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Table (3.10)

Relative Changes (o/") for Average of Estimated Values of pr : MA(l) with an

AO and an IO at t = 50 (n:100,0: -0.3, F = 0, o1:l;1000 replications)

RC for Estimated Values of p1

AO IO
(l)

I
2

3

4

5

6

7

8

9

10

5.8083

1.6247

-2.7214
-5.727t
-6.8237

-19.0089

-35.9464
-36.5150

-37.0431
-50.6499

6.7425
5.3615
5.4021
8.1235

14.8660
7.9610
-4.9748
4.833s

9.9513
3.7774

According to Table (3.9), it can be seen that the average of estimated value of
lag-l autocorrelation pr for the outlier free series (co : 0) is 0.2462. According to

Tables (3.9) and (3.10), it is evidentthat the effect of outlier on the autocorrelation

function is much more obvious in the case of AO than that of IO for MA(l) series as

in the case of AR(l). For MA(l) series, it can also be seen that the estimated values of
pl do not change significantly with the increasing values of outlier parameter ro for IO

cabe. But, the higher the values of the outlier parameter ro, the larger the effect of AO

outlier on MA(l) series. The same conclusion can be made for the effect of outlier on

the partial autocorrelation function since the values of both pr arr6 $11 are also

identical for MA(l) series.

For each of the generated ARMA(I, 1) outlier free series (or:0), together

with their respective AO and IO series, the lag-l autocorrelation coefficient p1 and the

lag-l partial autocorrelation coefficient $11 were estimated. Since the values of pr and

0rr are identical in ARMA(I, l) case as in the both AR(l) and MA(l) cases, it is
enough to study the effect of outliers on the autocorrelation function only.

The following table represents the average of estimated values of p1 for the

generated ARMA(I,I) outlier free series (ol : 0) and the corresponding outlier

contaminatedseries with an AO and an Io outliers att:50 for @:0, 1,."",
10, p: 0, ol:1,0:0.5 and 0: {.3, based on 1000 replications.
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Table (3.11)

Average of Estimated Values of pr : ARMA(1r1) with an AO and an IO at t:50
(n:100, t = 0.5r 0 = -03, P:0, o1=l;1000 replications)

Estimated Values of p1

AO IO
CO

0

I
2
3

4
5

5
7

8

9

10

0.6329
0.6365
0.61l8
0.60s6
0.5737
0.5527
0.5166
0.5040
0.4456
0.4121
0.3977

0.5688
-3.3339
4.313s
-9.3538

-12.6718
-18.3757
-20.36ffi
-29.5939
-34.8870
-37.1623

0.6329
0.638s
0.6141

0.6121

0.s969
0.5826
0.5697
0.5621
0.5377
0.s333
0.s303

0.8848
-2.970s
-3.2865
-5.688r
-7.9475
-9.9858

-t 1.1866

-15.0419
-15.737r
-t6.2ttt

The following table shows that the relative changes (RC) of each estimated

value of lag-l autocorrelation p1 for the generated ARMA(I, l) series with an AO

and an IO at t:50 for ro:0, 1,...,10,p:0, o'.=1,0=0.5andQ:-0.3"

Table (3.12)

Relative Changes (o/o) for Average of Estimated Values of p1 :

ARMA(l,l) with an AO and an IO at t = 50

(n:100,0 = 0.5,0 = -03, F = 0, o1=l;1000 replications)

RC for Estimated Values of p1
o)

AO IO

'J

I
2

J

4

5

6

7

8

9

l0

;
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According to Table (3.11), it is obtained that the average of estimated value of

lag-l autocorrelation pr for the outlier free series (ol : 0) is 0.6329. From Tables

(3.11) and (3.12), it can also be seen that the estimated value of lag-l autocorrelation

pl decreases as the value of outlier parameter ro increases for both AO and IO cases of

ARMA(l,l) series. However, it is clear that the effect of oufliers on the

autocorrelation function is much more significant in the case of AO than that of IO for

ARMA(l,l) series as in both AR(l) and MA(l) series. The same conclusion can be

made for the effect of outlier on ttre partial autocorrelation functionsince the values of

htr p, and {rr are equal for ARMA(l,l) case.

From the simulated results, it is clear that the effect of presence of outlier on

the estimates of autocorrelation and partial autocorrelation functions depend on both

the magnitude and type of outlier for the underlying rnodels of AR(l), MA(l) and

ARMA(l,l).

3.4 Effects on Parameter Estimates and Error Variances

For each of the generated outlier free AR(l), MA(l) and ARMA(l,l) series

along with their corresponding outlier contaminated series with AO and IO outliers,

the parameters of interest, namely the time series parameters 0 for AR(l), 0 for

MA(l), both 0 and 0 for ARMA(l,l), as well as the error variance o| for each series

were estimated.

The table below represents the estimated values of $ and oj for the generated

AR(l) outlier free (co : 0) series and the corresponding outlier contaminated series

withanAO andanlO att:50 for(o:0, l, ...,10, F:0, o1:l and+ =0.5,based

on 1000 replications.

\



0.4899
0.4874
0.4747
0.4561
0.4387
0.4155
0.3820
0.3548
0.3285

0.3044
0.2807

-0.51
-3.r0
4.90

-10.45
-15.19
-22.02
-27.58
-32.95
-37.86
42-70

0.4899
0.49t3
0.489s
0.4876
0.4918
0.4953
0.4892
0.4904
0.4910
0.4933
0.4947

0.29
-0.08
-0.47
0.39
l.l0

-0.14
0.10
0.22
0.69
0.98

0.9909
0.9991

1.0390
1.4927
1.1893

1.293t
1.4302
1.5594

1.7477
1.9324
2.r386

0.83
4.85

10.27
20.02
30.50
44.33
57.37
76.38
95.01

l15.82

0.9909
0.9968
1.0290
t.0727
1.t543
1.2245
1.3606
1.4716
t.6459
r.8091
2.0004

0.60
3.84
8.26

16.49
23.57
37.31
48.5r
66.10
82.57

10r.88
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Table (3.r3)
Average of Estimated Values of $ and oj : AR(l) with an AO and an I0 at F50

(n:100, t = 0.5, P:0, o1:l;1000 reptications)

Estimated Value of $ Estimated Value ofo,2

AO IO AO IO(D

0
I
2

3

4
5

6

7

8

9

l0

The following table shows that the relative changes (RC) of each estimated

parameter 0 and o', for the generated AR(l) series with an AO and an IO at t: 50

for co :0, l, . . . , 10,lr:0, o1:l and 0 :0.5.

