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An Tropical Cyclone Intensity Prediction Method
Based on Spatial-Temporal Features

Hao Kun,Zhang Tiankun, Shi Zhenwei
(School of Astronautics, Beihang University, Beijing 100083, China)

Abstract : Tropical Cyclone(TC)is a destructive weather system,which causes disasters every year in China. At present,
researchers usually develop statistical forecast methods for TC intensity forecast. They use the climatic persistence factors
to develop a regression model for the future intensity of TC. Such model ,however,needs a complex procedure of feature
selection and lacks the use of information in the surrounding environment. So the forecast accuracy has not been signifi-
cantly improved over the recent years. This paper proposes a TC intensity prediction model that can extract spatial and
temporal features simultaneously. As for the influence of environmental physical factors on TC,the convolutional layer is
used to learn its spatial information,and the recurrent neural unit is used to model the historical time series of tropical
cyclone to achieve an end-to-end prediction. Having tested the TC samples in the Northwest Pacific, the results show that
our spatial-temporal intensity prediction network is superior to other forecast methods published by Shanghai Typhoon
Institute (STT) in the corresponding period, so it can be used as a new intelligent prediction model to provide valuable
objective reference for forecasters.
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T AU ST B i R R A 2% BRI TR, R 8 e 2 TR T R AR, R iR
2 ITERIIE] TC FUHRATES5 A TC IRl S 23 (R PR R EA T A, AN AT LA S B 25 45 5
FEAR N 1 558 1 8AS TR - BE A HE UG BE A 4R T, S Al B2 4R BE A 225 (LAY TN 25

1 MR

SG2FHXT TC 3B R T TC 2T H O e RO Kl |, HoAs fhad R R & 2% (A K ik F2 22
4 ANl SRR 1 (48 AR B 20 2 57— BER [B) A9 TC A SSHRAF i, 40 TC Frl Ay 226 B i i
85 PR TC MEIER KA TC 93h /BRI LA I TC A B Z5 /A4 EHXT TC 58 5 4R A
SEBRAE S, et AR E A FBAE 1972 4F, Neuman RIGHEH T FF42: (CLIPER ) #E A1 3
TR N T2 8 B A M I 5 2. 1997 4 | Fitzpatrick &3 TIPS, @l & 7807 D2 VOR, T
HRPGIC A ARG A 1 A TC 3R BE™ . [ N SEPR I, BR T CLIPER BERY 38 fi e /s — J6 3 4 Y
(PLS) ! MWL AR O 45 2019 4F | Pan 25 ffi F DLM SRR e TC 55 3 A T Rl A 3 6 K0
AU T AR L R 7 AR5 R EE R XS TC WAVEF 1, A A RE 2 S 2% i R 7 ik SR BG4, A
XTBERFERT. AR SCE M TC 38 B M AHDC R 2 K, 256 % 18 TC BT R Rr Stk N7 (BRI B ) JOREE
Xt TC W B T4 (BPZS (458 % TC & It REHEA T 25 AR 48 T — 3 IR 18 2 > 1) % i T
T3, P4 e e R 2% S 300 28] s 1) 5 8 00 e 14

2 WRJi%

2.1 HUERE

FEXF PH AL IRV ey S A 7 o B2 UM B I, >R Y v 47 ( China Meteorological Administration,
CMA) & A G SO e R BB AR 5P 4E (best track , BST) 1) 135 [ [ X BB Fi 4 F 0> (the National Centers
for Environmental Prediction, NCEP ) & A5 Y S TR 5 5 A R ORE ( climate forecast system reanalysis,
CFSR). Hrt BST ZHEiC R 1 1949 4F LR PYAL A 1R (B RE T, ARl DAL, AR 28 180° LAV ) #hiy e
T 6 h — MO E FIRE  BER % nZ | R, YYYYMMDDHH R4/ H/ A/ 1L TC bk
-4 R R AR R0 43 A58 B S % LAT &5 LONG A03& TC H0 TR [ 28 45 BE (207 . x0.1°) ,PRES S5 TC
SR AR G 1 G B AU (B2 hPa) , WND LOWD 4351102 2 min ~P-34930T v die R JGHE - 249 XU ( B0
m/s) , Hort WND R 2 F0000 i) 2% &

