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Abstract

Majority of Typhoons mostly land from the east side of Taiwan, and were
higher rainfall in windward side. The research focuses on the Hualien area
located on the east of Taiwan, and is objected to set up a rainfall prediction
modeling by looking at different typhoons’ routes, then effectively predict
rainfall when different typhoons occur, to reduce the loss caused by the
typhoon when it occurs. This paper is to discuss how to reduce the loss caused

by rainfall when typhoon occurs by enhancing the ability of rainfall prediction.

This study adopts the rainfall data provided by corresponding authorities, to
achieve the aims described as follows: (1) Using linear regression models to
create different typhoon rainfall forecasting model. (2) The precision of the
outcome that is analyzed and compared with each typhoon with similar route in
the past accordingly, and (3) Comparing the prediction effects as to the
different typhoon rainfall routes for future reference. The results show:1.
Typhoon path 2 In terms of linear regression prediction model, R* was 0.175-
and value F was 8.934, significant functionality was 0.000 (<0.001), which
shows it reaches the level of significance. 2. In Typhoon Rainfall path 3, its
linear regression prediction model R? was 0.207 and value F was 14.105,
significant functionality was 0.000(<0.001), which shows it reaches the level of
significance. 3. In Typhoon Rainfall path 4, its linear regression prediction
model R* was 0.294 and value F was 14.105, significant 0.000(<0.001), which
shows it reaches the level of significance. 4. In the combination of Typhoon
Rainfall path 2 ~ 3 ~ 4, its linear regression prediction model R® was 0.176 and
value F was 31.143, significant functionality was 0.000(<0.001), which shows
it reaches the level of significance. Based on the simulation outcomes, it shows
that significant functionality existing in each model. In addition, all models are

based on MAPE assessment , MAPE values of path 2 and the combination of



path 2 ~3~4 were 1.64% and 1.71%, respectively, results seem to be good. This
study shows typhoon rainfall linear regression prediction model were easy to
operate and the overall effects were great in general. Thus it can be further
referred by the corresponding authorities in the area of typhoon rainfall
forecasting.

Keywords: typhoon path , typhoon rainfall, the linear regression model,

Mean Absolute Percentage Errors
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LifHifp: B - f SHH i R BE o do

y =5+ BX ot BX

2AFWEF 1 2 B b enp Sl R R o e

S BESULIER R A

Y=L0+BX +..+ BX

Latfbie §f ¢ Rl R L B L - do
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foeger R s Aap gy oo VT ALK
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(X Y)zmEEd ¥ LfFd 1 TAB 2 AL - BAREREXY

B B R X, Y PRI B A0 - S L AE g X

?3?

=

P RISBLZ Y BB A b X EE K E
Tk ﬁﬁﬁ:;‘ ¥, x# & p % #(independent variable)z“#i%l » s (input

variable) » y f = F]1% #c(dependent variable)# & J& % #c(response

variable) # % F ey £ - B x ik adk O(X) 2 - ngism €
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|
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<
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<
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At g(X) 5 - B X2 AP sk gX)=L4,+BX" B, B, s A4
Sl PR XEY 2 {3 5 y= 4+ fix+e A st i
3\ (simple linear regression model) » # # E(g)=0 - var(e) =2 - za
Bk ez A5 ¥ Mlyzs® s NS +BX,0°) B2 F nit(Xy)

E‘ngg (Xl’yl) ) (Xn’yn), EIIJ yii/”\ i ?3 N(ﬂo +ﬂ1Xi162), i= 1, = Noe

BTz PN By ZERELRN BB DT EF FEMEHE T 0
Bz xEF AEM G A TEn BV EFFEML P ETA- FE

B fyyy =P+ X o B ESRFG A &rz 4 (population regression

line) -
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(Least Squares Estimator, LSE) -

¢SS0 =3 (5 —X) =X =T (E %)’
s =50 -9 =2y - TSy’
ss(xy) = Z(x S0, - ) = Zx y —%(gxixg )
M S =200~ B )
= D00 =)~ =¥+ )= 06~ T

= i(yi _9)2 +i(ﬂo _9+ﬂ1)_()2 +ﬂlzi(xi _)_()2
_Zﬂli(xi _)_()(yi _S/)

=sS(Y) +N(By — Y+ S X)° + S75S(X) — 28,58(xy)

