNN, and the prediction effects of three machine learning algorithms on rain,
sleet and snow are compared and evaluated. The results show that: (1) the accuracy of the three machine learning methods for rain,
sleet and snow prediction can be significantly improved by adding climatological features of precipitation type over complex terrain
to the feature parameters; (2) the prediction ability of the three machine learning methods for rain and snow is better than that for
sleet; (3) the XGBboost and DNN have the same prediction ability, which are obviously better than SVM.

Key words Precipitation phase, Objective forecast, Numerical model, Climate statistics, Machine learning method

W OB AT S B A i I R AN Ak 5 00 TR T 3R R SG TIAR AN IR 55 T B LA T S R o R R B e X
TR Bl G0 I 5 Ak B I A% Ak o T A AR ™ R A T T s R A X 4 iﬂﬁﬂT%*f&ﬂ(*ﬁﬁ( JE R 3K L
S S A R 1 53 A 25 57 KA [ 68 2R AR 2 B 19X b R B A A B i o T R S I R KRR S L T B R AR AR B o SRS b T
MRS E G B A M T T B KR 25 A5 A AE R 5 43 F R U s )7 b VR D R AE 1] 5, 40 0] 66 T 2 48 T (XGBoost) . £

* IS E R EAATTRITE (2018YFF0300102) , E5 A SRBl2ET F 3L 4T H (41805034, 41705091) .
TEF TN A8, EENFZIRGRREE 2 S50 5. E-mail: lyang@ium.cn


https://doi.org/10.11676/qxxb2021.059

o BRSE. RET SRMHLER A 0 U ik B KR 25 R 0 MR S TR B ) 4 i B X L A3 AT 1023

FE1 B AL(SVM) | TR 22 9 25 (DNIN) 3 FhHIL#%2% 2) 5 B 5L T WK AR 25 19 85 20 BR300 2R 20, JF X )RR 25 16 F 3 AL %
ST L TSRS AL 3 Bl U HE R B R KR A B BUR R BEAT T X LA, HE— 2P PR T TR e AR IR K AR A B % L4y

e IE &2

KPR BKMZ, TR, FEE, R, PSSk

FEESES  P456 P458.1

1 5 5

R 7K 2 b 3R 7K A7 A 1 i 0 0 B S B ER T 2
— (Zhang, 2005), & Z[F K FEALFEWN | 5.
W T | VR PRI AF (253 455, 2013), ANFIAHZS
I14) R K Xt i Hb 2 T 4 5 N BE B 2R I R I BR
(Wu, et al, 2009) , A [ (% B 7K 5 A 5] (4 A5 24 BF 7
A B R A AR B 25 S (PhHESE, 20145 TR 4 5F,
2005)

i 5 30T AT SF b 3k T Ak 2 R A S I PR, R
T T RS AR 3t A5 O A I 55 PR F 2R i, AR IR
T RN e TR S R IR A L
FNBRA = TR B K faE . B R AR 55 0
b B, S R KR A TR O Tl U R 2 R Bk
T332 7717 2 ™ B 19 A RIS i (PR A 55, 2003), 55
Hh, 2022 4AFE 5 24 Jim A ZE BRI b3 iz 3l 2 e L o
R O 28 I, & WG 062K ™ T, JUH:
RN A A TR | TR R R KM S TR R 55 A
AW M55 A B H 53 (Chen, et al, 2018) .
DAL I, A 2% 2 3 AR 2 B L2 74 s i) 1 0 4t Ak
2, W5 5t B b X A% 2 F KRR S TR O vk, T T
J 38 T B RS M XA R KRR 2 v A R S 0l 4 2
TR T, X TR R W R 55 L R
B KRG Bl L B KR S A B

Ref 7K A 25 T AL A A5 3 /<3 A ) 2
T RS T T . — T T, B3k M 3R A R K 28
RUAR KRR FE b B T ARy 2 BB, 1T R <A 2
LT E R R R S R 2R R N RS 2 A
Ao RATE B IRE —DRUNY A & 2 8o %
[6f 30 o 7Kk 26 AU 4 A% 4k (Sankaré, et al, 2016) o ij X
I B K B B AL X B — A BB A A {5 B ED Rl Ak
JZ (T,>0°C) #7 X} F 3 1 /= J& 19 4 & (Stewart, et
al, 2015) o 53— J7 I, 3 J8 R 7K A 28 A [A] 9 G B AE
F = o R AL DL T AR V5 i R b & A A
b, BT BV kB P s R B Y O A
R4 M. BRGFEIF 2 E R0 TR
(Thériault, et al, 2010) .

