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ABSTRACT

In recent years, the rainfall pattern has been changed since precipitation intensity has
increased and the duration has shortened in Taiwan. Traditionally, the Taiwanese
government focused on the sediment-related disasters only, but typhoon Morakot caused
severe casualties and damages in the central Taiwan because of landslides, debris flows
and barrier lakes. In order to tackle complicated compound disasters, the Soil and Water
Conservation Bureau (SWCB) has identified 227 large-scale landslide areas which are
classified by the size and geological formation. Since then the SWCB has installed real-
time monitoring equipment and released warning systems which are based on the past
rainfall-induced disasters.

Although billions of dollars have been invested in large-scale landslide areas, the
SWCB is still unable to effectively release a warming alert of underground water level,
and there is a lack of relevant research and application related to monitoring data.
Therefore, the study adopts time-series analysis, the Auto-Regressive Integrated Moving
Average (ARIMA) model, to simulate the change of underground water which is affected
by the rainfall. Under the study, the selected S1, A1 and J1 stations are located in 3 large-
scale landslide areas D038, D050 and T003 respectively, in the Lishan area, Taichung
City. These stations have observed more than 13 years, and are located in major villages.
The study establishes 3 different models for each station and applies the data from the
typhoon Morakot which has the biggest accumulated rainfall to train these models. Then,
each model has input the rainfall and underground water data from other 2 representative
rainfall events with the highest record of underground water level and slope-land

movement to verify the results of simulation. The main outputs are (1) the parameters of
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3 models and (2) the models to simulate the change of underground water by input the
rainfall data, and the study aim to help decision-makers to issue a landslide alert in the
SWCB.

The results of the simulation show that the data from extreme rainfall events such as
Typhoon Dujuan, Megi, Soudelor and 15-days series rainfall in 2016 verifies the
parameters of the models effectively. The models of S1 and Al stations demonstrate
positive correlations between the simulated and observed peak and change of
underground water, which helps decision-makers to pre-release warming issue in large-
scale landslide D038 and D050. However, the result from the model of J1 station in large-
scale landslide T003 shows negative correlation in the peak of underground water. It is
assumed that the ARIMA models are specific to simulate one station only, and the results
could provide the SWCB to issue a warming alert.

Keywords: Potentially Large-scale Landslide Area, Autoregressive Integrated Moving

Model, Underground Water Level, Warming Threshold, Assistant model
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AT AT EE A wh(FF XHA R - K> LT IER A PR TR o
AT AR X TS - R w HER SR TR RoFET A E LD
e bz MR PR AR KA L R R TR V"I%\’
BB AERD AT R e REASE LT L R T
SEW RELREE o R ERP R B BRTER LTI A o
324 B AR

AHLE FNBEME R PR MFEE RO FEE SR T

S

E-
=
=
h
i
e
G
-
I
*
i}

FRAEZSY P LB FALTOF 2L A% AREI

A
N
TR
W
RIS
"
W
»
-
ETR
She
:“\
B
.3\
w
R
?ﬁ{.
i

i AL E R MM A AT R E A
ML RS B MHE TR RS LA SHPRS T D 47 IR

PR T o
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$ri FHRAFY S

41 FRIFHAE

RPFFIEFRY LI E L FAE > HEE N T AT
Y = Bt Y BiXi € (4-1)
FRPY SRPBIE BB E R b X ERVAREY 2 %o e 7R
EEAREL AL B Aok ATOTR AP e PR F]S P g2 e o fe s
(4r 4-1 % )#5E 5 T 7B 4E (Pankratz » 1991) :

1 @ ARIITHY > X, 87 & £ T8 BB EY, v &7

énhn
g

2. BRIEY,? EE I - PR L REXPF > 7T R LT SRR R
X1 Xeegrd B

3. AALEeT i f A AAM e~ RRIATHET]? TFELABET
-EERZAET M
411 PER A FIR%

PR 7 71 (Time series) #dp — i ¢ LRI EHF| SRR Fda e % HHA T &%

p % 4 & & 5t (Dynamic System ) SERFRF & 1L o @ FRRITA 2 AT R 2 BURIE
FE PSRRI R A KV b2 kg o p 1920 £ & Yule & Slutsky =