%1 BST HIRLRRHI
Table 1 Example for BST dataset

YYYYMMDDHH I LAT LONG PRES WND OwWD
1953061506 0 125 1116 1 000 10 15
1953061512 0 132 1117 1 000 10 15
1953061518 0 142 1117 1 000 10 15
1953061600 0 150 1117 1 000 10 20
1953061606 0 159 1112 999 10 20

CFSR & — Mg S 2RISR | 24 kS T BERT K 0.5° 103 T 1979 4E B ATEAERA L M 5 F Ry B
HH T, I E SRS BST BdaAilnl , dJ2 6 h [EFFE. CFSR A 28 ASCESE 15 TC SR EEAHOCH)
9 ML, 735104 : 500 hPa 700 hPa 850 hPa BB, 500 hPa,700 hPa 850 hPa Y LLIE,1 000 mbar Y3k
FE ARSI w05 o 0. B 1 TR 2018 44 XU AT % A i #E p B 200 (%) CFSR 4 B &
Y.
2.2 FAbhiE

BST Zicdls; AR R A 4k 15 B R 2 & TC i By S22 5 10 CFSR #5448 19 o — 4k 23 [a] 4
ISR R I B 2 TC S i35 2. 8 T RE = AR AN e 4R B B 23 R AE , B 1979 ~ 2017 4F
( ZHTERTE R ERAC 8 ) RAETEPT AL RV ( 3 7E2s B B RYAEHE ) 1Y 914 S5 Haly S0 i
FEREA, 11979 ~2010 4E (1) 754 S50 SHEVE RN ZRAEAR ;2011 ~2017 4E1Y 160 53 ie FH 00 )
Z&rkRe. B2 JoR T BdESE T 50 4% TC .
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Fig.1 Example for CFSR dataset
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Fig. 2 Example for tropical cyclone samples

XTT BST i 48 i i — S5 P SOHE , W 2R A% s B Ta] 55 8L WIFR LI PR BE Ry s A i s 2 1)
B IE] A ¢ A YT f, e RO R ¢ 200 A 6y SR EE 2R B8 (& b0 SR Bl KL 6 MR . BRIk
FH T80 114 iy A SBUER 1 I 221 B bR i i 220 Z 17 o A TR RIAR B X_bst (i) = {f,_,, o fo o1 i
FEARZRTG] Hith Ry 24 h 5048 h ZJ5 1 TC I Cai R IXGEE Y (i) =y, 30 V(i) = y,,q 80— RIS 5 A
ERRAE BIREAS BT BB ]SO o+ 5 3 w+9 A, BN 24 h 00, — 2830y SOE v] DAAE AR s—a—4 MRS X
T 48 h T, — ZR B URE AT LAAE B s—x—8 PMREAR.

DL BST Ba£E s | MR R A X_bst () 0, HoAD & w+ 1 AN]SR R XTI 1) o, X R A7
TC ot FITTE R 2 25 B AR AR , K HAR Hh L 2 e /N JEUU) e 53 31 CFSR H53 A BERH A6 s b, AR S50 v
O, B A 35 E T T XSRSt XS P 9 A~ 3 WA 5 al , BV AT A5 31032 s [ A 1 = A 3R 855
j%{%‘l%‘ Mt c R9X71X71.
2.3 MR EN

PEIAPRZE M 45 (recurrent neural networks, RNN) S V/F{5 BIHEAAL , X Z 17 (19 X 2 RS- BB g2, Je it

P 3 N
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TR S8, (2 RNN AEFEYIZRxE Ry ] S A A 4k R T RNN EUAE  (H SO H A B3
KIGHHEIZ M 45 (long short-term memory , LSTM) HOL SR 3 AT T M4, LSTM REfE [ =2 ) B
FPECHE 0% g st s R AR CER e SRS 23 AT FRAEAE A B I TB) AR DG 33 %o #0471 R
WiEH. N TREEIHESE S A SR & B2 W 2% (convolutional neural networks , CNN) X 2 4% i %1 f2
Z i — B I A] (4 TC Ja] P 3 e 50 4R 17 28 (B RRAE B S, 755 BST B 45 &, —JF ik A LSTM g %
>, B 2t FO B 20 TC SR BEE. 1] 3 T 7R S AR S FH B I 25 2R