Table (3.14)

Relative Changes (o/o) for Average of Estimated Values of $ and oj: AR(l)
with an AO and an IO at t:50 (n:100, 0 = 0.5, F = 0, o',=1;1000 reptications)

RC for Estimated Value of { RC for Estimated Yalue oj

AO IO AO IOo)

I
2
3
4
5

6
7
8

9
l0

'l

From Table (3.13), it is observed that the average of estimated values of $ and

ol for the generated AR(l) outlier free (or = 0) series are 0.4899 and 0.9909

respectively. According to Tables (3.13) and (3.14), the estimated values of $ do not

change significantly with varying outlier parameter co in the case of IO as compared to
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AO for AR(l) series. In the case of AO, estimated values of parameter $ decrease

with the increasing magnitude of outlier parameter or that has been found as in

estimated autocorrelation values for AR(l) series. The effect of outlier on the

estimated values of { is less for IO. It can also be seen from Tables (3.13) and (3.1a)

that with increasing magnitude of outlier parameter rD, the estimate of all parameters

change, though the effect on the estimate of the error variance oj is much more

prominent and the error variance tends to be overestimated more and more with

higher values of outlier parameter co in both AO and IO cases. This overestimation

happens irrespective of the type of outlier, though the overestimation is more

prominent in the case of AO for AR(l) series. It is clear from the simulated results

that the effect of the presence of outlier of either type on the estimate of error variance

ol ismuch more thanthat on the estimate of $.

The table below shows the average of estimated values of 0 and o,2 for the

generated MA(l) outlier free series (co : 0) and corresponding outlier contaminated

series with an AO and an IO at t:50 for o:0, 1, . . " , 10, p:0, o]:I and

0: -0.3, based on 1000 replications.

Table (3.15)

Average of Estimated values of 0 and oj z}{.A(l) with an AO and an Io at F50

(n=100r0 - - 0.3, F = 0, o2,=1; 10fi) replications)

Estimated Value of 0 Estimated Value ofoj

AO IO AO IO

rl

o

0

I
2

3

4

5

6

7

8

9

10

-0.2942
-0.2934
-0.2927

-0.2888

-0.2626
-0.2600
-0.2296
-0.1869
-0.1759
-0.1671

-0.I359

-0.2942

-4.2948
-0.2930
-0.2992
-0.296t
-0.2902
-0.296t
-0.2925
-0.2992
-0.2977

-0.2935

1.0135

t.a2r6
1.0434
1.4904
1.2046
r.2838
1.3840
1.4989
t.&45
1.8718
2.0381

1.0135

1.0208

I.A4t2
1.0810

1.1910

t.2612
1.3556

t.4644
1.6054

1.8167
1.9863
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The table below indicates the relative changes (RC) for estimated values of 0

and ol for the generated MA(l) outlier contaminated series with an AO and an IO at

t: 50 for co :0, l, . . . , 10, F:0, o',:l and 0 : {.3, based on 1000 replications.

Table (3.16)

Relative Changes (%") for Average of Estimated Values of 0 and o,2 : MA(l)
with an AO and an IO at t: 50 (n=100r 0 - - 0.3, F = 0, o2,=1; 1000 replications)

RC for Estimated Value ofO RC for Estimated Value o,2

(0 AO IO AO IO

0.72
2.73

6.66
17.5t
24.44

33.75

44.45

58.40
79.2s

9s.98

From Table (3.15), it can be seen that the average of estimated values of 0 and

o'" for the generated MA(l) outlier free (or: 0) series are -0.2942 and 1.0135

respectively. According to Tables (3.15) and (3.16), the estimated values of 0 do.not

differ much from the estimated value of 0 without an outlier in the case of IO but

show significant change in the case of AO for MA(l) series. The higher the value of

co, the lower the value of estimate of 0 for AO case. It can also be seen that the

estimate of error variance oj increases with the value of or, irrespective of the type of

outlier and differ much more in Ao than Io. Also, analogous to AR(l), Ao shows

higher impact on the estimate of error variance o', ttranlO for MA(l). It is clear from

the simulated results that the effect of the presence of outlier of either type on the

estimate of error variance ol is much more than that on the estimate of 0.

The table below represents the average of estimated values of $, 0 and oj for

the generated ARMA(l,l) outlier free series (co : 0) and the corresponding outlier

contaminated serieswithanAO andanlO att:50 foro):0, l, ...,10, F:0,
o1: l, S 

:0.5 and 0: {.3, based on 1000 replications.

I
2

3

4
5

6

7

8

9

l0

-0.27

-0.51

-r.84
-t0.74
-11.62

-2t.96
-36.47
-40.2t
43.20
-s3.81

0.20
-0.41

t.7a
0.65

-1.36

0.6s
-0.58
1.70

l.l9
-0.24

0.80
2.95

7.59
18.86

26.67
36.56
47.89
62.26
84.69

r0l.l0
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Table (3.17)

Average^of Estimated Values of { and ao2: ARMA(lrl) with an AO and an IO
att:50 (n: 100, 0 = 0.5,0 = {).3, F = 0, o1= l;1000 replications)

Estimated Value of Q Estimated Value of 0 Estimated Value ofo,2

(0 AO IO AO IO AO IO

The table below represents the relative changes (RC) for estimated values

of +, 0 and oo2 for the generated ARMA(l,l) outlier contaminated series with

an AO and an IO at t=50 for @:0, l, ...,10, p:0, o1: l, 0:0.5 and

0: -0.3, based on 1000 replications.

Table (3.18)

Relative Changes (%) for Average of Estimated Values of { and oj :

ARMA(I, 1) with an AO and an IO at t = 50

= 100, =0.5r 0:{3, =0, = 1; 1000 )
RC for Estimated

Value of Q

0
I
2

3

4
5

6

7

8

9

l0

(0

0.4912
4.4954
0.4872
0.4897
0.4890
0.49s0
0.4879
0.4951
0.4919
0.4943
0.4969

0.4912
0.4948
0.4879
0.4900
0.488s
0.4937
0.4892
0.4935

0.4953

0.4943
0.4993

-0.3161

-0.2973

-0.2742

-0.2335
-0.170r
-0.t243
-0.0830
-0.0200
0.0r38
0.0581

0.0993

-0.3161

-0.3075
-0.31l5
-0.31l5
-0.3023
-0.3074
-0.3089
-0.3014
-0.3025
-0.3085
-0.3011

-2.72
-r.46
-1.46

-4.37

-2.75

-2.28
4.65
-4.30
-2.40
4.75

0.9788
0.9910
1.0374
r.t270
r.2260
1.3584

1.5089

1.6732

1.8600

2.0598
2.2864

0.9788
0.9850
l.0l r0
1.0716
1.t299
t.22s4
1.3301

r.4617
1.6099

1.7779

1.9501

RC for Estimated
Value of 0

AO IO

RC for Estimated

Value ofoj
AO IOAO IO

I
2

3

4

5

6

7

8

9

10

0.86
-0.81

-0.31
-0.45
-0.77

-0.67
-0.79

-0.14
-0.63

1.16

0.73

-0.67

-0.24

-0.55

0.51

-0.41

0.47
0.83

0.63

1.65

-5.95
-13.26

-26.t3
46.19
-60.68
-73.74
-93.67

-tM.37
-r r8.38
-l3l.4l

1.25

5.99
r5.14
25.26

38.78

54.t6
71.97
90.03

110.44
133.69

0.63

3.39

9.48

15.44

25.19

35.89
49.34

64.48

81.64
99.23

:
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From Table (3.17), it can be seen that the average of estimated values of $,0

and oj for the generated ARMA(I,I) outlier free series (or : 0) are A.4912, -0.3161

and 0.9788 respectively. According to Tables (3.17) and (3.18), the estimated values

of $ do not differ significantly with varying values of co for both AO and IO

cases of ARMA(l,l) series. Moreover, the estimated values of 0 also do not vary

significantly with the increasing magnitude of outlier parameter co in the IO case of