(a4 ;F'k BOPEFEREI 1722 %2 42 7] 1970 # & George EP.Box £ Gwilym

M.Jenkins & =5 4 3% 1) BHBFRLDEFREI 2N RS pRFS

\.‘..
iy

A £ (ARIMA HE58 ) P s BER B B 7] A frid & bl " 20 AL 5 - b

WD AT DRI FRPEEAE T LR
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FooEmEa ORI R ESEPITH RRF - SIS T8 P
K3t IR % 4 ME 1% 8 47 (Stochastic Process) e PR B 71| d 3t B PE R i de 0 B A s
FTEERE R - B0 EA TEIIHA KREZ - BREASOEE] X e
TERRTEF L PSR R Fr I AR FERERAK L KA A B R
JAPEY FLOERFTRF TS T B FRDD X Fe kL
ST ETNF AR PR UBHLR > AETETE [ FL A RapT
R TR S R Y 2R S TR R R R TRk
Bihx BpER g RAPM > FIU G & R R SRR FIRR o

FREERIIGERPIFHEERY - FRRRET TR BATRAGFTF LR
HoprARE > AP P ARITH G TR E R 7| (Stationary Time Series) o #F

W TRANBFR A EN TG u B RR o’ EER D e o

= E(Z) o (4-2)
02 = E(Z — )2 o, (4-3)
AP ERETH FRESY 25 BPrESSKZ B Z ek BPFA 2 SRR

Hv % p AT %R B (Autocovariance) kP 0 H B E N 4o T srT o

Vie = Cov(Zy, Zeyr) = E[(Zr — ) (Zpsie — D] oo (4-4)
g3 p AT RAESTRIAA TWREZL B, 2 Him2 T2 k7 g d

R EF L ) A BRI Ft R - RERRE P A R

(Autocovariance) i 8P| R BRIk 0 H BB N Ao Ao

Cov(Z,.Z, , ) Y ws

_ kT
\/Var(Z )\/Var(Z ) \/70 Yy
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FRWop HANE KRR A P FAA SN2 B {2
f 3% 4p B 3 #i(Autocorrelation Function) » #§ % ACF -
- BEHA AN Cov(Zy, Zey) = Cov(Zpyy, Zt) = Cov(Zy, Zpy) 775 HHE
kzpe=p_j AR TFERFARIAFEFEEEHULK02p, 0 7 BFRAPIE K BF R
RS R HCR 2 A AR iR o

4,12 T A FRF E 7

4121 pw ﬁﬁ?@ #% (Autoregressive Process)

R PR A FI e AT 2 S AR BRI Z T AR S S I A 2 R
GALE SR A T
Zt:y+‘{’0at+‘{’1at_l+....
00 (4-6)
=u+ Y Y.a .
P R S
j=0

P RE-6)F g s Tk W A AR S a T RA O HPLES O
FPR¥iol 2 RARI TR LEWREA S 9 ¢ T i 42(White Noise
Process) o d (4-6) ;¢ » ¥V App|EVT (v H F A EEL 2 FFA KL T o I
—iE AFEETES T
Z =CHRZ,  +hyZ, oyt B 4-7)

AT AR Z, A L T R B 4 R A R B
Fot 5 (4-7) #5 B At fFiE A2 (Autoregressive Process) o £ % i>p P 0 £ ¢ =0+ Rl

Aot 5 plep e iFEse > 25 AR(p) ° 54~ - BHBELF B L&

36

doi:10.6342/NTU202203778



B (B)Zy = C 8, oo (4-9)
24 6,(8)=1-4B' ~,B"..~ 8"
4122 # & T 35 42 (Moving Average Process)

P PR L MLEALITT F (4-6) S A7 0 RILFH L A(46) £ P L T
HRt £S5 H o A0 B R o RALGR 0 H TR BT ARRITE - T A
FarRr R G oo 5 WAHEHETH QBT S ot § >qF o FWj=0> RI@4-
6) FHE-% L