bR b R BOE BT R T 18 2 % B K A
ARG A0 A0 TR 1) S A BRAA A R K AR A 1 43 25 T
AL T F R, i — 28222 (Bourgouin,
2000; Shafer, 2010, 2015 ) i 1= $2 BORE 2 5 4 7= o
T B R B e v O RRAE &, R RS L PSR R R
Gt 2E T B S R IE i SRR AR R OC R, L
W HLRW. IR X 4y A —222 5 (Ramer,
1993; Schuur, et al, 2012; Elmore, et al, 2015) i
IR ECHE R R IR KR T B S OK B,
TR PRI X 3. S3ah, —86%235 (Thompson,
et al, 2004, 2008; Ikeda, et al, 2013 ) if i B 4 =X
O B O 52, TR S A 2= G 3 52 T i
KGR, oK, WK, vKdh . & BAKIRE
TR IR A L PR ) B AR S 12 i X
FEK AR

2 DA TR 5 T T R T R TAE, &
B T A A B H AR Ak B A SE A9 (Bt
KFHAE, 20115 X RIS, 2012), AS[a] H X RN 65 5 TR
5B Yo 1 2 0 U B TR ) I 5 (2R 4, 20095 0
KA, 2013; A5, 2013; HAUD7 SR, 2015) . 0
R R A (2012) 38 35 X [ 2R A R K AR A Y
WFFE, A Sk B 1 287 0 2 X W RS 1Y) X Ay B4, 2
FUTR Je 55 7R AR )Z 9 RSB RS RARLL . TR HRIE
25 (2013) 78 FE 37 b 5T M X 4% Z Fe K AR 250 348 A
BF, B TR AN [R) g B )2 L B4 I B RN A 345 A Sk )
P, AT T 2 m AR AU X, A A5 X
VEZ WS ™ dhfe it 7 2 KA . HE A 5 (2014)
I B A 2 Y 2= S B By o 2, R AR e X
14 ZE KA AT T RS . #4255 (2013)
TE LR K 2 A B R R AR TG 6 h LT 2 m AT L B
ST BEAE R T DR 7, 6 A TR] S5 T 2 1 [l 39
N T A 25 IO 4% 30k o ok 7 28 1) T 50 R 1R AT T R
FEAEE o BROLEE (2019) 3 2001—2003 4F b 1 S
DU R 23 B Rk, X b i AR A7 T 0—2C [
B | 25 43 A B O 55 8 TR 1) 3 B IR R R AT T A
58, GIA T YA A 50 7 % 1k SR 255 I
17 7 HB 53 B o X BEAF 5T 25 SR W1 . IR BE R BR VR



1024

FE R TR BLEELR . MbTE 2 m AR R SRR A X
B, BE A 2= S B 7 o AR T b T
TS ) 2 W2 W B AR i 48 s 1 o

Xof T B Ml X KR 3 B R 4 R A K
W43 PR AR, Yang 4% (2021) (LLF & #K Y20)
FEF b ARG Ja b T R O PR A TR R 4
(CMA-BJ) (Jst A b DX 3 PR s o 53 4 2 30 {E T 4T R
4t, RMAPS-ST) fiidk 1935 . Wi, K. B FFKIR A
BRI Vi A T 45 5 D 38 B R 2 RUBE 43 T AN T
ARG E T &5 (RMAPS-IN) 23 1 1 FUHR 19 =5
O3 P FRNT BRI B AR | T4 AR I b v L T
E, JF R T R KA 2512 W 72 i d A0 8 04 BF 92 40
Br, B TR AK S 28 B Wi ik, R b3 25 5
HEE A 23 HE R 1 km, B E] 2 #E 3 10 min
f) 35 28 1o B B B K AR 2S B 85 40 B SR8 W 4 B I
0—12 h Fii4fe . 2 LA 50 45 S R WX S IL e 0 e dr
2 Wi & FR K A, JU R M, HEffh R 8
1t 90%, F I 3 10 HERR R AN AR (41%) .

