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1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960

Jan
112
115
145
171
196
204
242
284
315
340
360
417

Feb
118
126
150
180
196
188
233
277
301
318
342
391

Mar Apr May Jun

132
141
178
193
236
235
267
317
356
362
406
419

129
135
163
181
235
227
269
313
348
348
396
461

121
125
172
183
229
234
270
318
355
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420
472

135
149
178
218
243
264
315
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422
435
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Jul
148
170
199
230
264
302
364
413
465
491
548
622
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Aug
148
170
199
242
272
293
347
405
467
505
559
606

Sep
136
158
184
209
237
259
312
355
404
404
463
508

Oct
119
133
162
191
211
229
274
306
347
359
407
461

Nov
104
114
146
172
180
203
237
271
305
310
362
390

Dec
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140
166
194
201
229
278
306
336
337
405
432
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Meonthly Airline Passenger Numbers from 1949 to 1962
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ACF of the First Difference of LOG AirPassengers
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PR RIA TR R T e R A TR AR . ARTM A(0,1,1) x (0,1,1)19 FHISHL

FIE 21T R BN B arima BREIRATE 200N HdE:
Call:

arima(x = LogAirPassengers, order = ¢(0, 1, 1), seasonal = list (order = ¢ (0,
1, 1), period = 12))

Coefficients:

mal smal

—0.4018 —0.5569

s.e. 0.0896 0.0731

sigma”2 estimated as 0.001348: log likelihood = 244.7, aic = —485.4
B 6 S
FrfE(E -0.4018 -0.5569
P iR 2 0.0896 0.0731
02 =0.001348 XJHUSRME = 244.7 AIC = -485.4

LREW T BN IR A M HARAE R Z . ARG BATH AR AL T 1 7 i B IR A S, B RIS
HEHHIRES FRESME. LRSI ITA R BSTHER S E M, TPl 6 =
—0.4018,0 = —0.5569. 2 I AR LAY A1 DS IS o
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K9zt T AR ZE I, BRE PSR ADVRSRH, iR BRI 1A R 1
K 102 T ARER ACF BMESATEE DIk L. BAERNTHEREAT Ljung-Box 1%

> signif(acf(residuals(ap),plot = F)$acf[1:6],2)
[1] 0.014 0.024 —0.130 —0.110 0.061 0.061

_ S _ 0.0142 0.0242 (—0.130)? (—0.110)? (0.061)2 (0.061)2
K =6 R, Qv = 144(144 + 2) (144—1 T2t i t it i T oTaas )

~ 5.58>0.41 (HHEN 5, BEKTFHN 5% KIEH p-value)
AN B A 48 1% 72 T i AN AH DR IR JE AR 12
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Histogram of Airpassengers
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FEX— M WA AT I A, DACRIfIN ARIMA(0,1,1) x (0,1, 1)1 72 J5 B 8] 7 51 1 AR A4 o

L BH2eBA1ZR ARIMA(0,1,2) x (0,1,1)1 B, FA R B EAE T
Call:

arima(x = apl, order = ¢(0, 1, 2), seasonal = list (order = ¢(0, 1, 1),
period = 12))

Coefficients:

mal ma2 smal

—0.3961 —0.0397 —0.5590

s.e. 0.0859 0.0851 0.0732

sigma 2 estimated as 0.001345: log likelihood = 244.81, aic = —483.62

RN R, BRONSEVER ARIMA(0,1,1) x (0,1,1)15 SH475%FE:

Call:

arima(x = apl, order = ¢(0, 1, 1), seasonal = list(order = ¢(0, 1, 1),
period = 12))

Coefficients:

mal smal

—-0.4018 —0.5569
s.e. 0.0896 0.0731

sigma”2 estimated as 0.001348: log likelihood = 244.7, aic = —485.4

SRS RHATHEN S 6, 5 0 KfiiHETCW B3, JTUH R EFHFIRMERZE RN 14N, $HSH

0, Wt THEES T EIFAR R E X AT 0. JFH, £ AIC & MMATIE T, o2 AL THE R

B RER.

