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o JLTZ %1 (geometric sequence ) Fl1 45 % b %4 (expoential func-
tion)
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Augmented Dickey-Fuller Test

alternative: stationary

Type 1: no drift no trend
ADF p.value

-6.77
-5.51
-4.89
-6.26
-5.51

0.01
0.01
0.01
0.01
0.01

Type 2: with drift no trend
ADF p.value

-6.74
-5.48
-4.86
-6.23
-5.49

0.01
0.01
0.01
0.01
0.01

Type 3: with drift and
ADF p.value

lag
1,1 o
[2,] 1
3,1 2
[4,1 3
[5,1 4

Tag
1,1 o
2,1 1
[3,1 2
[4,1 3
[5,1 4

lag
[1,1] o
2,1 1
3,1 2
[4,1 3
[5,1 4
Note: in

-6.71
-5.45
-4.84
-6.22
-5.46

0.01
0.01
0.01
0.01
0.01

trend

fact, p.value = 0.01 means p.value <= 0.01
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Box-Ljung test

data: vy

X-squared = 43.837, df = 6, p-value = 7.964e-08
Box-Ljung test

data: vy

X-squared = 51.708, df = 12, p-value = 6.982e-07
Box-Ljung test

data: vy
X-squared = 54.476, df = 18, p-value = 1.547e-05
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e stats::arima

call:

arima(x = x, order = c(4, 1, 0), seasonal = list(order = c(0, 1, 0), period = 4),
transform.pars = F, fixed = c(NA, 0, 0, NA))

coefficients:
arl ar2 ar3 ar4
0.4449 0 0 -0.2720
s.e. 0.0807 0 0 0.0804

sigmaA2 estimated as 0.09266: log likelihood = -26.7, aic = 59.39

o LAY

1
1-B)(1-B*)x, = Y = 0.09266
(1-B) ( ) %= 044498 + 0272 o YVaren)
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Forecasts from ARIMA(4,,0)(0,1,0)(4]
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ARIMA T Ei=8

o JHIHMKMEH ARMA(p, q) H2HL
o ZEATHIRMER SCEAMIKE) KA ARMA(P, Q) $2HL
o FHHAFHICPERIZEAT RN BA AR R

dwD . _ @65(3)
VS = 5(8) ()

®(B)®s(B)V'VEx, = ©(B)Os(B)e,
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Augmented Dickey-Fuller Test
alternative: stationary

Type 1: no drift no trend
Tag ADF p.value
[1,1 0 -22.81 0.01
[2,1 1 -12.52 0.01
[3,] 2 -9.79 0.01
Type 2: with drift no trend
Tag ADF p.value
[1,1 0 -22.79 0.01
[2,1 1-12.51 0.01
[3,] 2 -9.77 0.01
Type 3: with drift and trend
Tag ADF p.value
[1,1 0 -22.76 0.01
[2,1 1 -12.49 0.01
[3,] 2 -9.77 0.01

Note: in fact, p.value = 0.01 means p.value <= 0.01
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Box-Ljung test

data: vy

X-squared = 24.692, df = 6, p-value = 0.0003894
Box-Ljung test

data: vy

X-squared = 121.08, df = 12, p-value < 2.2e-16
Box-Ljung test

data: vy
X-squared = 128.87, df = 18, p-value < 2.2e-16
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e stats::arima
call:
arima(x = x, order = c(1, 1, 1), seasonal = list(order = c(0, 1, 1), period = 12))
coefficients:
arl mal smal
-0.7265 0.6030 -0.7918
s.e. 0.1511 0.1742 0.0337

sigman2 estimated as 7444: Tlog Tikelihood = -2327.14, aic = 4662.28

o MY
1 +0.6030B

1+0.7265B

® JER%, {E R stats: :arima BT, ARMA(p, ) BAIERR A

YV ox, = (1 - 0.7918312) e

Xt = G1X—1 — PaXpp —— PpXrp = E+ 0151+ + 0581
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Forecasts from ARIMA(L,1,1)(0.11(12]
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