S 17 T RVRIE 2 v, S0 A A S AR e 2
BT IS kX RN S A A e B B, 850 I
925 hPa i FEXT T . &5 . "I AR 5 B A IH i
F& s ME (B 35 45, 2015) , M <R A A 7E 0°C
BRFIIT, A b 2 3 2 B M T SR AE 0°C DL HIT R
RS S L (FE 445, 2013) . A4k, sUHIE X
B 52 2%, MBS B SRR AIE 22 5 X7 b T A 6 S B L b
TE 36 T+ A5 09 52 M 23 33F — 25 18 AN [R]6 3k = BT T
T 2 AR A K R (A Y 40 38 22 5+ (Rajagopal, et
al, 2016) . BT 22 A 24 A5 B AT 2
DA K e A 4 48 5 | A 199 32 7 25 250 R O 000 248 8 ) 28
] 6 2 Y20 2 W33 vk rh K 28 R I2 1Y o 2
K Z—, 34, 12 W B8k v ot S 3 ] P 3 BT il
FH IR — BB 2 45 B K B2 Wil ok — e 11 2%

Shy I — A 1 v A 7 [ AKORH 2 R O T4 1) o
K AE Y20 Bl L, 7850 F H RMAPS-IN R4k
) 1 3 R R B ORGP | VR BRI AR L
1B G bU A5 I A A PR3 B RS 240 4 1™ i (Haiden, et
al, 2011), 454 H sh Gk W g ok, ik — 438 5
HLERF ) 7 vk F . IR PG 1 5 3 b X K A
IS IR IE 5= R7 8

SCHR R S R R M X K R G L
TRk S I s Ak TR B RS AE A B et i T
TS X G 2R MR T A% 28 R AKORE 2 IR R RN I BR

Acta Meteorologica Sinica K54  2021,79(6)

Tk 35 7 X5 SAGEARE SR 1Y) 43 A 22 S L AN TR) B K R S B
RMAPS-IN £ {5t () (o 5 £k B 3 5 357 0 40 48 1l ™
w7 AN T R M A KRR A5 T T A SRR AE AR S, L9 b
T2 m A B TEE  MIXHBE . SLEE . b
T KA R 2 o I K TR B B TE T 6 A K
B K VIR A E R ) B B DA R AR RN BRI B = 4
REBREWD S E . SR 5K H i U8 % < B
SRR, A HIE T B K AR SRR AE I = oy B R
A 7V AR AR 1) R, 43 3 TR B R T
(XGBoost) . [ fEHL(SVM) | T JE #i 28 X 4%
(DNN) 3 FiHIL 2§ 2 27 J7 2 8 57 B K AR 25 1) 0 4
FBLARY, JEXT RIS 3 FhHL & % > J7 ¥E X R
e 35 RIS 3 i B 3 B AR AIORE 265 1) T 41 3 4
Frxd LR 56

2 BE R G RE

21 H#E

N A AL HE 29 43 (1) 20164 1 H —
2019 4F 4 H 42 15 1 FEK H U HE S X 174 4> [F
RPN AN IR RIIRGORE, I EHE 530 T XF
RMAPS-IN [% 4% {1k P 3 B 57 45 40 48 Bl i 57K A
07 FE BB RE A 0 16 S % WA 3% o 3K B 43 1) R
G LI G RE R AE AR B R 10 min B[R] [B] g, B )5
UL 1 R AN 5 B AT A e AR A N T T Y g —
AR H B WL R e S BAAGR 1 R T I R,
an A i s B RS B ] Sk 08 B (b i, R IR —
09 B 10 43, B 3 1 5% (9 [ W B (1] )2 08 BF—09 B
10 53, I 4 A5 347 R AL AL FIE, DA 08 15 2] 09 1)
1043 89 4 10 min, 1 08 if — 08 B 10 43 . 08 i
10 43—08 [ 20 43, <+ -+ , 09 B —09 B} 10 43, A U
IR K ZERE SE AT, Buliic s W . (2) 1955 4F
11 H % 2019 4 4 H 5t HEE X 174 4> B KGO0
Sl H R ARG K X R A b TR L AU L AR
T 0 B B (H P 1955—20034E 4 02, 08, 14,
20 I} 4 A, 2004—2019 4F B ) o HAR I
RSB C e gl RS, Bl TR N
N T HWAIAE s, HRSBLSR N H 8BS, B e
FR A DA 56 F B K A A B BIF 58 (1 26 32 46, 2015),
XoF 3 1 0 B AR T i — 2 T AR R
b IX ] G ity i 53 A A1 LR .