2. AN ZERH ARIMA(0,1,1) x (0,1,2)1 A TEE AT H . B REGPAL IR -

Call:

arima(x = apl, order = ¢(0,1,1), seasonal = list (order = ¢(0,1,2), period = 12))

Coefficients:

mal smal sma?2
—0.4154 —0.5979 0.0685
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s.e. 0.0900 0.0946 0.0910

sigma 2 estimated as 0.00134: log likelihood = 244.98, aic = —483.96

HERP IR, 6, 5 O MTHEM SHIABALAE LI TC B BN, HFsHHEg & L R 0.
ERVER, £ AIC M4SN T, o A EALSRAL THE AR A A8 . Rk, AT e BdEE M T
ARIMA(0,1,1) x (0,1,1)19 AL, F2 FRIATHE FH AR BTN o
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Forecasts and Limits for Monthly Airline Passenger time series
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8 PR

#Prepare the AirPassengers data and the window for graph
library (TSA)

data(AirPassengers)

LogAirPassengers = log(AirPassengers)

month = as.vector (season (AirPassengers))

win . graph (width = 9.7, height = 6)

#plot Time Series

plot (AirPassengers ,ylab = ”AirPassengers”,

main = "Monthly, Airline,,Passenger Numbers from,,1949,t0,,1962")
points( AirPassengers ,pch = month)

acf(as.vector(AirPassengers),lag.max = 36,main = ”"ACF of AirPassengers”)

#plot Time Series been Logged

plot (LogAirPassengers ,ylab = ”"Log( AirPassengers)”,

main = "Monthly,;Airline Passenger Numbers ;1949—1960,,After LOG Transformation”)
points (LogAirPassengers ,pch = month)

acf(as.vector(LogAirPassengers),lag .max = 36,main = "ACF jof LOG AirPassengers”)

#deal with trend

DLAirPassengers = diff(LogAirPassengers)

plot (DLAirPassengers ,ylab = "Diff (Log( AirPassengers))”,
main = "First  Difference of LOG AirPassengers”)
points(DLAirPassengers ,pch = month)
acf(as.vector(DLAirPassengers),lag .max = 36,

main = "ACF  of the First Difference of LOG AirPassengers”)

#deal with atrong seaonality

SDLAirPassengers = diff (DLAirPassengers,lag = 12)

plot (SDLAirPassengers,ylab = ”?Diff (Diff (Log(AirPassengers)),lag=12)",
main = ”"First and,Seasonal, Difference of LOG AirPassengers”)

points (SDLAirPassengers ,pch = month)

acf(as.vector (SDLAirPassengers),lag .max = 36,

main = "ACF  of First and Seasonal Difference of LOG AirPassengers”)
ml. LogAirPassengers = arima(LogAirPassengers ,order = c(0,1,1),

seasonal = list (order = c(0,1,1),period = 12))
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m2. LogAirPassengers = arima(LogAirPassengers ,order = ¢(0,1,1),
seasonal = list (order = ¢(0,1,1),period = 12),method = "ML’)
plot (window (rstandard (ml. LogAirPassengers)) ,main = "The residuals”)

points (window (rstandard (ml. LogAirPassengers)),pch = month)

#model diagnose
apl=log (AirPassengers)
ap=arima (apl,order=c(0,1,1),seasonal=list (order=c(0,1,1),period=12))

Airpassengers=rstandard (ap)

#plot residual of the model
plot (Airpassengers ,xlab = ’Time’ ,ylab=’Standardized Residuals’, type='o0’)

#plot ACF

acf(Airpassengers)

#plot the histogram
plot (hist (Airpassengers),xlab="standard residuals’)

#plot qq—plot
plot (ggnorm( Airpassengers),xlab = ’standard residuals’)

qqline (Airpassengers)

#model diagnose
tsdiag (ap)

#get specific acf wvalue of residuals

acf(residuals(ap),plot = F)$acf

#Ljung—Box
signif(acf(residuals(ap),plot = F)$acf[1:6],2)

#Analyze the over fitting model ARIMA(O, 1, 2) %= (0, 1, 1) 12
ap2=arima (apl,order=c(0,1,2),seasonal=1ist (order=c(0,1,1),period=12))
ap2

#Analyze the over fitting model ARIMA(O, 1, 1) = (0, 1, 2) 12
ap3=arima (apl,order=c(0,1,1),seasonal = list (order=c(0,1,2),period=12))
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ap3

#model forcasting

model = arima(AirPassengers, order = ¢(0, 1, 1),

seasonal = list (order = ¢c(0, 1, 1), period = 12))

model

plot (model, nl = ¢(1954,1), n.ahead = 24, ylab = ’AirPassengers’,

main = ’Forecasts and Limits, for Monthly Airline  Passenger time series’)