= ss(y) +n(5, - ;’ + ﬂl)_()z +ss(X)[B; — SSSS((X)EI))]2 B [82(3)83]

ss(xy) - -
SS(X) ’ ﬂo = y_ﬂlx

B s® B P B =
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b, = SS0Y).
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bO =9_b1)_(1

A

R TS XCT T RS T SRS E T
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gt e mmam O wopm OOV g gega s g s
:?9‘;10

U ENIE RS T B A L o
2= (¥, =902 = 2. (y; — (b, +b,x))* = X (y, -y ~b,x—byx,)?
= X5, -9 (-7 = sty) - B

e =y, - #i#A A (Residual) > v ¥ 0 * kg ek AR ¢ ehiR
WETF L o odrm 3t ? Fli g ~iid N(O,6%) » g2t~ % B ¥k
ﬁZ(gi—E)z AT kol e frEEERARE (BA) &
PR e ol Ay 2 B H Y ﬁvﬁi%ﬂg{ni_lz(yi_y)z b g
- BEERE Ak Vi kP AR B (THER ) &
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g 2 P EFRE S o LRAREER2A R o F XSGR

DA 2 REAFACE T A G2 R SR PR AT g Kowz SERE A

vl S Rkig o

BEFAITLR G 2 B
ool R AT R AL L BRSO AT AT T L
T 7 & OLS aiie jf A 47 enik A i E e

= i T Y IR AT P eh S 3 i £ & & 2 (goodness of

2 ARIE A RATE I AT SR A E (residuals) 2
¥ ¥4 47 (diagnosis) o fe i F A& fa Taw fF 105" 2 % 2 (specification) £
FHEE A ERIEN ZARES,IT -

REFAT T - - - RARF B TR O AT R o g
o AP FARTERET LR (variability) » @ 2 BT ¥ i
wfe (G F flfenfo 37 3 2 & RGRIE ALY B4 o 0 2 0 o 3 RUBGKR]
TRE o AR RARPERL VAR BERAREE T LA FaRk GRS
ProRARED AN EAfDT R ) B L P RS BT RS
g R TP R 4 fez A5k {e R ¥ 0B %k (outlying cases ; outliers ) o

2w * g = ) (histogram) §= Normal P-P (probability plot) &l % %

PlZ R TIEGE G ¥ AARDER M2 L FF R ¥ LB% ki
s ANEE R S B b H ORI 2 MR RARE B R A peA Rk
ABREOMERFRES o

WAL G A 47 2 5 % b SR AR RO 2 3¢ £ & (goodness of
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#3-2 ML et e s A
o S % w) TERIE (k) S7E (k)
%”f]ﬂﬁ’ ’t‘fié ’—F—-;—Fu
il BT 2 i
FE
g 3 %}ﬂ el B
Bt 2 FLiE 3 EFoR
Th g
B3 Bz 4 |FE taw IR 3 I5 4
FHEr FIci ¥ #5
:\‘%‘#\ /"*# ?' N
B\ 4 | 234 sEpe s e
i Fth R FH
U FRL
¥ I e '?E /PJ’»(%'I‘ ;}ﬂ ’f%i—
TFRIA L G AR R A R R WAL A TR i

o X R F AR E o A2 51 o3k (2009) iR dp R E 0F
S R G L
- ~ I B% 7 4L MAPE(Mean Absolute Percentage Errors)

_Yla-F)iA)
n (3-4)

= ~ I 35335° 3% 4 13 RMSE( Root Mean Squares Errors)

_ /Z(At - Ft)2
n (3-5)

= ~ AIC(Akaike Information Criterion)

|

=nINn(RMSE) + 2m (3-6)
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N=:+ 3 #p fic

f“;ﬂ] I'L -‘_L K ﬁit fﬁi ﬁit

R?:2| % 4 #% ( Coefficient of Determination )

SSR_ _SSE_ .
SST = SST (3-7)

FUGEE Yy BEYySunE 2 AR LT U ES 2Rl

A (P A AR ) e RS AR SRR & AR AR -

SSE: A Ry TR FEfry L jFR L iifR B2 F L AT
Soehiide o (& * a FAR kR et s )

SSR:y e igpliafry cddaiE 2 FF L 2 T2 chldfro (V0 *
Ak 3R enin e )