SCH T #) R B S 2016 4F 1 H—2019 4F
4 A4 Z= 151 FK H RMAPS-IN $2 4t i 9 4% 1k bt



o BRSE. RET SRMHLER A 0 U ik B KR 25 R 0 MR S TR B ) 4 i B X L A3 AT 1025

42°N

41

40

39

38

37

36

118 119°E

1
0 200 600 1000 1400 1800 2200 26003000 m

BT UHESTHLIX 174 SRR GG M (@i
IREFIR S FEAE 1000—1500 m (Y3 05 FA 605 3R 7R TR o 2
1E 400—1000 m FY3k AL, 3 08 = MR ER F L TE 400 m
VAR B3l 5, GBSyt v JBE )

Fig. 1 Locations of 174 stations in Beijing-Tianjin-Hebei
region(red asterisk indicates the altitude is 1000-1500 m, black
circles indicate the altitude is 400—1000 m, and blue triangles
indicate the altitude is 0—400 m; color shadings show
terrain height, shaded: altitude)
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Fig. 2 Spatial distributions of precipitation type frequencies of rain (a), sleet (b) and snow (c¢) in Beijing-Tianjin-Hebei
region from 1955 to 2019
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Fig. 3 Probability spatial distributions of rain (a), sleet (b) and snow (c¢) at 7, <0C
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Fig. 6 Vertical profiles of wet bulb temperature corresponding to rain (a), sleet (b) and snow (¢) in
Beijing-Tianjin-Hebei region
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Fig. 7 Boxplots of Ty, (a), T; (b), RH (c), Z~Z (d) and Snf (e) corresponding to three precipitation types

in Beijing-Tianjin-Hebei region
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HAE 0.9—1, BEKAZA RIS, Snf i (H F £
TE 0—0.25, R FH ML 0—1,

3 Hlawss -~ PR A

3.1 XGBoost EX[F1E

XGBboost(Chen, et al, 2016) & 5 T4 i #2 T}
HEE 248 (18—l v B T 4 R P 4 5 A i SR ABE RS, X A i
EHE 0 b B Ty w R, AT D R R D A 4 A
R A FEARE, K B 5 FE B L) i 45 J
Oy AR IEAT IO, SR 5 R 55 40 28 10 25 4% R — a2 Y
RCE AT, B R AR S50/ B b ek B Y .
Horp, B AR 95 45 5 14 50 A REAS PR 25 0000 g o1
125 5, S 8048 fie 20 d S 10 B LA R VL 1 R
B, T H bR eR ER U0 A 00 P s TR AR 1 o
P, H b oA BT Ak 1 B G, T 25 SR 5 2 S B S
H. HFreREObj(0)H WAL, an=t(1) R

Obj(0) = )" Ly 30+ Y Q£ (1)
i=1 k=1

P, Y Ly, 90 AR FA K BRI, 473 BTG B A

Iy, FOR LI, SR B ) QLR IEN L
5, m A MR A IR, £, 308 DA%

SCHIBERE CART [a] I B4 A Ay A5 75U frY 5L pR 5K,
A CART 55 m RSN A 45 5 a] LR X (2)

Fiu(x) =T(x, 6,,) (2)
K, T RYERB, m AR a0 B, oft Rk
TR R A3 AR, B R SRR — A — S 1 LT
T JE T &5 S SR I — Uk B £ S S R A
TRZETIA] LR R N
Ly, 31 = Lis fu1(0)) + T (x,6,) (3)

AP, Ly 90 B H Cy) FFINAE (9,) 19 22 {8
Z
3.2 ZHEFEEN

% £ 5] & L ( Support Vector Machine, SVM)
H Cortes %5 (1995) #&H, & —Fh a7 £ G iF 2% > B
T R 25 48 RURS: B /N R B IERE [ A /NEEAS 22 2
%o BN AH 2R BB, 2 A B 22
(] U, SE T B AN A E R 2 R K . SCTPRA
libsvm H1 9 —XF — 3k, HABOL R EE B EHEAZ
[B] BT — A~ SVM, K I &k A4~ 2 51 B BE AR it 75 220k
T kCk=1)/2 4 SVM. M0 — A~ R FNEEAR 4T 432

I, o5 5 A5 55 B 22 B 28 0 B AR FIAE AR 1 2001
3.3 DNNREH#HZ ML

DNN(Deep Neural Networks ) /& 5 24 > 45
R H LA B R B A I £ S5, AR L B
2 2 B2 20 TA B A EL
W, BHEE RRUEZ, REZ T LR — )2, il 2
JEEK . MR e — 2 2 )E, il 2 R
FEEF XA R 0 AR R B I s Bl n 2
HARBCT RN W 8 T 43 28 AR 55, W LA 10
g AR T RS04 . DNN @I ZRn] LL4)
P R, AT S AR 1) A 35 I TR 22 1 R
A& o 50 Hh i F R B2 bl 28 P 28 S5 AR 2 — A~ 4 )2
M) 4 3% 0 22 I 4%, B 5 TS RS, i AL )2 T A
BRI ZRREA B REAEEL, VIZRFEAS D A2 4% A %)
PR WL, 2 3 AT R, XTI 3 402
B W, R RS IR, by WS R R
) B a; T S B AW A, o AR TS PREL,
i % Relu pR £l # 02 sigmoid pREL . 1F 01%
AL