ARMA(l,l) series. However, the estimated values of parameter 0 decrease

significantly with the increasing magnitude of outlier parameter or in AO case for

ARMA(|,I) series. It can also be seen from Table (3.11) and (3.12) that with

increasing magnitude of outlier parameter ro, the estimates of parameters ({ and 0)

change and the effect is larger for the estimated values of 0 than that of $ in both AO

and IO cases of .A,RMA(l,l) series. It is also found that the effect of outlier on the

estimated values of 0 is larger for AO than that of IO case. It can also be seen that the

error variance t6nds to get overestimated significantly with higher values of outlier

parameter c,l in both cases of AO and IO for ARMA(l,l) series. This overestimation

is irrespective of the type of outlier, though the overestimation is more prominent in

case of AO for ARMA(l,l) series.

Based on the results presented, it is clear that for both AR(l) and MA(l) as

well as ARMA(l,l), the estimate of error variance o', is af;lected significantly by the

presence of outlier and the effect increases with increasing values of outlier parameter

co, irespective of the type of outlier. In addition, the effect on the estimates of time

series parameters as well as the error variance depends on both the magnitude and

type of outlier.

It is clear that the presence of a single outlier of either type significantly

overestimates the error variance. The finding provides empirical support to the claims

in the literature that "the pres€nce of outlier affects the estimate of error variance more

than that of time series parameten" (Bruce and Martin, 1989; Ledolter, 1990).

This also supports the justification for using estimates of error variance for

outlier detection procedure in addition to its usefulness in verifuing model adequacy.

Also the empirical study shows that though the presence of AO affects the estimate of

error variance more than that of IO, the effect of IO on the estimate of error variance
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is also high and needs to be taken into account, conhary to some of the claims in the

literature (Chang and Tiao, 1983; Bruce and Martin, 1989; Ljung, 1993).

3"5 Effects on AIC and BIC

In this section, the effect of an outlier on some model selection criteria based

on residuals such as Akaike's Infonnation Criterion (AIC) and Bayesian Information

Criterion (BIC) are considered. Both AIC and BIC are monotone functions of the

prediction error varian."ol, usually estimated by the maximum likelihood (tvtl,)

estimate. The definitions of AIC and BIC are also presented in Appendix A. The

commonly used Ml-based AIC and BIC are affected by outliers in two ways: (a) they

are distorted by grossly unreliable parameter estimates, and (b) they are greatly

inflated by outliers (Martin, 1980).

For each of the generated outlier free (ro : 0) AR(l) series together their

corresponding outlier contaminated series with AO and IO outliers, the values of AIC

and BIC were estimated.

The following table shows the average of estimated values of AIC and BIC for

the generated AR(l) outlier free series (ro : 0) and the corresponding outlier

contaminated series with an AO and an IO at t : 50 for co : 0, l, . . ., 10, F : 0,

o',: l and S 
: 0.5, based on 1000 replications.

Table (3.19)

Average of Estimated Values of AIC and BIC: AR(l) with an AO and an IO

at t =50 (n:100, { :0.5, F = 0, o1:l;1000 replications)

Estimated Value of AIC Estimated Value of BIC

AO IO AO IO
(t)

0

I
)
J

4

5

6
7

8

9

10

280.96s2
281.7932
285.762r
290.0750
299.0750
307.4s78
317.s019
326.t275
337.3607
347.4249
357.5022

280.96s2
28t.5733
284.8143

288.9228

296.t394
303.6577

312.4989
320.3434

331.4194
340.6397
350.8624

0.1290
0.1373
0.1764
0.2268
0.3115
0.3952
0.4960
0.5825
0.6965

0.7969
0.8983

0.t290
0.r350
0.1667

0.2083

0.2816
0.3407

0.4461
0.5245
0.6364
0.73r0
0.8315
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The table below represents the relative changes (RC) for estimated values

of AIC and BIC for the generated AR(l) outlier contarninated series with an

AO and an IO at t:50 for o:0, l, ...,10, p:0,o3:land0:0.5.

Table (3.20)

Relative Changes (%) forAverage of Estimated Values of AIC and BIC: AR(l)

with an AO and an IO at t:50 (n:100,0 = 0.5, [t = 0, o1=1;1000 replications)

o)

I
2
3

4
5

6
7
8

9
l0

RC for Estimated Value of
AIC

AO IO

RC for Estimated Value of
BIC

AO IO

0.2947

t.7073
3.2423
6.4456
9.429t

13.0040
16.0740
20.0721
23.6s41
27.2407

0.2164
1.3700

2.8322
5.40A7

8.0766
11.2233
14.0153

17.957s
21.2391
24.8775

6.4341
36.7442

75.8140
t41.4729
206.3566
284.4961
351.5504
439.9225
517.7519
596.3566

4.6:512

29.2248
6t.4729

118.2946
164.1085

245.8140
306.5891

393.3333
466.6r,67

s44.5736

According to Table (3.19), it can be seen that the average of estimated values

of AIC and BIC for the generated AR(l) outlier free series (ro : 0) arc280.9652 and

0.1290 respectively. From Tables (3.19) and (3.20), it is clear that the effect of an

outlier on the AIC and BIC is much more significant in the case of AO than that of IO

for AR(l) series. It is also noticed that the inflated values of AIC and BIC are

obtained when the values of outlier parameter o increase

. Aguor, the following table represents the average of estimated values of AIC

and BIC for the MA(t) outlier free series (ro : 0) and the conesponding outlier

contaminatedserieswith an AO and an IOat t:50for@:0, 1,2,...,10,1r:0,

ol = I and 0 : -0.3, based on 1000 replications.
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Table Q.?l)
Average of Estimated values of AIC and BIC: MA(l) with an Ao end an Io

at t = 50 (n:100, 0 = -0.3, F = 0, o1=l;1000 reptications )

Estimated Value of AIC Estimated Value of BIC

(o AO IO AO IO

The table below represents the relative changes (RC) for estimated values

of AIC and BIC for the generated MA(l) outlier contaminated series with an

AO and an IO at t:50 for @:0, l,...,10, p:0,o1:land 0:-0.3.