SST=SSE+SSR (2.5)

" g g Rz@;geﬁjf%ﬁiﬁ, Gl S Aotk i RREEE R -

FALE > P RFE Y RMSE &2 AIC & &3 B 0] ehe s + - R°S

AR S R LI A R RO g 2T g o

MAPE ficf 8 %t i 03] eniflipl it 4 — 40T RIBCA] BB % FE o

TR B S EAR  FERRREY M BIFRIHT S g 2 EF E iR
H35 o Lewis (1982) i #5 MAPE = /| #4438 R 4 A S w B % 5 4ok

3-3 477 o GIERIBA GuE® + 0 2 R® S MSE~ AIC 12 2 MAPE = ;1%

ERE L IR o AR R MAPE ¥ 5 fF IR A R

P SRR AR E BT o
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TR RPNEET

Ao LPHARFRAPREEAH L6 1 PR B
A4 e PR e AT B B R A A

— B s T35 % o~ T30 i 2 Tia
RrEBh BOEER s Tk » s L0k i 2 TIE B2 BT e
241907 o PG M AR EREFING TR LR A (£ 95
) B R R EURR (89 )R ); TR N ELEE B A
(2418 B » WSW)» H =t Ztat igh (235.8 & » WSW); AT 359k iF 3N
P EREE & (91lm/s) Hx i ERh (853ms); ATHER
G G RIERE T  f 25~29°C e o

#4-1 2 PRISHRRE DM TR A —PEREEF - THh e~ T0h § 2 Ti0E

. FAPEEE e/ Iiah »

e b LA Azt pu) | REBERCIE)|(BRRE) |[THELRE (M) T3EEE(C)
Bz 2 | ¥F14r [2006/0712-0715 67 141.18 6.23 28.30
L5 2 | +3x4k |2008/0717-0718 44 205.00 4.73 27.01
LIS 2 | ¥ %50 12008/0912-0915 89 241.80 3.77 26.04
BT 2 €% |2008/0927-0929 58 141.38 7.87 26.32
BT 2 #4-  [2012/0731-0803 68 167.50 5.14 26.65
BT 3 /4 % 12005/0716-0720 77 201.95 8.53 26.22
BT 3 3 {1 |2005/0830-0901 52 158.08 7.62 27.19
B3 ek 12006/0723-0726 52 134.42 6.58 27.94
B3 4% |2007/0808-0809 26 128.85 4.26 27.54
B3 Bt |2007/0816-0819 67 166.42 7.69 25.98
B3 b & |2008/0726-0729 58 135.34 9.11 26.80
BT 3 | ¥ 4% |2009/0805-0810 95 186.84 5.97 27.13
B 4 ¥# |2006/0808-0809 22 182.27 4.92 26.48
B4 ta® | 2007/0807-0808 31 235.81 3.12 25.61
S 4 | errt 12010/0917-0921 58 200.34 6.14 26.34
Beji 4 | =350 | 20110827-0831 84 178.93 3.06 26.15
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=~ TogEk s AT Ty R TIORERAR - BaE
FEWRRE TOEL BT e Tog B TR RE B E 2 03
PR dod 42 47me® g ) R T IOZ BN R A R G 00 8 & 2128
Cendell ;T g Tiog BRIVGR355 980 hPa r b » w1 FHIATRER & B
5 (1253.68hPa)» H =t & =7rit g h (1155.26hPa) ; #-T 54p ¥R B IR
Frodh B % (93.96%) H = L5k (93.85%); i &30
i REehk 5 F (4045mm) > H = 5 Flaggh (351.9mm) e

#4272 PRISRE M T A - TR R TH5 T 5 & TOpHER

s g

Bw |Beh LA THBECC)| L5 T 6 5 B (hPa) | Tiofp4R A (%) | &= £ (mm)