i=1

R 25 1Y S ] A% 45 08 W R ] 2 i BP SR
(Rumelhart, et al, 1986), i i T35 451 26 pR %5, 18 H
T FEE T B8 125 O AN TR 198 9081 4 I 4% b 1) UL LA 0a /0
A IR 2%, BN o =B,y RS
1 5 R 0 U] DU T 22k

loss=%2(d—y)2 (5)
k=1

A YNGR LA B BT B 2 (Gradient Descent
Optimizer) YE M LAL AR . DhAS SURGAE M #6512k pR R
17 W 2% 09 P Ak, A P 77 98 B0 Bl Y 22 S R IR
L2 1F W) Ak ok gt S 3k B 4005, I ¥ 31 SR Y o
el A5 fe 215 21 i A5 AU EL A 00 A A

4 FEIKAHZS o 2R R R 5 2R A 3% L

4.1 AEFHESHAMERSGE

i FH 2016—2019 4F 1 H — K4 3 H 1= 43 9k
A8 37 0 ()30 00 T R A4 ol O 5
B W (1=0 h) L 7 = 3 (9 HL B BERL R 23 9 1)1
SRAE AR ; RN Pl (=1—12 h) FEAHZ I
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17 = 3 (9 L B AL 43 A I 2 4 R AR L 43 )
E T M3 M 70% AL A HE 7 Ff K AH 254
R IEFH R A0 30% RO REATT RSG5 . 4007
Gy g SRR 1 R,

F 1 AR BHRG A B

Table 1 Total number of samples of analysis field
and prediction field
VK] 97758 51219 201924
i1} 504495 209031 1215927

A A 0 5 AR G AT B A R 45 R R S
B, B A BRI 41 A AT AR, 11 A TR
BRAE, SRR AF A HL 2 SN T

(1)RMAPS-IN £ =i i 7™ i - AT A 4
& Tow Tyo Ty RH. Z,, Snf KR AR BRIE E =
MFRPER; MG FEARQHE T, T,. T,. RH,
Z, % Snf,

(2) Hb THT S 50 W8I0 50 40« S0 R AR

(3) I T K AHAS SRR BT 1955—
2019 4 H 25l VLI B4 , 15 31 5T FER b X 45 [
FH k5 T, BT, 7E[-10°C, 10°C] 45 0.5°C [] & N
WL W3 5 R ) B R

Ry HG AN R R AE 2 0K 6 AN TR WL 28 2 20 O
PR KA A A FE PR AR AL B 5 ), SCh T T 2 41
(test] Al test2) FFIES B MM B T (£ 2), Hp
test2 NN T 52 22 I T KA A SR RRAE, RIAR
P RMAPS-IN #2051 19 2 m SR AR BR TR, DT
B[-10°C, 10°C] & 0.5°C [ B& PN RS . WY 9 35 F1E 1
HELME R, I A XGBoost, SVM £l DNN = fli #
PEE S I, BTN test] FI test2 R b7 4 R b A ] 4
TESHUA, 53 5 AT R RIAS 50

F 2 AR [ RRAE 2 R0 R T i

Table 2 Construction methods for different characteristic
parameter groups in different models
RMAPS-INfS SISl AT TRk
i ™ MR AR

testl \ \

XABoost 2 v v N
testl \ \

M e v v v
testl v R

PN e v v v
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4.2 HERF—K

T AT S AR A B 25 3 B0 2 B[] 3G RIS A
TCH WS B, A T B LAl R i A RS e,
min-max SRR A 0 BN FRRE BT R0, 1],

X = Xin
Xoorm = X X (6)

F T, X 2 SRR R AE X Y B /ML, X2 SR IR R 1E
MY KAE, Xoomoe PR IEALZE R .
4.3 TFUNLER

TR . BT A RN T, A T
VTN AN [v) A5 70 1 1 i 22 5, S R VR Ve 6 o s
VP4 o TR VA JE I S A7 6 O3 SIS R ME Ay B v e Bk
NN SN S T R e S | B B
R Y U 485 28 U 0 288 A 00 0 1A B, A% U 8 24 SRl
fE—AFE L IRIE PR B R e X ansk 3 fiR, H
H TP R/R IE B A 70 R IE 8 9 80, FN R X
TEZR 5 R I FEA S, FP RRWE T 345 50 0 IE
FKIFEALL, TN KR ARIET - 2R FEAR S,
S REA R K, Sy X B, B R w7 BLAR
L AEXT TR A S, KR IO E R, 403k 4
e 5 i