Table Q.22)

Relative Changes (Y") for Average of Estimated Values of AIC and BIC: MA(l)
with an AO and an I0 at t = 50 (n=100,0: {.3, F = 0, o1=l;1000 replications)

0
I
2
3

4
5

6
7

8

9

10

o)

283.t4s8
285. I 909
289.1839
293.5158
303.5555
309.9643
3t7.5166
325.444:5

334.7490
347.7773
3s6.3748

0.7223
2.1325
3.6624
7.2082
9.4716

12.1389

14.9388
18.2250
22.8262
25.8626

283.1458
28s.1t42
289.0033
292.6654

302.4034
308.2291
315.4541

323.r071
332.40t6
344.8703
353.8092

0.6952
2.0687
3.3621
6.8013

8.8588

l1.4105
14.1t33
17.39s9
2t.7995
24.9565

0.t216
0.1595
0.1806
0.2247

0.2343
0.3880
0.4631
0.5429
0.6356
0.7651

0.8502

3t.t678
48.5t97
84.8762
92.6809

219.0789

280.8388

346.4638
422.6974
529.194t
s99.1776

0.1216
0.r587
0.1785

0.2t60
0.3129
0s7a2
0-4434
0.5193

0.61t5
0.7352
0.8244

30.5099
46.7928
77.6316

157.3191

2M.M08
264.6382

327.0559
402.8783

504.6053

577.960s

RC for Estimated

Value of AIC

AO IO

RC for Estimated

Value of BIC

AO IO

I
2
3

4
5

6
7

8

9
10

:
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According to Table (3.21), it is found that the average of estimated values of

AIC and BIC for the generated MA(l) outlier free series (co : 0) are 283.1458 and

0.1216 respectively. From Tables (3.21) afi (3.22), it is observed that the effect of
outlier on the AIC and BIC is also much more significant in the case of AO than that

of IO for MA(l) series as in the case of AR(l). It is also seen that the increasing

values of AIC and BIC are obtained as the values of outlier parameter or become

larger.

The values of AIC and BIC were also estimated for each of the generated

outlier free (o : 0) ARMA (1, l) series together their corresponding outlier

contaminated series with AO and IO outlier.

The following table represents the average of estimated values of AIC and

BIC for the ARMA(l,l) outlier free (ro = 0) series and the corresponding outlier

contaminatedserieswith anAOand an IO at t:50 for @:0, l, ...,10, p:0,
oZ : | 0:0.5 and 0:4.3, based on 1000 replications

Table (3.23)

Average of Estimated Values of AIC and BIC: ARMA(I,I) with an AO and

an IO at t =50 (n:100, 0 = 0.5, 0 = {.3, F = 0, o',--l;1000 replications)

Estimated Value of AIC Estimated Value of BIC

o) AO IO AO IO

0

I
2

3

4

5

6

7

8

9

l0

28t.8826
283.r576
287.7783

295.8767
304.1748
3t4.3469
324.8468
335.a72A
34s-6052
3s5.8164
366.19:12

281.8826

282.5657
285.2520

290.3409
296.0799
3M.1226
3t2.42s9
321.715s
33r.3625
34t.2210
350.4690

0.1t67
0.1291
0.1749
0.2577
0.3419
0.4445
0.5495
0.6529
0.7587
0.8608

0.9395

0.1167

0.1230
0.1491

0.2073
0.2603
0.3414
0.4234
0.5178

0.6t43
0.7136
0.8060

The table below represents the relative changes (RC) for estimated

values of AIC and BIC for the generated ARMA(l,l) outlier contaminated series

with an AO and an IO at t:50 for o:0, l, ..",10, p:0,o1:1, $:0.5

and 0: -0.3.
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Table (3.24)

Relative changes (%o) for Average of Estimated values of Arc and BIC:
ARMA(I,I) with an AO and an IO at t = 50

100,0=0.5,0= {3' 0rc2__1; 1000 replications )

{D

I
2

3

4

5

6
7

8

9

l0

RC for Estimated

Value of AIC
AO IO

RC for Estimated

Value of BIC
AO IO

0.4523
2.09r5
4.9&3
7.9083

11.5170
15.24t9
18.8693

22.6061
26.2286
29.9t12

0.423
1.1953

3.0006
5.0366
7.8898

10.8355

14.l3l0
17.5534
2t.0507
24.3315

10.6255
49.8715

120.8226
192.9734
280.89t2
370.8655
459.4687

550.1285
637.6178
705.0ss7

s.398s
27.7635
77.6350

123.0506
192.5450
262.8r06
343.70t8
426.3925
511.4824
s90.6s98

According to Table (3.23), it is noticed that the average of estimated values of
AIC and BIC for the generated ARMA(I,I) outlier free series (ro : 0) are 2gl.gg26
and 0.1167 respectively. From Tables (3.23) and, Q.2$, it is observed that the effect
of outlier on the AIC and BIC is also much more significant in the case of AO than
that of IO for ARMA(l,l) series as in the case of both AR(l) and Mall) series. It is
also seen that the increasing values of AIC and BIC are obtained as the values of
outlier parameter ro become larger.

According to the findings presented in this chapler, it is clear that both AO and

Io types of outlier affect on the mean ,variance, ACF, PACF, estimated error
variance, parameter estimates, AIC and BIC values. Therefore, it can be concluded

that there can be the problems in the model identification due to the effects of the
outliers.

3.6 Effects in Model ldentification

Tolvi (1998) suggested that in time series of short to moderate length, often
the presence of a single outlier will result in a true AR model being falsely identified
as an MA or ARMA model, and that the identified lag lengths (p and q) will also be

\Arong. Similarly, outliers bias estimated ARMA model parameters. Only AR and MA

t
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models are considered in this section because ARMA is a mixed model and it is
difficult to decide a model is an ARMA based on the ACF and PACF.

In order to study the effect of outlier in model identification, 100 outlier free

(ro :0) AR (l) series for n: 100 and O 
:0.7 were again generated using S-PLUS

and an AO and an IO with outlier parameters o : 0, 5, l0 were introduced at t: 50.

In the information criterion approach for model selection, models that yield a

minimum value for the criterion are to be preferred, and ttrc AIC or BIC values are

compared among various model as the basis for the selection of the model. Since the

BIC criterion imposes a greater penalty for the number of estimated parameters than

does AIC, use of minimum BIC for model selection would always result in a chosen

model whose nurnber of parameters is no greater than that chosen under AIC @ox at

el", 1994). Hence, the BIC was also used as the model selectioncriterion in this study.

To fit each generated AR(l) series, some other commonly used models such

as AR(2), MA(l), MA(2), ARMA(I,l), ARMA(2,I), ARMA(I,2) and ARMA(2,2)

were considered. The BIC values for each fitted models were computed and

compared with the BIC value of generated AR(l) model. If the BIC value of the

fitted AR(l) model is minimum among others, it is the correct model selection for the

generated AR(l) series. The following table represents the percentages of correct and

incorrect model selection cases for the generated AR(l) series based on BIC.

Table (3.25)

Correct and Incorrect Percentages of Model Selection Cases: AR(l) with
anAOandanlOatt=50 = 100 and = 0.7; 100

AO IO

ConectYo Inconecto/o Correct oZ I Incorrect %

t2

5

7

According to Table (3.25), it can be seen that the percentage of correct model

selection decreases as the value of outlier parameter increases in the AO case of

AR(l) series whereas the percentage of correct model selection does not decrease as

the value of outlier parameter increases in the IO case of AR{l) series. It can be said

that the outlier affects on model identification in the case of AR(l) with an AO.

