21

21

(Forecasting)

(Regression Methods)

Analysis Methods)

(Causal Method)

2.2

(Time Series
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(Regression  Analysis)

2
! (dependent  variable) “ (response
variable)
“ " (independent variables) “
(predictor  variables)
Y
X, X2, .. ., xk “
Y = E(Y) + 8
Y = 0+ P, X,+ P2X2+ ... + PkXk+ 8 (2.1)
E(Y) E(y | X,, X2, . . ., xk) Y PO + P,X,+ P2X2
+ ... + Pkxk X,, X2,. . . ,xk
( X;1, Xj2,. . . ,xik, Y, )1i=122, ..., ,
X, =Xj1, x2= Xj2,. . . ,Xk=Xjk, Y =Y]j, = 81 i=1 2, ,
(2.1)
Y, = E(Y,) + 8i
Yj = Po + P XMtP2x 2+ ... + pkxik+ £j,i=112,. . ., 2.2
L, t=1 2

1 E(S)) =0,i=122...,n



2. V(Ej) = E(e?) = a21i=1 2, ..
3. Cov(sj,Ej) = E(sj,Ej) =0, i fg ;i j =1 2

4, £1- N, a2), i=122,. . . ,n

(Ordinary Least Squares Method : OLS)

BO, B,,. . . , Bk POP, Pk
Q
b, ek = 0,0=0,1,2 ...,k
SPi
Q=24 =E(Y,-P.-p,X, -... -P_X,J
"P. +P,EX, +fc ix +..m+ p>1ix,1 - D
Poix,, + P, X? + P2£x,Xi; +---+ pkix ,x It . tp
PoixB+ p,ix,3X1+p3i,xf3+.. -+ p ixixL. ., ,
P,EX, +Pix Ik, +p3ix Ikk B+. ..+ Pvixi - =
Y," V V
£- e



1
b2 x 2 X X
X =
e B TR
*1
k+1
k+1
k+1
* (k + 1)
Y =XP+ 8
£
8 - Nn(0, lo2)
£1, £2,. . . ,E1
2 (N(0, a2))

Yji=1 2,.. .

Y ~N,(x[3,10!)



1/Y,

11

InY

12

13

logl0Y

Y

(Histogram  diagram)

yIvy .

1

(Ordinary Least Squares Method : OLS)

10

VY,
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E(Y) Y Y

£.
8] G
€1= Y1- Y, 8] g (=1
21' ’ )
(formal)
a e(/vMSE Y1,
X)) ( )
Y ( VY, IIVY, 1IY In Y )
(Weighted Least Squares
Method)
ax?2
X
[Sample Autocorrelation Function (SACF)], |rk] e, €2 ...,en
k (k=1 2, .. (Critical value)

Iy fn (Significance level) 0.05



Durbin

- Watson

(F statistic)

(t statistic)

1 (k

1

12
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212 (Time Series Analysis Methods)

(Time Series Analysis)

(Dependence)

' (Independence)

(Randomization)
3
1
(Exponential Smoothing
Methods) (Holt” Two - Parameters Method)
(Winter's Forecast Method)

1.1 2

(Single Exponential Smoothing Method)
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Yt+/ (/ =1,2,3,..) T:

YT()=ST=aYT+(1-a)ST, 5/ =1,2....

a (smoothing constant) 0 1
a a 0.05 0.3
a 1
" (Smoothed statistic) 1 11, 12, ..., ,, O
0
0 0 1

0=Y = (L/T)(Y, + Y, +... +Yt)

a a a a = 001 0.02,

0.03, ... a 1

(MSE) MSE a MSE

(Double Exponential Smoothing Method)

7] Yt+/ T+ /

: . | e i
YT(I):[2+ . )ST['!- | + 1a SRS

I -« - (X,

L1=aYl+ (L-a)sl,!
t[] =aST] + (| - a)ST,H

ST T 12", 1.221, 1.3 ,...10\

0" 0" o" 0" 0"
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2=13- 0
1=13-20' "

Po=Y-(l]i)p,

121(t-(T + )Y,

f31 = " --

1.2 (Holt’ s Two - Parameters Method)

YT()= 1+ /Pe

zave+ (I -a)f 1.,+ PT1-i)

P-X-T(ST-St-)+ 0 my)PT1

a(o<a <

Y (0< v < 1)

13 (Winter's Forecast Method)



«

(« 1)

Procedure)

(«1)

(«2)

16

(Winters’ Multiplicative Seasonal Forecast

Yt= (h,+ P,0St+ el

11, @1, ,

£1

Y, (0

( )
£1
=f@,+Pt)s,,., ,t=mm+q ..
A= «(yt/ISL.)+ (L-a)(0,-, +P,.)
P,=«l (A, +A.)+ (I-n2p,.
, =ad(Y,[A)+(l-0])S,.,

Y. () .o Py

«1l, «2, «3 0

A= (YLHY, 4. +Y)m

p.