4P testl F#1E S 5041 RMAPS-IN 53 #1 %
AR 7S R T S 50 R ) R AL, test2 REAE S 504
HE TN T A 28 MUY T BREK A SR RRAE o X 2
ANFEVRFAE 2 B0 F A5 B 1 3 FPAS [R] B K A S TR R
JERETT LA H, XGBoost A1 DNN Fi Rl ML 2% 2% 2] 7
PO TR W e TR B TN O A R A 2, #REH
T SVM J7ik o FRAESE b 88 N 52 44 WP B B K
AHA AR RAE, 1T LB 8 42 T 3 RhAILER 2% > 7 ikt
BRI T e A R TR B o | AR P O 1
WA, HXT test2 FRE 2 804 77 %€ (RMAPS-
INITEFE7E = o NN R R VW U R NSNSV JS &S
B T B KA A SRR AR ) HEAT T g A AR I, R
WML S . INERFATLIE H, XGBoost Fl
DNN i B8 24 2 J7 26 T L T e 55 F0 25 1 Tl
B 32 A Y, HR I 5 T SVML ik, R A F 4R 1
T AT T 5 T 43 B S R A A N7 I R K A R A

%3 RIEHE

Table 3 Confusion matrix
T B Tt A
SR E TP(True Positive) FN(False Negative)
SRR AR FP(True Positive) TN(False Negative)
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F 4 LT IR BT R A RN AN [R] KR 2SR (1 TR VB 4
Table 4 Confusion matrix of different precipitation type models based on analysis field samples
XGBoostTE SVM il (i DNNTME
27418 1773 136 25471 3412 444 27931 1164 232
(93.5%) (6%) (0.5%) (86.9%)  (11.6%) (1.5%) (95.2%) (4.0%) (0.8%)
1365 12050 1951 3409 7229 4728 1038 13011 1317
HIY MRS
st FURHL IR g 00y (mav)  (1279%)  (22%)  (47.0%)  (G0.8%)  (68%)  (84.7%)  (8.6%)
= 140 1365 59072 371 2592 57608 305 999 59273
- (0.2%) (2.3%) (97.5%) (0.6%) (4.3%) (95.1%) (0.5%) (1.6%) (97.8%)
i 28162 1036 129 25987 2790 547 28573 588 163
(96.0%)  (3.5%)  (0.4%) (88.6%)  (95%)  (1.9%) (97.4%)  (2.0%)  (0.6%)
. 789 13251 1326 3003 9288 3064 627 13803 925
test2  ELIMH WRT
. A% (862%)  (8.6%)  (19.5%)  (60.4%)  (19.9%)  (41%)  (89.8%)  (6.0%)
= 84 584 59909 564 2236 57770 147 550 59873
- (0.1%) (1.0%) (98.9%) (0.9%) (3.7%) (95.4%) (0.2%) (0.9%) (98.8%)
F 5 BT BRI FEA G ST 09N R /KR A58 A TR Y R B
Table 5 Confusion matrix of different precipitation type models based on prediction field samples
XGBoost I I{E SVMTiII{A DNNHfE
141481 5368 4499 134258 8367 8723 141079 6371 3559
(93.5%) (3.5%) (3.0%) (88.7%) (5.5%) (5.8%) (93.2%) (4.2%) (2.4%)
3183 44797 14711 7990 30073 24628 4752 42926 14367
testz fi TGa%) (T15%)  (23.5%)  (12.7%)  (48.0%)  (39.3%)  (7.6%)  (68.5%)  (22.9%)
= 1601 5829 357348 4206 8978 351594 2164 6811 355186
(0.4%) (1.6%) (98.0%) (1.1%) (2.5%) (96.4%) (0.6%) (1.9%) (97.4%)

i A, KRR 5 M 3 R IR 3 test2 5 IR G A
R 3138 1 A (] o 7K AH 254 AL 1 iy b 3 (probability
of detection, POD) . g 2% & ( false alarm ratio,
FAR) Al 5L il 348 %% (critical success index, CSI)
(Chen, et al, 2017), W& 6 MK 7 iR, ETHHr
YRS, SVM BB 3 i B 7K AH 25 1) & 1R iy vh 208
88.4%, XGBoost fll DNN #& & 4% 1k iy Hr 3 43 51 4
96.3% F197.1%, BB AL T SVM i, BT
BEAS, SVM B R 3 Fifr [ 7K AH 25 1Y 2 1A i b R o
89.1%, XGBoost Fil DNN #& %I #& A& iy v 5 43 5]
93.9% 1 93.4%, &t XF A [] (4 R 7K S Y, 3 o 75
XiF TR 1 i R B AR T e . 54,
T43 41 3 N BRI R AR A ST AT, X 3 FlOR TR
[ B 7K 25 7, XGBoost Al DNN ## 7l i % 3 HL K T
SVM A0 JF 191 412 37 B0 45 21 1 455 7 4 v S
KFoatiss, &R T, —JrEZEH T
RMAPS-IN R GeH6 mi 53 HE R 5, 70 B 8080 4 5 ij
F 5 min {3 W I0GERHEAT T R A AR
PR TTIE, K 22 B0k 55 000 7T 75 Sk < ELAH” AbHE, %
I 1) R R R0 O A 1 A T B A B A, BT
TSR A A A, SRR ECT 41 DTS RAE,