Zt =pu+a +‘Plat_1+‘P2at_2 +...+‘I’qat_q

....................................... (4-10)
LERBBHBTEEE 4-6)1N2 73 o0 B (4-10)582 i -0 k2

Z =u+a —6a .—6,a -..—0 a

t t 1t-1 7272 0= 4-11)

(4-11)3V fi 5 TAL R 71 q FF 2 # # T 3215 42 (Moving Average Process of Order q) » #-

FMA(Q 27 HFBEAEFFREH 2> > tHqEFRFFREA )L > &

PRBEIMAFS > H@-1) AT @FE

Zy =+ Gy (B)Fa e (4-12)
2o Qq(B):(l—é’lB—Qsz— .......... -6.B")

$-LERTHLEREED A ¥ Rk USRI AR

37

doi:10.6342/NTU202203778



Order (pa) ) * i #: ARMA H5% » # s 3¢ 3

Zt:C+¢1Zt_1+¢2Zt_ +ot Zt_p+at—Hlat_l—ﬁzat_z—...—ant_q

B3k AR(D)BAT 1 p B2LF g MM k2l B9 g 5 kg A

B AT B B Gl fv gy B - B LA S ST

L T O B ]
AL A T A P
Py 1 Py n Pen PP

B = K2 X=3 L Kl (4-14)
1 pl p2 oo Y pk_l
p.l ].- p'l e P pk_2

Pk—1 Pk-2 Pk-3

*’:t:?a—¢]d( BOTPRRFER kK 2 S RIFZ B P A4 B S Bk (Partial
Autocorrelation Function) » #.v w3 *+ $#£:E42 (White Noise Assessment) :37f Z_E3k

el 95% R R T ’%‘ﬁkk YN

1
n

EET g 2 % B A Var(g,) e
LR RIAERBE > R TRE G =0 2 B -
4.1.3 & T_+ 3| B 7| (Nonstationary Time Series)

ARMA #\$E 2 PR TR 5 G R hfafad - ek > v 5

A 5 TR 2 A AR RABE S F B bt EH A 5 T R B E o B i

2
LR AN P AT SRR A A ATE AR OIE o Flt 0 R ARR A
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B 7] > £ 4~ (difference) £ ¢ H 8/ ¢ BT A A 200 LFHAILS - BHR-
A 4 i& 8 & (Difference Operator) #c¥ ;% @& 5 M T #77 ©

VZ, =2 -2 1-B)Z,
=% %1~ U-B) (4-15)

H- 2R AFRF A > BRXRLEIHES dXLL (P07 %5 T4

A7) BT 2 ARMA H5S kA7 20 Aot 2 WSR2 B (pdFE B E 2 A

e

ﬁ? #% B T 35458 (Autoregressive Integrated Moving Average Model of Order (p,d,q)) »
24 ARIMA(p,d,q) » # ¥ p#77 p it fFiae2 fde - d 3 L4 Hk q 47

LT AR Pl 0 ARIMA(DA,QH R T * 10T 58 X (4-16)% 7

d _
BV (2~ 1) = 0, (B)a e

42 HFEx3E

4.2.1 fio5\ #ET

ATk RELP dofe 2 T ARIMA #5589 pd,q = B2 f e, B2 vt
g 3% 4p B 30 #ic(Autocorrelation Function » f§ #i£ ACF) % i g 3\ 4p B 3 fic(Partial
Autocorrelation Function » #§ £ PACF) & &35 » S 8E B~ B RE4e™ £ o

# 4-1 PER AR 2 S8l B

ACF 2 PACF 2 [§%; E RN
ACF # PACF ¥ & 5 A2 2 EH ARG M

ACF % rivrij % » @ PACF % lagl,| AR 3

DR RAs 2 4,(B)=1-¢B—---—4,B’

9 e
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PACF % #ii#i) 4 > ACF % lagl,| MA 3l

2,..,p P RAZ X 0q(B) = 1- 6B~ —6,BY

4,(B) 0,(B) -
ACF % lagl, 2, p G R4
# PACF +* ACF & ij 2 > pl:E ¢, (B) » & 2
“gis) 4 5 PACF & lagl, 2, ..., q
E#0,(B) FREY A RT EE g (B)L
PR oRAz o M4
0,(B)* » ) o E A TP F b