B 2| At 24.10 1253.68 79.24 43
Baim 2| +3c i 24.45 997.64 86.25 209
Baim 2| 3 #5 23.77 994.24 87.94 120
B2 ER 23.68 980.59 85.66 250.3
Bs 2| FRP 23.71 987.54 84.21 250.5
Bais 3| 4 23.59 989.39 86.60 484
B3] 31l 23.54 990.19 81.79 393
B s 3| gk 24.19 1001.02 80.69 745
B3| i 26.43 1000.27 93.85 53.5
BoE 3| Frha 27.89 985.28 93.96 351.9
B3 BR 24.83 993.00 89.83 404.5
B e 3| ¥f 25.18 1053.74 89.77 147
s 4| FE 23.10 1001.32 82.86 192
Bz 4| dat 2353 1003.13 92.81 395
B 4| mrma 21.89 1155.26 77.34 242.1
Bl 4| 33530 23.60 995.71 86.11 45.2
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iﬂm‘&:;}pgr_z * ,_lj’;;%&q:.u 3 583 ,4_lmijﬂ;ﬁ}*§|/

Boig o TIOMHBAR MBS 3 FEhF 0 TR EUEE3 LA o

%4-32 3 4L Hh BE AR S 4T A

"V

B Wk | RERFTCIR) | THELe(REE)|TERE (M/S) TiEE R (TC)
BJE 2 6 65 179.37 5.55 26.86
B i 3 7 61 158.84 7.11 26.97
BT 4 4 49 199.34 4.31 26.14

Eol 4 17 58.33 179.18 5.66 26.66

- Tioa TG § R | Ti5pERAE | Ti54a £

T35 8L(C) (hPa) (%) (mm)
B 2 23.94 1042.74 84.66 174.56
B3 25.09 1001.84 88.07 273.00
BT 4 23.03 1038.86 84.78 219.00

E 24.02 1027.81 85.84 222.19
BoOE BII2-0 SHAINE R G L

§ R T A

- SRR E A
%44 5T 2 TRl RSN 2 WO R o TR R ehi &
BBl 75 R 0475 AR Y RY B3 3R B R e
Al HR AR AR AT AP AT RETUERNFEAR T UERF
P BN PR 4 & BSR4 o
F4-4 BT 23F iR AU B RO 2 HOSY 2 ik
[ R R? B R b R
1 410 175 156
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M 4D SEZ2TRMME FHSCEE RS R ATl R 0 A
LTEFp MM LTS EF ORI S T g W FE G 8.934
(HEAL~ A%4F ) > @ B ¥ 12 5 0.000(<0.001) » = EHF K% > i 7 &

S FRC AL G MF R A -

24-5 B2l IS 2 H TS SR BT

EEE T3 e df | Tmr=24c| F | EEFP
i fF 1778.430 6 296.405| 8.934| .000%***
1 | &RA 8360.958| 252 33.178
% 10139.388| 258

B 415 B2 2 IR ALK B o HF BALA SR L
F ’—fg‘ﬁ?z}_ ﬁ'{q-\”# Aﬁo, g]l“:g]_p %L@%ﬁ{)ﬁ%ﬁ‘ﬁ)— 45§7\§_;ﬂ’ 5
2 PR RACE A o T OUF DA 9 45 R & nE ML WA A s A e
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1.0

ER Rl E AU RE P-P
S FERE

0.8+

0.6

0.2

0.0

F4-1 5

I
0.z 04

T
0.6

BE RiEEs

2 j5 2:% Eﬁ: ISR TE I S w1

% 4-6 5 BT 2 TERIAUM R F OGS 2 bF M o

A A 0 H B3 A2 VeV A m AT o

]

Bz 2 & £ E(Y)=-49.434+ (-0.004) *h + +0.542* b i# +1.036*8 A& +
(-0.689) *& =+ (-7.609E-5) *#% T & § /&+0.451*4p
HRA
A6 B IT27F RIS EIE GG 21 G Tl

i Sl E (REFAL | tE  HFE
¥ -49.434 22.388

ke -.004 .004| -.893 373
b i 542 129 4.206 .000
R 1.036 .900| 1.152 251
P -.689 019| -750| 454
el S -7.609E-5 .000| -.166 .868
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g SRS TER

APERE 451 191 | 2.358 .019
S S GRS R A8 - AR ko - LR
e AR GHc e r K flo o fE RN E AL | i)
PRI AR A e F et s AT ¢ AZIE | Sl e o

WA A LRI R AR AN kT

- N EREEE AT

4

34T LRI 2P| FTEEE o

10% » & & R A Fx

15 4t MAPE & % 1.449 > -]