FALRE TR AR ERIR A =4 SR B R, il T
RMAPS-IN RG %A — 4L B R TRk, Uil
ARG REAR R BT 11 A TR B AE, F5A0E 1)
AENGT A58 20>, S A 80 2 A T A1) 1 A 1t AT — R R

# 1k ok F, T XGBoost fl DNN Tii 4 37 #
B, X TR 2 W 0 A T 3R 93%, BEAIR T Y20 T &
(94%), H T SVM Hil4f A 8, W12 Wi 1 4w rp 2245
Y20 75 A% 5%; XF T’ 27, £ T XGBoost il
DNN Tl e B 8, w0 LUK 70% 247, @& T
Y20 )7 E(41%); XT3, 3 Pl ik 2] A5y vh
#E T Y20 7%, H ' XGBoost £l DNN 1y 7 R 4%
Y20 #£F 7%, SVM T+ 5% X itk — 2L Ui i, T
Xof AN R A S5 VR4 e B 0 s o0, A A 12 W
I E N R — B A B2 A KSR
W7 ok 158 22, I ok B 3 PO AR AE S50, 2 T HLAS =
2 J5 XS REAR AT N ZR N2 T, REAS BT 4 M fif e %
A 750 7 AN [ DX 35 1) 358 FH 1 R T4 RE T o

AP

R Y20 K 3 FhHL A 24 20 J5 1k 6 S 0 B oK AH
A Ay PR B WA B XF 2021 4F 2 H 13—

5
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K6 T IR A A ST AL T 43

Table 6 Model prediction scores based on analysis field samples
Wk ke POD FAR CSI
+ )
XGBoost SVM DNN XGBoost SVM DNN XGBoost SVM DNN
] 0.96 0.88 0.97 0.03 0.12 0.03 0.93 0.79 0.95
e 0.86 0.60 0.90 0.11 0.35 0.08 0.78 0.46 0.84
£l 0.99 0.95 0.98 0.02 0.06 0.02 0.97 0.90 0.97
R T BT HARG AL AR BT Y43
Table 7 Model prediction scores based on prediction field samples
Wk A POD FAR CSI
XGBoost SVM DNN XGBoost SVM DNN XGBoost SVM DNN
0] 0.93 0.89 0.93 0.03 0.08 0.05 0.91 0.82 0.89
e 0.71 0.48 0.69 0.20 0.37 0.23 0.61 0.38 0.57
El 0.98 0.96 0.98 0.05 0.09 0.05 0.93 0.88 0.93

15 HREKASHEAT T B MAGE . RSAH T
Y20, XGBoost, SVM, DNN X 4 Fh % 7K A 25 & W
3 A TR XUk Ak B A TR O AR 4y . A
F8ATLLEH, Xk A& Y20 W 2 6 o A R
(0.89) % T 3 FbL 2= > 7k, Horf DNN J7 3k fitill
1) 55 e % (0.77) 1% F XGBoost(0.75) 1 SVM
(0.73) ;5 Y20 J5 Z& X W 9 I A9 o 66 >R (0.79) ik F
3R ML A 2F ) ¥, SVM X T R 1 &Y v H R
(0.98) i, HX 2 DNN(0.93) .