ACF 2 PACF & % % L #ic™ ' |F ¥ ¥ 42.4,(B)% 6,(B)

q

( F AL %k, Bowerman,1994 )
422 1 p 2 4p B S fic(Extended Autocorrelation Function)

P B 20 TR lcyp A AT P 0 S BB R - H i p AN Ap B S0 B(ACE)
2 N2 B & T IOERMA)SIF G EERE 0 A ka2 4p M S0 B(PACE)
E S AT FEARAR) PR 7 e RS AR S R AT F L
ARIMA #3138 e 5 BRI 2 24704z ¥ % k447 51 AR(p)E MA(q)ihHs =
ACHE 2 R AFT A AL APEAERE S DRITREA T REFTES S & RAR
PR A AT B TR R RS R & 3] ARMA » # ACF &2 PACF
NI RGBT R 0 FR p 7 q PR R REREL E ) Tsay ¥ Tiao (1984) #%
- fEE R ETEA Y E T e Y ARMA N E 2 i H 2 k> 2 2 {1 £
f S E ok A 4R E ARMA B A St §F Glleen S st B3t 0 bR S p A fEag
ERFEARABS| P AAph Sl B p A APM S ficeh- RS LW g A
& fc (Extended Autocorrelation Function » f§ i EACF) » * 2 2 * kK $2 &

40

doi:10.6342/NTU202203778



ARMA(p,Hst ¥ B+ ehpq =itk 03 * et L o H 2 K407 (BB 0 2004):

) = X, = 3 00 Koo (4-17)

49 0 (X}47 5 - ARMAQ.QFHA 7 » 0 % 7 AR(m)5i8 % j = ik ff

B WL i R R E - 5 pUOAR R B (YO R hp M SR o

é_?ﬁ;ig:;,]é » H E - pﬂfrq HIF IR s @ j=q’ qt+l > q+2....... {Yt(j)}g
- B MA(Q)PHE » I B Tsay # Tiao(1984)+ # M 1 p™ & % KT 5| S0l I :

Pqp) 0

#+ Qﬁ“li“;‘{, .
®p f’bﬂ T{p](p):(),]:q+1,q+2 ......

p ,
p%frmfi;;'r{ Piamy 20,0 =m—p <j—q

p,-(m)ic(m—p,j—q),o <j—qsm-—p

T S R e S R LR R E AR T E s
e (mtl, B A o Hd om=0,12...... 0 =12, 0 g 2K 5 A
B S2 E Y 8- ARMA(p,q) 0 F B A FRE T AR

%42 W p PR SoBcE

| T q g+1 g+2 g+3 ...

icheke
+ +
N
R R ey
o <K .
L <o P
JNoo oo .
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’(

SRR B ot WA p AR M S B 2. ARMA(p, @) g

¥¥¢7 @wfgﬁ;¢£¢wohﬁﬁ“¥7B“w%w&$ﬁ 70 i ¢
Bogeld FHE LS ¥ R A RTFRFL AL RAp AP
Ml L MRLEE PR REIH Y F RREEEDAR Sl E 2
ERAE N sl N I RVE Sy (Sh SEE SRR B AR E L EAY 1 5 SE g ) Y A
WARFADTE 2 Sl F R PR D FG 2 FE (PR A
ARMA(p,q) fiesiefieae i g Aqpl Sfced & > Y F¢ 2 0ean®Bd =8 » B
K, QB c(QFERY 5B 0> GEATESET A BRELAPN X BA A
E s BAREAL o
423 ;N 72

FREZ FTHREANE TN pdq FHES - F Uk E Sk
(Maxima Likelihood Function) & f & 3L A 72 Sk EPiic @ o $Hot f 5 2
B0 B R 1T £ At A P FEN| S E AR S BT 28T R A R B D
FEMEF R AT ¥ L2 2RI TSR L 2 H A A