Agarn" 100 outlier free (ro : 0) MA(l) series for n: 100 and 0 : 0.7 were

generated using S-PLUS Software and an AO and an IO with outlier parameters

88

95

93

88

86

76

CO

0

5

lo

t2

t4
24

l
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@ : 0, 5, 10, were also introduced at t: 50. Then, each generated MA(l) series was

also fitted by some commonly used model as mentioned above and BIC values for

each fitted model were also computed and compared with the BIC value of the

generated MA(l) model. If the BIC values of the fitted possible models mentioned

above are greater than the BIC value of the correct fitted model MA(l), the correct

model is obtained for the generated MA(l) series. The fotlowing table indicates the

percentages of correct and incorrect model selection cases for the generated MA(l)
series based on BIC.

Table Q.26)
correct and Incorrect Percentages of Model selection cases: MA(l) with

anAOandanlOatt=50 n = 100 and 0:0.7; 100

AO IO
CO ConectYo Incorrect o/o ConectYo Incorrect oZ

0

5

l0

9l
84

76

v(0r.r) * l"
n

9

l6
24

9l
83

92

9

t7

8

From Table (3.26), it is also shown that the percentage of correct model

selection cases declines as the value of outlier parameter increases in the AO case of
MA(l) series but the percentage of correct model selection does not decline as the

value of outlier parameter increases in the IO case of MA(l) series. Here, it can be

said that the outlier affects on model identification in the case of MA (l) with an AO.

According to the simulation results as shown in Tables (3.25) and (3.26), it is
clear that the effect of AO outlier is serious for both AR(l) and MA(l) models'

identification but effect of IO outlier is not as clear as AO.

Each particular generated series for AR(l) and MA(l) were also considered

and the models were fitted by using the ACF and PACF.

Here, under the hypothesis of the underlying process is a white noise

sequence, the variance of the ACFpk can be approximated by

v(0r, )
I
Q+zfft +...+ 2f,?_) (3.2.18)

\

*-
n

and the variance of PACF 011.cm be computed as

(3.2.1e)
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Hence + 2 S. E (Standard Error) can be used as critical limits on the ACF and PACF

to test the hypothesis of a white noise process.

The following figures show the plots of the ACF and PACF together with their

confidence limits for the generated outlier free AR(l) series as well as its outlier

contaminated series of AO (ro : l0) and an IO (ro : l0) at t: 50"
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Figure 3.4 ACF of Generated AR(l) Series (n = 100,0:0.7)
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Figure 3.5 PACF of Generated AR(l) Series (n: 100,0 = 0.7)
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Figures 3.4 and 3.5 show that the generated AR(t) series follows an AR(l)
model because the ACF of the generated AR(l) model tails offand the PACF of the

model cuts offafter lag l.
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Figure 3.6 ACF of Generated AR(l) Series with an Ao outlier at t = s0

(n=10010=0.7ro=10)
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Figure 3.7 PACF of Generated AR(l) Series with an Ao outlier at t = 50

(n=10010=0.7ro:10)
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Figures 3.6 and 3.7 indicate that the ACF and PACF of the generated AR(l)
series with an AO (ro : 10) at t : 50 do not show the theoretical patterns of ACF and

PACF for an AR(l) model. It suggests a white noise or random phenomenon. Thus,

the generated AR(l) series with an AO outlier at t : 50 with <o : l0 does not follow

an AR(l)model"

ARIO

O celfictst

-lJppa 
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Cmiircrcc Lhil

-t
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Figure 3.8 ACF of Generated AR(l) Series with an Io outlier at t = 50
(n=10010=0.7,ro=10)
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Figure 3.9 PACF of Generated AR(l) Series with an Io outlier at t = 50
(n=l(X)r0=0.7,co=10)
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According to Figures 3.8 and 3.9, it is shown that ACF of AR(l) series with an

I0 outlier (ol = 10) at t : 50 tails off and its PACF cuts off after lag 1. Therefore,

AR(l) series with an IO outlier (co : l0) is identified as an AR(I) model.

The following figures show the plots of the ACF and PACF for the generated

outlier free MA(l) series as well as its outlier contaminated series of an AO (ro : 10)

and an IO (ro : l0) at t: 50.
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Figure 3.10 ACF of Generated MA(f) Series {n - 100,0 :0.4
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Figure 3.11 PACF of Generated MA(l) Series (n = 100,0 = 0.7)
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From Figures 3.10 and 3.11, it can be seen that ttre generated MA(l) series

follows MA(l) model because the ACF of the generated series cuts offafter lag I and

the PACF of the model tails off.

MAAO

Co.lfclst

fi l-tl

- l_t LJ

-t

Lag Numbcr

Figure 3.12 ACF of Generated MA(l) Series with an AO Outlier at t = 50

(n = 1001 0 = 0.7, ro: 10)
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Figure 3.13 PACF of Generated MA(l) Series with an AO Outlier at t = 50

(n=10010=0.7rco=10)
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Figures 3.12 and 3.13 indicate ttrat the ACF and PACF of the generated

MA(l) series with an AO (ro : 10) at t = 50 do not show the theoretical patterns of

ACF and PACF for MA(l) model. Therefore, it can be said that this series does not

follow MA(l)model.
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Figure 3.14 ACF of Generated MA(l) Series with an I0 Outlier at t = 50

(n = 1001 0 :0.7, <o = 10)
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Figure 3.15 PACF of Generated MA(l) Series with an IO Outlier at t = 50

(n=100,0=0.7rco=10)
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Figures 3.14 and 3.15 show that ACF of MA(l) series with an IO outlier

(ro : l0) at t = 50 cuts off after lag I and its PACF tails off. Therefore, MA(l) series

with an IO outlier (ro : l0) is identified as an MA(l) model.

Based on the simulated results as mentioned above, it can be concluded that

the effect of an A0 outlier is more serious in model identification but an IO outlier

has no effect on model identification for both AR(l) and MA(l) cas€s.



CHAPTER IV

DETECTION AND ESTIMATION OF OUTLIERS

IN SELECTED ECONOMIC TIME SERIES

4.1 Selected Economic Time series for outliers Detection

For detection and estimation of outliers in economic time series, the published

figures on Myanmar Trade Statistics and data on Agricultural Production of Myanmar

are considered. The data series selected for the detection and estimation of outliers are

1

2

aJ

4

5

Base metals and ores export series (from 1955-56 to 2005-06)

Teak export series (from 1955-56 to 2005-06)

Wheat production series (from 1950-51 to 2005-06)

lablab 
bean production series (from 1950-51 to 2005-06)

Lima bean production series (from 1950-51 to 2005-06)

In this chapter, some ARIMA models with outliers are illustrated for detection

and estimation of outliers. The data analysis is carried out using'SPSS (Statistical

Package for Social Sciences) and STDS (Statistical Time Series Diagnostic Software)

for the application of Likelihood Ratio Test (LRT) procedure and Adjustment

Diagnostic based on variance estimate (ADV) method, respectively.

The results on identified outliers in the selected time series are compared. In
order to compare the reduction in the estimate of error variance after identification of
outliers, the percentage of reduction rate instead of the reduced estimates are used.