AT BLIT2TE R KBS

FRIWER P A R (R -
Egmp R (E@ma -F% |E@ma £-50R |FR)EHE
rul 1.0 5.25 4.25
rul 0.5 5.30 4.80
el 4.0 5.15 1.15
el 6.5 5.59 0.91
el 2.0 5.23 3.23
2l 0.5 1.63 1.13
2%l 2.0 2.18 0.18
2l 1.5 4.20 2.70
R 0.0 3.78 3.78
2%l 0.0 1.00 1.00
R 0.0 2.24 2.24
R 0.5 1.69 1.19
2l 3.5 5.30 1.80
Ry 2.0 4.32 2.32
R 0.0 4.69 4.69
R 3.0 2.60 0.40
Ry 1.0 3.91 2.91
2l 6.0 0.62 5.38
2l 3.0 5.23 2.23
2l 3.5 0.01 3.49
2l 1.0 -0.26 1.26
2l 5.0 1.19 3.81
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FE R RS G

PP B b Epa (R %
Egmnml g@ma d-F9% [E@a -0 FR)EGHE
R 75 1.82 5.68
2%l 1.0 -1.43 2.43
2%l 4.5 1.82 2.68
2%l 5.5 2.19 3.31
2%l 11.5 2.57 8.93
2%l 16.0 3.19 12.81
2%l 8.5 2.23 6.27
R 45 458 0.08
R 2.5 3.99 1.49
R 8.5 3.49 5.01
R 40.0 7.17 32.83
R 48.5 4.29 44.21
R 15.0 1.68 13.32
il 22.5 4.29 18.21
¥l 3.0 3.01 0.01
R 1.5 0.71 0.79
R 0.5 3.58 3.08
R 0.0 4.77 477
R 0.0 0.92 0.92
R 0.0 0.62 0.62
R 0.0 -0.93 0.93
R 0.0 0.63 0.63
R 0.0 0.50 0.50
R 1.5 0.62 0.88
2 el 1.5 0.70 0.80
R 0.0 2.08 2.08
R 0.0 1.57 1.57
R 0.0 0.48 0.48
R 0.0 0.53 0.53
R 0.0 -0.17 0.17
R 0.0 0.18 0.18
R 0.0 0.94 0.94
pRp 0.0 1.12 1.12
R 0.0 0.09 0.09
R 0.0 0.52 0.52

46



FREBR 1 ERER (R %
Egnph |gpag-9% |(E@a 2500 FFR)SHE
R 0.0 0.08 0.08
2%l 0.0 0.39 0.39
2%l 0.0 0.51 0.51
2%l 0.0 -0.88 0.88
2%l 0.0 -2.27 2.27
2%l 0.0 -1.98 1.98
2%l 0.0 -2.02 2.02
R 0.0 -1.58 1.58
R 0.0 -0.39 0.39
R 0.0 -0.52 0.52
R 0.0 -0.38 0.38
250.5 126.14| MAPE 1.44%

B BESd S RINE A W Y N
il

% 4-8 3 RS 3 T RIALIE SR L R AE R o TRTE SRS ig &
3] 0.207 -

w
|l
g
_1
“L‘Bl s
;*

#4-8 B T3 RIM IR RO 2 B4 &

B R R? A FEs e R
1 455 207 192
Ao 49 GRS IARAMEFHNEE TS R R RN L % o L

EAFuFp A ST EF RS T g FES
14.105 > & & ¥ 12 % 0.000(<0.001) » = i &g ¥ -k » Fd 7 &S fFHC

VARG BEIERIA A -
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Frd By AEEG

249 B3R FHSLE T R R A

5N e o df | T#HT=24c| F | EFiHE
i 6734.789 6 1122.465| 14.105| .000***
1 | A®A 25782.898| 324 79.577
ik 32517.688| 330

W 4-2 5 B 3 iR e AL ook BT 0

L
g
S
9
ol
N
o1
W
f}b

ER CPARLADPFLOFRBETVEPI AR RAFREEPT o

R RRE(LTEE AU RE P-P
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0.8

T8 06

0.29

0o T T T T
0.0 02 04 06 0.8 1.0

B REEE
W4-2 Bz 3w R i A £ hf iR
% 4-10 5 BAS 3R RIS B HESY 2 §F Chllee T g ) B ORS Sodie
FN A o HH AR R S R A N e
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