Mo Sl ¥ LenfeB% > 28 70T A

F ARIMA #5823t i@ 5 S RIAA £ 382 a p A 4pM 2y &

1
Jn

AT R B THERL 00 P RELRG

o

- W (@) LT A R () LR LS R R
n
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i
4
=
A=Y
b
~=h
A
(g
%
B
B
=
Nl
At
W
~
i
=
o)
g
oy
o
3
o
|
2
)
=
T
=

bR QMR A RS kpqenX Apoddon s gt
Bl k BIZA S35 f Ada M el Al FAPE Q @]

X2(K—p—q) » Bl 732 A FIAE enfst 5 @ 2 8% 5 F 2 RIS R A £

- FHREHTARIMA B8 k3 F R s 5 BHGN 2 2 2B & iz
T Pl B R DI 2 8 & el (overfitting) B & o B BC:N 2 1B A R A8
() FHEEANLY,=b+ctta,c TAA2Z P EFTHRF- FEL 92

FAHN ORI BRA IR o R RS IR PRSI R ARE

LR F TR EFL PR 2F A RAFL2Z8% AL ERSSH G R R
* Akaike *t 1973 # /1 B - ARGV 2B 2 2 R BRIRE IR S ¥ * 0 AIC
(Akaike’ s Information Criterion) » H Z_& f#£if 4o @

AIC =n(Ino?) +2M

F3N(4-19)F o B on A TN AT S B OB M B B Y ¢ Rl

WES L B RER  BIM 5 q 2 p Sl & @ AICM) 5 ) -
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4.2.5 $& 3 S0 Bof 5t

St s 2 H i ARIMA 6 2050 W3R A 7Y R ich VIR 4
HEZFR AT 5 48R o A &% & & 5% (Dynamic Model) k3P > § 7L
B 73~ (input) #F#c X &2 & J(output) FHcY B2 4p R 1E o § 1@ * & i Host P
REXFARUIE Y ¢85 535 BEFY DIF 0 2 XEY F2 &gl
& $c(Transfer Function) ©
4251 = 2R 4P SHcA T

B AFTAE S| N LR g P BB R VR - 2R 4p B 3 Bi(Cross

correlation function » f§ £ CCF) #| = 2 - it % { Xt y e {Yt VR D LM 2 R

Lyox v g 2 2 @ v -
9_'E—‘1’_~_‘L1;b ~ )y 3 = ~ "l_ﬂ'—’ 23 5 .
B BT L RRACE 02 02 RIAT R

L% B77° > {Xt}l:"i’{Yt}#EW%i% kpprip,> HAE7(2 p ¥R Hcs @
7 ) = ELOX = 12 )Xy =1 1= EIOC =2 WX = )] (4-20)

7y () = L0y =21 )0 o =0 M= ELCY =21 )0 = )] (4-21)
25 B2 X GEY PR Ak BREAR > HA S22 3 A HG
7Xy(k) - E[(Xt _’uX)(Yt—l-k _/Jy)] , k=0,1,2, .......................................... (4_22)
3A AT Y XA ARk BRELR . B AL 8 T B

7 0= EL0Y =41 SO =]+ K012 (4-23)
- SR 4 Fé“%‘éyxy(k)ﬂyx(k) ' 7 E

VXy(k) = E[(X _ 4, )Y —uy)] = E[(Y —ﬂy)(Xt_k —n)]= yyx(—k)
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RER RS 7 ()0 K=04142 Ty () 0 K=04142, )
A FALEAI L AEBEROR IR T RE Sk
A F B X SRV P IRFA K BRFLF - H A2 2 A M TS S

7y (®)

WO oy’
st {pxy(k),k=0,i1,i2,-----} FHAEEA L D A E R LA AP Sk
FXSEY G EIY =12, 0 5 e pF g B ERAPERL L ko RIPT
Bz AR jph Gl i o T LT

s Xy(k):ny(k) R T R (425)

[Cy(0)Cyy ()] 2

X c, (k)—f Z (X¢— X)(Yt k_Y) K=0,1,2, e, (4-26)
Nt

k —
C, (k)_l —ZF: (Yt_Y)(Xt—k_X) s K=0,=1,=2 e (4-27)