__________________________________________________________________

B3 TC3EEmNEE
Fig.3 Tropical cyclone intensity prediction model
i BT TR X T L AMREACHY ¢ 2, B CFSR BERHS 2 M, , FIHIAS BZ S s [ R AE, i s — 4 ) 2
¢, B ARZIRIA X_cfsr(i)={e,_,,+,¢,,,¢,,,¢,} , T X_bst(i) 5 X_cfsr(i) il & X_concat(i)={I_,,
sl b L SRR LSTM B0 Jo L = [ e, [ - AR DFERAE. LSTM HOTR PR SES )y
2, DI ZE 1 RIAHE 7, B LSTM S it ZIntf i, R IS 4422 BRI AT 45 3 T 2 21

3 5

ARSCEEXT TC 38 EEAY 24 h T 5 48 h B, 7354 IR 2.2 551 2.3 95 Pk oy ik e 7 . g i EA
Al « B (x=3,4,5,6,7,8) R BUTIN 45 R 2 (6] JC . 25 DX, SO 8000 LR ZE B/ NI oo = 4, R TR i )
Z) BB 2 Z 1T 4 AN R]E CRIVAT 24 h) SR BAEIREAA 24 h BIUAEAS PSR 2240 9,48 h
IAEA P KR 20 13, BAREEE 73 A PRI Ak 2 Fin.

x2 TWHESE
Table 2 Sample distribution

‘ %45 A
Tl 1979~2010 p
- 2011 2012 2013 2014 2015 2016 2017 Jav il
TC 44k 754 18 27 28 19 24 21 23 160

FEARAE(24 h/48 h) 17 555/14 539 458/386  654/546  548/436  425/349  791/695  437/353  446/354 3 759/3 119

BRI DE T 4 )2 IR A G2 1 ERM 535 MBI, HAITRERE, 2.3.4 )2 04
R, AT 122 i R B2 64 BORAE 1] 8 A28 A5 B, TRAN R 46 2503 3 Firs. i
FPEATCH M2 LSTM & | B> 20 A B Ry 256 19 ] 4t S5 50 B 26 B 220 Ay i o, O3 ok 10 )2 4 i 4
SERL AT 58 B2 45
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%3 CNN =g
Table 3 CNN structure

Kernel size Channel num Stride Activation

Convl 5%5 32 11 ReLU

Conv2 3%3 32 11 RelLU
MaxPool 2%2 — 2%2 —

Conv3 3%3 64 11 RelU
MaxPool 2%2 — 2%2 —

Conv4 3%3 64 11 ReLU
MaxPool 2%2 — 2%2

FC1 — 384 — ReLU

FC2 — 64 — Sigmoid

FEFFAE Windows10 R4 [z AT, (] NVIDIA &2 -RANEETHE, WAL R A% 4 38 5 Fros. HTX Y
FIEA 4 FEE AR 4 PG5k, 48 5 . GRAPES-TCM., H AKU (B, i &5 KU T M #0fE 0
WIPS fifie /I —F i ARG 5 % \ DLM 8L, Bk DLM &b, Hofth 7 vk i il iR 22 B0k A B 4 R Lifg
£ XU 5% FF ( Shanghai Typhoon Institute of China Meteorological Administration, STI-CMA ) B4 75 ) PE L K
SR SUE BURORE BE PP E T

R4 24 h BEEREERETNEHEIHRE

Table 4 Mean absolute error for 24 h tropical cyclone intensity prediction

201117 2012018 2013019 2014120 2015021 201622 20171%)
TR2E MRS 1R WiREr R WHkE RE WHORE R WHOREL iR TS R WHRRE
GRAPES-TCM 144 285 7.43 331 739 290 622 212 8.2 483 6.0 289 6.2 253

24 h

HZA%E 5.1 357 — — 7.43 413 6.81 416 6.7 699 6.4 460 5.4 374
LGRS 6.6 245 6.99 291 6.79 105 — — 8.3 439 6.2 188 4.7 248
T EdE 4.9 145 5.17 206  5.51 164 — — 8.9 285 8.0 182 6.5 82
WIPS 5.1 160 4.31 204  5.75 177 — — 5.4 489 6.6 352 4.7 340
/N 4.3 365 504 502 5.21 241 570 377 5.6 563 7.7 332 5.0 362
AFARLGER — — — — — — — — 5.2 579 6.4 368 4.5 343
DLM 3.8 — 5.0 — 5.2 — 5.4 — 5.5 — 5.8 — — —