Apart from reduction in the estimate of error variance, model parsimony is also

considered to be an important criterion of analysis. Liu (2006) stated that an important

consideration when modeling time series is the principle of parsimony. This principle

refers to representing the systematic strucfure of the series with as few parameters as

possible" Essentially, this means simpler representations of a time series process are

more desirable than more complex ones if both are adequate. This principle leads to
the use of mixed ARMA models, rather than just pure AR or pure MA models. The

principle of parsimony will be further appreciated when the common occurrence of
outliers in time series is taken into consideration-
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Moreover, the diagnostic checking for the model adequacy and the

simultaneous estimation of the pararneters for the fiued models are also presented in
this chapter.

4.2 Base Metals and Ores Export Series

In this section, "Base Metals and Ores Export Series (in thousand metric

ton) from 1955-56 to 2005-06" have been firstly selected for the detection of outliers.

The plot ofthe data series is shown in Figure 4.1.
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Figure 4.1 PIot of Base Metal and Ores Export Series (1955-1956 to 2005-2006)

In Figure 4.1, the unusual peaks at t : 32, 40 and troughs at t : 19, 44 are

found. They look like the possible outliers in this series. But the question is whether

all are the outliers or not and what are the types of outliers. It may be difiicult to get

the correct answer by visualization from the time series sequence plot as in Figure 4.1

and the detection of outliers is an important issue in such case.

Firstly, the identification of the time series model is needed for the observed

data series. Using SPSS software, the plots of autocorrelation function (ACF) and

partial autocorrelation function (PACF) of the observed series are obtained which

show a tail off pattern of ACF and a cut offafter lag I for PACF respectively. Hence,

the model suggested for this data is AR(l) specified by

(1 -+B)7u:00+& (4.2.1)
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where 0o is the overall constant in the model. Based on the tentative model AR(l)

without outlier, the fitted model is

(l - 0.691 B) Zt:30.373 + at $.2.2)

with 6;: : 124.635. Under the model (4.2.1), the likelihood ratio test (LRT) using

SPSS and ADV procedure using STDS software are applied to detect the outliers.

Under AR(l) model, the analysis obtained by SPSS shows four outliers at time

points t:32,34,40 arrd 44 by the LRT method with the critical value 3"5 along with

the conditional least squares estimation nnethod. The suggested model is
1

(4.2.3)

Before carrying out the adjustment diagnostic on the series, the residual plot

(Figure 4"2) afi the ADV plot (Figure 4.3) are obtined. The residual plot shows

unusual jumps at time points t:32,40 and the valleys at t : 34,44leading to the

suspicion of presence of multiple outliers in the data"

Residuals
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8.80

0.00
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Time

-17.&

-%.4

I 4 7 10 13 16 19 22 25 X 31 34 Tl q $ 4 I
-4.esidual series

Figure 4.2Plot of Residuals for Base Metal and Ores Export Series

The ADV plot also gives a guideline on selection of waming value" If the

waming value 9 is chosen, it can be seen that the ADV plot in Figure 4.3 shows clear

peaks, at points t:32,40 and 44 indicating presence of outliers.
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Figure 4.3 Plot of ADV for Base Metal and Ores Export Series

The results obtained in carrying out the iterative procedure, and the results of
outlier detection analysis by two methods are summarized in the following table.

Table (4.1)

Outlier Detection of Base Metals and Ores Export Series

LRT ADV
Iteration

Position Type Position Type

I

2

J

4

IO

IO

AO

AO

32

40

44

IO

AO

AO

The ADV procedure diagnoses three outliers at time points t= 32,40 and44

Hence the suggested model becomes

(4.2.4)

For the sake of same estimation method and software, the SPSS software is

used for the parameter estimation based on the two suggested models (4.2.3) and

(4.2.4), the results are presented in Table (4.2).

zr: }o-#t rP,(32) +a,]+orrni{) +ro3Pfs)
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Table (4.2)

Estimated Parameters of AR(l) with Outliers for

Base Metals and Ores Export Series

Model (4.2.3) Model (4.2.4)
Parameter

0o

0

(D1

(02

o)3

(04

2

30.398

0.837

35"851

24"487

-2r.513

-24.320

61. I 84

5.663

0.068

7"142

5.434

5.433

7.293

28.076

0.773

36.360

24.547

-2t.453

72.063

4.654

0.476

7.892

6.197

6.196

Estimate S.E Estimate S.E

o,

From the last row of the Table (4.2), though both the estimates Ef; based on

two models show reduction in comparison with the estimate obtained on ignoring the

outliers, their values differ and model (4.2.3) gives a smaller estimate. The reduction

percentages in error variances for base rnetal and ores export series are shown in

Table (4.3).

t

Table (4.3)

The Reduction Percentage in Error Variance

for Base Metal and Ores Export Series

Estimated Variance Reduction PercentModel

AR(l) with 4 outliers (4.2.3)

AR(l) with 3 outliers (4.2.4)

61.184 (124.6349)

72.063 (t24.6349)

54.91%

42.18%

Note: The values within the parenthes€s are the estimated variances when outliers

are ignored.

From the above table, it is found that the reduction percentage of model (4.2.3)

is higher than that of model (4.2.4) and the difference between the reduction

percentages for two models is only 8.73%. At the same time, model (4.2.4) gives a

more parsimonious model, by detecting lesser number of outliers.

. ""Ed"?"s
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For the diagnostic checking of the fitted models, it is needed to check whether

the residuals are white noise or not. Thus, the characteristics of the ACF and PACF of

the residual series for the fitted models (a.2.3) and (4.2.$ are illustrated as in Figures

4"4 and 4.5 respectively.
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Figure 4.4 The ACF and PACF of Residual Series for Model (4.2.3)
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Figure 4.5 The ACF and PACF of Residual Series for Model (4.2.4)

From the above figures, it is clear that the residuals of two models do not have

any pattem and statistically significant since the estimated ACF of the residual series

for both models lie within the confidence limits (t 2 standard error) at SYo level of

significant. This indicates that the population autocorrelations can be taken as zero

j
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and the residual series is white noise. Besides, Box-Ljung Q statistics for the two

models (4.2.3) rrrrd$2.$are obtained as follows.

Tabte (4.4)

Box-Ljung Q statistic for the Two Models

Model Statistics DF sig.

AR(l) with 4 outliers (4.2.3)

AR(l) with 3 outliers (4.2.4)

17.503

15.319

t7

t7

0.421

0.573

From Table (4.4), it is found that Box-Ljung Q statistic for the two models are

not significant at So/olevel of significartce which means that the two fitted models are

adequate for the base metal and ores export series. Based on the results of these

residual analyses, the two tentative models, (4.2.3) afi (.2.4) are adequate for the

observed data series.

But, model parsimony was also considered to be an important criterion of

analysis. Thus, we can conclude that the model (4.2.4) is more suitable by detecting

lesser number of outliers for the base metal and ores export series. Hence, the

simultaneous estimation of the parameters of the model is given by

z,: 28.076l. 
-+[ro.:oor,<") 

* 
", ]* 

24.547P[40) -2L453Pt(44) @.2s)

(4.654) '-?d#iu',r.rrr, (6-re7) (6.re6)

with oJ :72.063 where the values in parentheses below the parameter estimates are

the associated standard errors. As we have mentioned above, the fitted model (4.2.5)

with an IO at t :32 (1986-87) and two AO's att: 4O (1994-95) and t: 44 (1997'98)

give us the smaller estimated variance than outlier free model (4.2"1)" Moreover, the

outliers have an effect on the autoregressive parameter, increasing from 0.691 to

0.773. The effects of outliers on the estimates of model parameters, the rnodel

specificatiorl forecasting and impact of outliers in time series modeling are serious

problemsin tirne series analysis. Hence, one should first examine whether there are

outliers in the data set before analyzing the time series and should also emphasis on

explaining the possible reasons for the occurances of detected outliers in the series.