NN

N

XY HHA XY 2 T¥aE o 2 SX :[CXX(o)]y . Syz[ny(o)] T ET

Cyy (k) _
-\ — Xy s K=0, 0,22 e -
;N S;/Xy(k) = Asy (4-28)

FARTAEA ORI o2 H R AP B S S}/Xy(k) vk =0,£142,........ }

Sy (k)‘> 2
WL ES R REEL %/ﬁ%‘ 9 ER s MY, )
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BRGSO T RBIX 2 AU L ke A7 59 R LB
b2 BRRTE R RALE (X B TORERARL(Y, ) B M R L kP

A2 BARMIEE S P EA AR RERATHAE K BHREITIELE > 4 € RBIET

-k ,’11%@ °
4252 i sdks AAPEL
ok SRS T TR LY A SR B H% 0 ) X jEf s Upz s

BTSN P F e SR e

L § R N OO (4-29)
£U, =0(B)X, & » (4-29)
Y, 2 D(B) X, A Ny covoeoreeeeeeeereeseeeseeeeeeeeseseeeesessseesseeseesseseseeseessesseeeseesseseseesseeseesseeeee (3-30)

bk cipdo(B) TR S & S X ST R B 7R £ i (Impulse Response)

ki R s
HE(a,)

T
oB)
P(B)

FHA
(N)

. B X, AEZ
BANX) D wmawntx | pabao
oy - EH(Y)
5(B)

Bl 4-1 i H ook s fsd BI(HRF < 0 2003)
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- AT SR VAT IEA T D B 4-1 R EEF R O il X 2 AT

J%ﬁmfw%$’*+@ﬁ#m&%39ﬁ1%w*ﬁﬂ

A X BT
B A N AU 2 T EAN, 0 £ EA E

y - @B o)
5(8) """ 4(B)

w(B)

£ v(B)= 5(8)

BU AL 3 H5% S Be(rs,b)Ff 2 w4k Sl 0 H & 42

[
"
e

(3)b Bl 5 FALF AL 2 T 1
W (4-30)% (4-31)8 167 4

(v, +UB +...)1— 5B —5,B% —...— 5B")

(- B @B @B (4-32)
BHF(4-32)5% 5 ot H S Sifcis v e

v; =0 j<b

V; =0V, +..0,0;_, + @, J=b

V; =0V, +.. 00 +O j=b+1>b+2 > -+ > bts

V] =0, +..0U;_, JPDFS (4-33)
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4253 #HiSBcz BN ET S 2
Yo TR AR 2 B g? PR RSB 2 ACF 17 5 RN fdkE T 2 T

2 f 3k Sofcx Bt 2R 4p M S0 8i(Cross Correlation Function » #§ # CCF) % 2 42

i
k-

PR REF LTI 4L i

=

WG 2B EAE 2 e AR 4T
1. #X 2Y3F4d k3 it (Pre-Whitened Noise Assessment) > i ",f ToARE &

BRT chF B E AR o

¢,(B) ¢,(B)
= DXL X0 B =TI EN et 4-34
t HX(B) t IBt QX(B) t ( )
2. FEFTHRIaE LR Sfie ¥ MG H FF R RSk
A
A Uﬁ A
U, :Taaﬂ(k) ..................................................................................................... (4-35)
o
a

A

3. ﬂ%@ﬁﬁ%w@%wfw@»%iﬁﬁﬂ@é@ﬁi“?&mi%@ib
BE~sEriEe
4. WRERFHAAY PRLALT P60 R R F T R LA ARIMA fi
Az F 4R

_0(B)
VO

4. EATREFRANL BPH B S8 iE 2 £ 2 ARIMA H5¢ o
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4254 & jz4 7 > ;*(Corner Assessment Methodology)
WAL ARE R RO S A AT R ko R R S0l 1050 Sl 10 e >
ENZA IR N 5T 3 R SEFFHAEALTFE o < A% Live