# 8 20214:2 H 13—15 H Y20, XGBoost, SVM, DNN
VPG e 7 R 285 2 W 3 SIS 2R T ) o 32 3 4
Table 8 Prediction accuracy score of four objective
classification models for precipitation type
based on Y20, XGBoost, SVM and DNN

during 13—15 February 2021

ek g £op
Y20 XGBoost SVM DNN
] 0.79 0.89 0.98 0.93
mdkE / / / /
Edf 0.89 0.75 0.73 0.77

6 kT

AP US4 X SR [ 8 Rl L B R
L2 A% A bR SR A 20 4R 1™ dh, ST T R
SEH DX AT 2% M I T 4% 288 I 2K A 28 R Ak K il
SR M AR B 23 A1 25 5 L S TR B AROR ZS I A% A
‘PR SO 240 5 B0 it e R RE B2 I A KR 25 )
AORRAEAR S, o OFF ORI R R R A e
T R KR 2 A R A B g o e R S 7 i A

NAFE MR, 43 93T XGBoost. SVM., DNN =
BLAS 24 20 7 s 38 ST T B K AH 25 10 85 40 3 32 2 0
FRLRY, JEX RIS N 3 Rl AL R 24 2 7 ik X RN
TSl 25 RN 3 o st A o B AR KA 25 1 T 3k SR 2
157X U 56

(1) M\ 1955—2019 4F 5T B Hb X TR . B I =5 Je
T Y25 (] 53 AT K, 14K = B 5 T 400 m Y LU DX
R, T S RS Y H BB TSR S FE 400 m
DU BF Bl o5, sk db (B2 T 6 A6, 4% 1393 m)
e 35 S A B E S 2, B WA R TR
1o BE T A 2R B A ARZS T 24 AR 23R 40 A AN ], e
X F 5 R X B KA A A — R,

(2) 38 2o Ge T e [R) 5 570 5t T 3 Ml X ] 5 20
S B R R KA S SR ERIE B (T,) e R, KB
1E T, <0°C B, 50H L M X Bk T b 2R b 3504 51 ok
s, Atk 5T B A BRI ARTE 0.9 D L, T Je
TR HERAE 0.1 I . 0<T,<1.0C i}, T H#H
A RE S8 T R B AIG, (HL I J2: 1 T R RITRRT & 25 14 o S
2, T RIRR e 55 B A AE R A6 o e, R A AR
FRAE RS FHE 400 m LU (1438 o5 A X 55, V4K
400 m DAL 0 L Xk A, W e 35 B MR R
WA R . T, > 1°C B, Bk b b 8 i R T
1000 m [ JLA 3l a5 K T A0 R 4 03 o, T H BLAY
MERIEATE 0.9 LU I AR AE, BERIRE KT
0°C B, n LAX 43 90% LA LR A1 .

(3)3 Fh ML S 24 20 J7 % 3 Bl Kk A AS 4B B AT
AT By TR B8 7, XoF R RN RN R S R e A, Huk 2
M2, 3 H XGBoost H1 DNN # i B J1 4024, #F
S8 F SVM. SVM A B J& — A~ 0r p 5 4, 2
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SIS KA i G 1 B RS, — B —
X — i — X 2k, AR50 A — X — 3k, L
Fa 2 81 45 11 25 Bsf [R] T C B [R]85 4K, A SVM
SR B A R, X S BORAZ oA B B R, X T
RFRAEN R A L S e

(4) ¥ g ) RFAE S 5P 38 i 52 2 HUE T [ 7K AR
AAEFAE, AT LLU] T 3 AL as 2% 2] 5 ik Xt
WL FREMEMmh R, ETo%EAR, SVM
BEAY 3 TR KRR A 1 B AR i v 36y 88.4%, XGBoost
1 DNN #5784 % 1A iy b 32 53 51 96.3% F1 97.1%
FET MG FEA, SVM BLAY 3 Fh AR 2 1Y B AR A
%k 89.1%, XGBoost Al DNN A& 7l 4 {4 £y v 2R
I3 54 93.9% F193.4%.

(5)7EA T 1, XGBoost Fl DNN #RAE {7 b 52
T KA AZE . XGBoost & GBDT iy —Fir
SEEL, BT LAfR DR o 2 ) B, T LA A ke [m] 0 )
B, XGBoost H7 H b5 sRECH AT 1E W Ak B
b 3G, A5 5500 B P A, A Ak B A Ry
TEF s AT LA FE47, I B 2% 5 T I R 508 s i (E
A8, AT LA 8RR A S48 %8 (B R 72 43 32 I BRI
J7 1], 3% MR BE$R T T SEE B9 AR . T DNN J2 %
BE2E ) 7, WS 25 R i i R TR, W SRR £,
It HA F 5 WA g, nT DL 32 98 5008 4R A, OF
H AT AR GPU fin 3T 450, 38 A KB R Ak 4%
P o T LAAE At DX 3k 2 [ K A S RS AU B, DNN AR
Rl —FpEEEEEN k. S 4h, LR IS hid i)
DL 5 o I, ) A 45 ) PR A A 2 R RE AR, R B
TR 22 190 45 (CNIN ) S 30 8 7K R 285 110 o 1 A 38 40 2%
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