For base metal and ores export series, a plot of outliers detected can be seen in

Figure 4.1. It is of interest to relate these features of outliers to some events which
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have occurred during the observed period. Firs! an IO with positive sign at t: 32

indicates that base metal and ores export had risen remarkably up to 66 (thousand

metric tons) in 1986-87. It was due to the fact that pure copper, one of the new items

of mineral sector, could be produced and exported during this year. In 1987-gg, base

metal and ores export continued to rise but it dropped afterwards.

Again, an AO with positive sign att: 40 is detected in 1994-95 when the base

metal and ores export rose up to 54 (thousand metric tons) and it was also obvious

that more base metal and ores could be produced, as a result of the fact that the State

owned corporations made an effort by themselves and they also made concerted effort
with both internal and external enterprises.

Finally, an AO with negative sign at t:44 indicates that base metal and ores

export dropped sharply to 8 (thousand metric tons) in 1998-99 as production of base

metal and ores fell dramatically during this year. It was due to the fact that the mineral
mines became scare, prices of some mineral dropped in world market and

consequently production of base metals and ores decreased.

4.3 Teak Export Series

The second selected economic time series for the detection of outliers is the

"Teak Export Series (in thousand cubic ton) from 1955-56 to 2005-06", The data are

plotted in Figure 4.6"

1 3 5 7 9 11 13 151719 2't 232527 293133 35 37 3941 43 4547 49

Years

Figure 4.6 PIot of reak Exporr series (1955-r9s6 to 2005-2006)

In the above figure, the values at t : 24, 36, and 46 look like the possible
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For this series, an AR(l) model is also suggested, which is given by

(l-0B)Zn:00+a

and the fitted model with no outlier is obtained as

(l - 0.391 B)h:160.465 + ar (4.3.1)

with E;: 1478.864.

By likelihood ratio test (LRT) under the AR(l) model, AO at t: 24 is

identified" Using ADV method by STDS software, an AO is also identified at the

position of t = 24. Therefore, the detection of the position and Epe outliers by the two

procedures are identical"

Since both methods detect the same type of outlier at the same position, the

suggested AR(l) model with an AO outlier att:24 becomes

(4.3.2)

The estimates of parameters for model (4.3.2) are presented in Table (4.5).

Table (4.5)

Estimated Parameters of AR(l) with an AO Outlier for Teak Export Series

Parameter Estimate S.E

Zt: oo+ro,pf2a) nfi6u,

0o

0

o)1

,]

163.207

0.932

88.921

t224.860

63.29

0.075

23.372

Hence, the simultaneous estimation of the parameters of the model is given by

h: t63.207+88.921p{zr) 1- -^l==a, (+:r.:;' I -0.9328 
I

(63.2e) Q3.372) (0.075)

with fjj : 1224.860 where the values in parentheses below the parameter estimates

are the associated standard errors.

From the above table, it is also noticed that the estimates of error variance o"2

from model (4.3.3) reduces in comparison with the estimate obtained on ignoring the

outliers from model (4.3.1). The reduction percentage in error variance by model

(4.3.3) for teak export series is given in Table (4.6).
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The Reduction
Model

AR(l) wilh an outliers (4.3.3)

AR(l) with no outlier (4.3.1)

Table (4.6)

in Error Variance for Teak Series

17.t8%

From the Table (4.6), it is noticed that the error variance for model (a.3.3) is

smaller than that for model (4.3.1) and the reduction percentage in error variance by

model (4.3.3) is 17.l9Yo when the effect of an AO att:24 is taken into account.

For the diagnostic checking, the residuals series of the fitted model with an

outlier is examined to check the residuals are white noise or not. Thus, the ACF and

PACF of the residual series for the fitted model with an outlier are plotted in

Figures 4.7.
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Figure 4.7 The ACF and PACF of Residual Series for Model (4.3.3)

From Figure 4.7,the ACF and PACF of the residuals series of the fitted model

do not form any pattern and statistically significant since the ACF and PACF lie
withintwo standard deviations for S%iolevel of significance.

Besides, Box-Ljung Q statistic of the fitted model is 17.028 which is not

significant at 5Yo level of significance. This means that the fitted model is adequate

for the teak export series. Based on the results of these residual analyses, the tentative

t
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model with an AO at t: 24 (1978-79) is found to be adequate for the observed data

series.

First, an AO with positive sign at t: 24 is found when the sharp increase of
teak export occurred in 1978-79. It might be due to the fact that as the Timber

Extraction Project implemented with World Bank Loan had been completed in

1977-78, the final year of plan period, annual teak production in the ensuring years

increased by about 100 thousand cubic tons in 1978-79 and consequently, the export

of teak rose to 182.6 thousand cubic tons in this year"

4.4 Wheat Production Series

The LRT method and ADV method are now appiled for the detection of
outliers in the "Wheat Production Series (in thousand metric ton) from 1950-51 to

2005-06'. The data are plotted in the following Figure.

1 4 7 10 13 16 19 22 25 28 31 34 37 10 43 6 49 52 55
Years

Figure 4.8 Plot of Wheat Production Series (1950-1951 to 2005-2006)

In the above figure, the values at t : 16, 29, and 34 look like the possible

outliers.

For this series, an AR(l) model is also suggested, which is given by

(l -0B)h:00+at
and the fitted model is obtained as

(1 - 0.938 B)Zn:79.832 + a

with #;:530.151.

250

200

150

100

50

Eo
F
a
a,o
o

o
g

e
tr
6

0

(4.4"1)



92

By likelihood ratio test (LRT) under the AR (l) model, an IO att:34 and an

AO at t:29 are identified. Using ADV method, an IO and an AO are also identified

at the positions of t : 34 and t: 29 respectively, Therefore, the detection of outliers

by the two procedures are identical.

Thus, the fitted AR(l) model with an AO and an IO outlier outliers is given by

Zt: oo-#t',P,('o) *u,l+corl,(2e) (4'4'2)

The estimates of parameters using SPSS for model (4.4.2) are presented in

Table (4.7).

Table (4.7)

Estimated Parameters of AR(l) with an AO and an IO Outliers

for Wheat Production Series

Parameter Estimate S.E

0o

+

o)1

02

o]

64.839

0.936

86.220

49.744

287.98r

26.308

0.035

15.628

11.223

Hence, the simultaneous estimation of the parameters of the model is given by

zt:64.839+ I [ao.zzorj") *",1-ir..t+lrrP['n) (4.4.3)
1- 0.9368 '

(26.303) (0.03s) (ls.62t) (tt.223)

with d; :287 "981where the values in parentheses below the parameter estimates are

the asSociated standard errors.