ST 3.60 458 4.29 654 4.21 548 4.60 425 4.62 791 5.58 437 4.38 446

R5 48 h B SR BTN F AR E

Table 5 Mean absolute error for 48 h tropical cyclone intensity prediction

201117 2012018] 201301 2014120 2015021 2016!%% 20171%)

R BURKE R BURRE R2E WA R2E BURREL R BURUCER dRZE BUREL BRZE BUHREK
GRAPES-TCM 169 232 827 271 836 207 871 188 95 395 7.5 247 8.1 187

48 h

HZA%E 8.9 292 — — 1244 309 11.20 342 10.7 594 10.7 382 8.1 288
LG AR 8.0 216 8.20 241 6.98 64 — — 11.8 367 6.8 162 5.3 194
TMRdE 7.8 109 775 158 8.30 119 — — 10.5 239 11.5 139 7.7 57
WIPS 6.9 141 5.76 159 8.95 129 — — 7.9 415 9.1 266 5.7 240

fife/h—3f 6.2 316 7.40 413 7.85 172 8.17 323 8.2 482 12.6 324 6.4 252
AR5 i — — — — — — — 7.6 486 9.4 294 6.1 266
DLM 5.0 — 6.7 — 6.0 — 7.6 — 7.4 — 7.5 — — —
W 6.16 386 6.69 546 6.73 436 6.86 349 7.24 695 9.05 353 6.82 354

WITES 8 R L s —FF Y8 T2 BT 75 . N ESREE IR nT LU ) BT %F 24 h s B2 RO, 4
SCRLHUTE BTG 7 35 YR B T B EAG E BT 48 h 5 B TN, AR SC IR AE 2014 451 2015 43k 3] T HefE
R U8 BH X T S TN, 5 SCHRE S 1 B 23 o R 00 A PR LA G S A A o I B A 1% 14, i A AR
FTREIN GE T BB P B AELLE 5 FH AR 2 ORI 7 3k rR AR SR R RS  /INI 152 22 | i 15 25 T I 25 B i) 15 8. ot
k-5 B A P 48 2540 (EAS T B 0 AR T A T ik , AR SO B A I R B £ s B iR 22 B 2o ]
R, SERFRW] A SCHR Y A B2 5 B TN ) 48 B8 A A8 kb 2y > P RF 2L R 7 R Yt [ 7 5 TC iz
SN 4R, 5 T IR B 1 i B TR0 45 5L T 4 2% 2018 4F 5 AN Trami ™ A1 Barijat” (1) 24 h Tl

I 5 N




P UM R A2 2R (TR R ) 55 19 55 3 11 (2019 4F)

ek, T LAFE i, AN e 9 AR A B = I, AR SO EE X RE IE B M BEADLHY 15 XU J3E 1R AR A 8, LA 25
5 LR AR — 2

60 - 60 -
50 - 50 - —— True
g 40 - é 40 - --- Predict
230 2 301
= « —e— True =
Q [ Q [
N 20 ---- Predict = 20
101 10F
0 0
Time Time
(a) Trami (b) Barijat
B 4 & X5EE T %
Fig. 4 Typhoon intensity prediction curve
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AR SO XS VAL R PE R URE B iR BE T , 42 Hh 1 — N T I3 5 RO A B TR R 2 I R Y 3 1 =
G TC JH [ B P55 Py BRI, PR AT B RHCAZ R 26X TC ARA AT It P e 8, S 1 I s o
Tk 149 25 R i 21 i ) T B £, 24 b B0 S5 SR TAR LI BEO AR A H AT . SXBEAE 1 TC 95 B2 il
R REAL , REDN Bl R AR BEA B E R B S . 5 28 AR —J7 TP [ S8 TR A A1 00 1 1 46l 1 T
I FETT- (fnoxod B U@ A3 A H ﬁJ\HTIETJ Sr PR AT L) | 53— 07 B IR R G 2R B (g N R
S5 EMIFE T TC 58 B2 ARSI PN B2 | S S boll 55 BT Sk S 4F 2% 07 .
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