22 Hanssens 7 1982 & #% 112 & X 0473 2 » R 258 ¥ #3502 (r,s,b)F4 4

9

BT LA E B TR A 3 28] el 42 it 2 o

(4, 7) 1 2 r—1 r r+1 r+2
0 o o0 --- 0 0 0 0
1 0 0 0 0 0 0
b—1 0 0 0 0 0 0
b X X X X X X
s+b | X X X X X X
s+b+1 % * .. = X 0 0
s+b+2 | * * .. ® X 0 0

Bl 4-2 &R 2 2w 2 50
4.3 1 ARIMA 3|4 s B0 g 3BiF (%
43.1 ARIMA ¢ & 3% 30 ez 3E =
EREFFRRLEELR €k FEALY A HITE A RIHBBER T E T L
5

$E2 LEEERENCE,

Jep® Mo A R 20 1 4 P2k (D038-S1 3 ~ D050-B1 -2 T003-J1 #k) > #-

Bg# A vdp ERFTHENE B LLY D T

=
m

For(input) k= FA G 3 ERSH-PFEERE R - PR TOREFR LA
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o FEFTHEYITERZ AABERE S 2 PR 2009 F B E R
BIEE90 F 497 FREETHE AEAE SR T EIFL A %RFE & 2HP4E 2015
ERHFIRE ~ FR P ER ~2016 EFERE 2 2017 2 P pR ER EE BT
D od AR ;E'J‘:‘Lﬂ,f 200 # E ek 2 ¥ H TR T 22 A R BT K
FARMAET o AP TGk By o B T oRR A B 24 ) R
Ad B2 F R Az B ARIMA 3] - 224 ARIMA 3] 7 A & 07T 7

d-P‘;,EﬂF v FHmiE ¥ S ARAe @) 4-3 fror

1 P83 TRl 2 Rt £ 2 3 TR BPIFAL

2. @ Rudpdt ToREFH o R ToRa R 2 p A iS5 B(ACE) R
% iy p 240 B 3 B(PACF) R4

3. fpd R RALEPR L AREFAALESTRYFMIET

A PFEFES) > AL Z IR RAEFE A S L T4 o

4. F 1@ p AAp B S B(EACE)$S 1) 3 Bupl=b 03 ¢ ¥ T ok = & = e(p,d,q) %
oo R eSS D i £ 2 (pdq) Sl 0 do R 41 4T e

5. v SofceriE 2 REEA R B TR £ R (ns,b)FF S
# o

6. Ml AuR Y PEL NAPEARTRFLIRE LY T
2G HE AL (MAPE) Y 2 3940 5338 4 (RMSE):® 5 FR R3] 2 & »
FAERMESFARL 2L (rsb)FF e Sl drdk 42 975F o

7. FERRE #k ARIMA #7734 % = 18 > 2 & 3 & 47 5 88(Galena) 17 Fregs 7 -
FiRh EITA W R R EL R 6k IR P FIE SRR B
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A A B8 BRI

B R

B4-3  ARIMA #-3]2 § it f2

432 % i’ﬁj}'g‘fﬁﬁﬂ%ﬁi‘&?ggﬁfi
LMANRL FRARETE L > FRYEORAS €Y PRFLE & LA
BN R LTS e S AR EA EAT NG oeh A R F L B

LA FIE AR L ok AR A RGERT o LR 0T

0P

bl

P F AR S R L M A

=
=3
®

P

51
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2gE i £ ARINA B3 iR S 2R R E T AL R BRI Ee o i

Wi

LRk ARIMA #0310 & 5% ikdg > &a @R L RTF & F S Pl g 30 L%

s
o

Byp b MM E A EE RIS R BTy BRI A SR Wk 2 g
R B RERIBE 2T AFT R G ELR £k R H S

RPPFEFTHEFLFEPN BRI TR TR 2Z 8 TRk ELSL

Bies Al HEXMEGBEHSE FEFHFL, 58 (Galena)E = 2 A%
B FuHBE R BER TR TRR B AT ER AL E D AT R
FEDEFL AR E BB TR AR B2 TR0 1R IR E R Tk e
Fre 3R adra @2l B % >tk i BT Fla BRI T M
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