YA, t

0
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2. (Decomposition Methods)
3
1 (trend component ; T,)
( ) (
v)
2. (seasonal component ; )
3. (the irregular (or error)component ;
£1)
1 (the additive decomposition)

Z1=T,+ S,+ £1

2. (the multiplicative decomposition)

Zt=T,*S,*£t
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(trend component ; T,)

k
k =1 linear trend T, = PO+ P,t
(seasonal component ; )
;= , IND.i
IND1L )indicator” ik t i
(the irregular (or error)component ; e ()
z,= P.+ + E 8i'ND + '
3. - (Box-Jenkins Methods)

LY, 27,01, YL, Yt+l, oL L} ,



{
Y
(¥11,¥12, . .
¥11,¥12
¥1 Y

a_2,...

at.1,at_2,.

”

CLU¥12,¥11, ¥1, ¥1+1, .. .}
t (¥) Y
)
Y141, ¥ 142, ...

(linear filter) :

+ a, + /lall+ V)2al2+ ...

¥1
a, a,.l,at_z, Co

(random shocks)

(3.1)

/,, W2, ...

19

(3.1)

¥1



AR(p)

@

31

(Stationary Models)

311 [Autoregressive (AR) Models]

p” [Autoregressive process of order p]

Yt-]li =0, (Yt.,-p) +22(Y,.2-P)* .. at M Y -Pm + a,

z, —~1z 11+ ()2z L2m™ m- . + mpZ<P+ a,

y =C+ (1Y 11+ 92Y 124 mmm+ K vy t-p + at

Y, -P, Z,,= Y, - (@ ... = 1-A2-...- ~p)

AR(p)
( 1Bz1l= a,
Bp(B) = (1 -(*1B - I, 32 ~«*1B")

BZ1=7 [, B2Z1=71>,..  1BpZl=171p

" (backward - shift operator)

p 1,2 3 p= 1,2
AR(1) AR(2)
AR(1) ¥1= C+ *, ¥, +
1<nr1<1
AR(2) : m Y,=c+ <$rvyi1sf
01+722 <
@ -1 < 1

-1 <02 <1

20



| mir ™* 3,110 7 21

3.1.2 [Moving Average (MA) Models]
(3.1) “
q’ “ g” [Moving Average process of
order ] MA(Q)
Y,=H+ a,-0,a,,-e2a,2.... -0ga,q

! Z,= e,(B)a,

Z,=Yt-u

egq(B) =(1 -e,B-e2B2-...-0,B")

(stationary) “ " (invertibility)

AR(p), P< (00) MA(g) 59 < @

AR MA
AR q 1,2
3 q= 1,2 MA(1) MA(2)
MA(1) Y, =1+ a, -0, a,.,
-1 <0, <1
MA(2) Y, =¥+ a,-0,a,.,-02at.2

0l + 02 <1
02 -0, <1

-1 <02 <1
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3.1.3 — [Autoregressive - Moving Ave

(ARMA) Models]

AR MA
AR
MA ARMA (p, q)
P q
Y= *+21(Y -] -V)+<h (Y ,.2- +..+y,(Y,p-n)+a, +0, a;., -6J11, -...-8, a,
? ftt (B)Z,= e,(B)a,
p q ARMA p=14q9=1
ARMA(1, 1)
Y, =n+7, (YLl - ) + a, +0,3,.,
1< NM1< 1 1< (9 <1
3.2 (Nonstationary Models) ARIMA
Yo /
In Y, X, =1InY,

Y, >0, t =1, 2, ,



Integrated Moving Average Models] (p, d, q)

150

8

3.3

ARIMA(p, d, q) :

1=( -B)dY,

ARIMA

ARIMA

«*,(B)W, =5 + 0q(B)a,

(P, D, Q)s P

MA , D

23

ARIMA (Autoregressive

KB)(I -B)dY, =S+ Gg(B)a,

AR,



ARIMA

ARIMA (p, d, q) (P, D, Q)s

24

K (B)tf(Bs)(l - B)d( - Bs)Y, =5 +¢,(B)00 (Bs)a,

0pbs)=(-05Bs- )BBS-...-()sBps)

(bs)=

(p, d, q) (P, D, Q)s
p, d g P D, Q
P q
MA P 0
d
AR
P q
Function) p k
Autocorrelation Function) (DH( k
k™ (lag k) P1 1
1 1 (Y,, YI+1), t = 1,
1 P2
2 & .AY Beeknnt . Bla: (D
k (Y, Y t+k)
Yt+2, . . ., Yt+k. 1 p k (()123¢
AR(1) :
MA(1)

Yt=5 + ~Y t,+ at

(I-05Bs-0,5B25 ...-0QSBos)

MA

AR

AR MA

ACF (Autocorrelation

PACF (Partial
2,
Yt+1,
-1 1
= O=
k =2 3
k =2, 3,



_-0%(1-07)

P = 1.0 20+ ° k=12,
Pl (DK<
p k O Kk “
" SACF (Sample Autocorrelation Function) "
" PACF (Sample Partial Autocorrelation Function)
P k
A Kk p k <Hw
p k Skl AR, MA ARIMA
ARIMA
ACF PACF
ACF PACF
ARU) p Kk k> 1 QK k=1
0 k> 1
AR(2) Pk k>1 <k k=1, 2
0 k> 2
MA(1) Pk k= 1 (K«
0 k> 1 k> 1
MA(2) Pk k= 1, 2 0 Kk
0 k>1 k>1
ARMAd, 1) p k (e
k=1 k=1

AR, MA ARIMA

25
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10

acf

ACF

ARU)

Exarrplel:%>ol0
A

k = lag

Exanple Il :

gi<o

PACF

pacf

-10

26
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pacf

> k=lag

pacf

AR(2)
Exanple 1 10
A acf A
“!l, ¢ v &
1.0 -|‘Ao
Exanple Il
10
A 4
lllll > k=lag ¢kk
1.0 -l‘.yo
Exanple il
1.0
| yrpppionin
\
-10 -10

— k=la°



MA()

Example | : 61< 0 10

‘)

28

pacf

acf ]

pacf




MA(2)

Example |
A s
T
Q, -
Y
-1.0
Example I
]JO
! pacf
k=lag <k
1, -1.0
Example 111
:I.IO = 10
I 4
k=lag O

10 -10

29



ARMAO , 1)

pacf

Exarple |
10
1 acf \
k = lag d)kk
Y
[ 1 v
-10 -1.0
Example I
A
‘ I | e 0
| ’ [ — i
Y
-10 -10

Exanple 11l
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p k
0 K , 2,3, ... p k (DK
@
ARIMA
SACF SPACF el= y,-Vy,
a k t
' k=1 2 3 k
k (Chi - squared test)
k
SACF SPACF
MA MA
MA AR AR

22



(Mr.

, 2539 54

5,000

J. Homan vander Heide)

2466

700

. 2458

680,000

. 2445

32



2491

720,000

221

. 2494

2501

25

17,775

17

. 2500

24

2507

154

33

2477

2501

2504



(gravity)

(arch)

, 2525 1 17 -27)

1*

34



35

(hollow or buttress)

(earthfill)

(rockfill)
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(intake)

(storage)

(regulating)

run - off river

(pumped storage)

36



37

(ICOLD)

, 2525 17 -27)

(Irrigation)
(Hydroelectric)
(Flood Control)
(Navigation)
(Water Supply)

(Recreation)

223

80,000 ' (

, 2539 :54)



13,462

3,000,000

154
553,000
7,500,000
1136 810
. 2506 . 2515
600,000
7,500,000
59
. 2520 . 2528

2501

9,510

3,000,000

1,950

486

2507

3,000,000

375,000

1 265

30,000

188,000

9,000

38



26.50

2507

110,000

. 2511

610

35.1

. 2507

39

135 ' 112
2515 . . 2524
55,000
73
263 . . 2519 . . 2536
175,000 87,500 '
800 2,263
. 2509 25,200
300,000 ' 2
42 1,966
. 2514 36,000



2511

700

7,800

200,000

521

. 2513

150,000 ,
2
. 2515
60
1,430
. 2528
324

127,540

40

70 8
188
140
33

2506

314,300 '

40.30
. 2507 .. 2512
, 50,000



575

3,300

2517

63,000

12.50
2513

94,830

121

110

84,960

520

2524

4.9

. 2522

12,000

. 2523

23

41

50
2506 . . 2513
20,000
29.50
. 2510
185,800
113,250
. 2527
30,000
1,500

. 2525
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68,410 ' 5,000 )

1
140
610 17,745 . . 2516
2523
4.118 ,
2.
92 8,860
. 2522 . . 2528
3.
58
760 710 . . 2504
2509 214,000
122,000 336,000 174,000

19,000



130,000

26,250

22

. 2523

. 2531

1,000

. 2514

2510

4,250

3,375

42

2521

220,000

240
. 2524
65,000 5

350,000

160

14

2496

. 2518

43

1,500 1 445
. 2525
140,000

32.50

. 2509

26.80
. 2528
143,500
1,400
2502

24 1,720



2532

5,640

300,000

110

24

430

8,500

2536

30,000

4,060

1,404

95

1

. 2530

164.7

761

85

2524

44
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