From the above table, it is also noticed that the estimate of error variance ou2

from model (4.4.3) reduces in comparison with the estimate obtained on ignoring the

outliers from model (4.4.1). The reduction percentage in error variance by model

(4"4.3) for wheat production series is given in Table (4.8)"

n"Eid
]p:reoro
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Table (4.8)

The Reduction Percentage in Error Variance for Wheat Production Series

Model Estimated Variance Reduction Percent

AR(1) with 2 outliers (4.4.3)

AR(l) with no outlier (4.4.1)

287.98t

530.151

4s.67%

From Table (4.8), it is noticed that the error variance for model (a.a.3) is

srnaller than that for model (4.4.1) and the reduction percentage in error variance by

model (4.4.3) is 45.67% when the effects of an IO at t : 34 and an AO at t: 29 are

taken into account.

For the diagnostic checking, the "residuals series of the fiued model with two

outliers is examined to check the residuals are white noise or not. Thus, the

ACF and PACF of the residual series for ttre fitted model with,outliers are plotted in

Figures 4.1l.
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Figure 4.9 The ACF and PACF of Residual Series for Model (4.4.3)

From Figure 4.9, the ACF and PACF of the residuals series of the fitted model

do not'form any pattern and statistically significant since the ACF and PACF lie

within two standard deviations for 5Yo level of significance.

Besides, Box-Ljung Q statistic of the fitted model is 12.4A7 which is not

significant at 5Yo level of significance. This means that the fiued model is adequate

for the wheat production series. Based on the results of these residual analyses, the

tentative model with an AO at t:29 (1978-79) and an IO at t: 34 (1983-84) is found

to be adequate for the observed data series.

1
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First an AO with negative sign at t:29 is found when the sharp fall of wheat

production occurred tn L978-79. It might be due to the fact that the number of
inigated area of wheat cultivation decreased relative to the previous y€ars, and the

utilization of fertilizer and amount of pure strain of seeds distributed aiso declined.

Thus, the wheat production declined to 4l thousand metric tons in lg78-7g.

Second, an IO with positive sign at t: 34 is detected as wheat production

increased to 210.2 thousand metric tons in 1983-84. The causes of such increase were

increase in the supply of pure strain of seeds, the utilization of fertilizer and

insecticides as wheat was considered as one of the most important crops. Besides,

new pure strain seeds, which becarne suitable for the climate of Myanmar, could be

produced after doing neressary agricultural research. Then, the State took necessary

rneasures to supply the pure strain of seeds to the cultivators. And, it rained enough

for the crops in late monsoon days, then the volume of wheat production not only

surpassed the production ofprevious years but also it exceeded the production target.

Similarly, production of wheat in 1984-85 continued rising but it dropped

considerably in years to come.

4.5 Lablab Bean Production Series

The data series consider here is the "Production of Lablab Bean (in thousand

metric ton) dwing 1950-51 and 2005-06". The data series is plotted in Figure 4.10.
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Figure 4.10 PIot of Lablab Bean Production Series (1950-1951 to 2005-2006)
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In the above figure, the values at t : 30 and t : 34look like the possible
outliers.

For the lablab bean production series an AR(l) model is suggested. The
suggestedmodel and fitted models are

(l-+B)7-:00*at
and

(l - 0.944 B)Zr: 45.489 + a (4.5.1)

with S; :66.765.

An AO outlier is identified at t: 30 by both LR test and ADV method using
STDS. Thus, the detection outliers using both methods are in the same fashion.

Therefore, the fitted AR(l) model with an AO outlier at t:30 in obtained as

zt: oo+ro,Pf3o) *fr;", (4.s.2)

The estimates of parameters for lablab bean production series using SpSS are
presented in Table {4.9).

Table (4.9)

Estimated parameters of AR(l) with an Ao outlier for
Lablab Bean Production Series

Parameter Estimate S.E

0o

0

o)1

o]

48.387

0.976

24.s58

49.546

37.729

0.059

4.328

Since both detection methods detect same type of outlier at same position, the
simultaneous estimation of the parameters of the model is given by

21: 48.387 +21.558P!ro) * I. 
I _O.g76Bar (4.5.3)

(37.1D) (4.328) (0.05e)

the associated standard enors.
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From the above table, it is also noticed that the estimates of error variance ou2

from model (4.5.3) reduces in comparison with the estimate obtained on i.gnoring the

outliers from model (4.5.1).

The reduction percentage in error variance for lablab bean production series is

given in Table (4.10).

Table (4.10)

The Reduction Percentage in Error Variance for Lablab Bean Production Series

Model Estimated Variance Reduction Percent

AR(l) with an outlier (4.5.3)

AR(l) with no outlier (4.5.1)

49.s46

66.76s

2s.79%

From the Table (4.10), it is noticed that the error variance for model (4.5.3) is

smaller than that for model (4.5.1) and the reduction percentage in error variance by

model 9.5.3) is 25.79% when the effects of an AO at t : 30 are taken into account.

For the diagnostic checking, the residuals series of the fitted model with an

AO outlier is examined to check the residuals are white noise or not. Thus, the ACF

and PACF of the residual series for the fitted model with an outlier are plotted in

Figures 4.1l.

Residual ACF ResidualPACF
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Figure 4.11 The ACF and PACF of Residual series for Moder (4.5.3)

From Figure 4.11, the ACF and PACF of the residuals series of the fitted
model do not have any pattern and statistically significant since the ACF and PACF

lie within two standard deviations for 5Yo level of significance except for a few lags.
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Besides, Box-Ljung Q statistic of 26.5A the fitted model is not significant at

5%o level of significance. This means that the fitted model is adequate for the lablab

bean production series. Based on the results of these residual analyses, the fitted

model (4.5.3) with an AO at t:30 (1979-30) is found to be adequate for the observed

data series.

For lablab bean production series, an Ao with positive sign at t :30 is

detected in 1979-80. This is related to lablab bean production obviously increased in
1979-80 with total yield of 63.8 thousand metric tons. It was a result of providing and

using of more fertilizers, insecticides and availability of pure strain of seeds in that

year. Additionally, varieties of beans had been started to grow in that year, with
technical assistance from the IJNDP; and leadership of the State, concerted effort of
farmers and staff of the departments concemed, and availability of arable area also led

to abundant harvest.

4.6 Lima Bean Production Series

The data series considered in this section for the detection of outliers is "Lima

Bean Production Series (in thousand metric ton) during 1950-51 and 2005-06". The

lima bean production series is plotted in Figure 4.12.

I 4 7 t0 1316t9222528 3134374A43464952 55

Years

Figure 4.12 Plot of tima Bean Production Series (1950-1951 to 2005-2006)

In the above figure, it is found that the unusual peaks at t : 5, g, l4,and 43.

They seem to be possible outliers.
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Using SPSS software, the AR(l) model

(1 -iB)Z=00*at
is suggested for this data series. The fiued model is given by

(l - 0.9348)h:4.31+ at (4.6.1)

with the variance ffz :1.0486 by the conditional least square estimation procedure.

Under AR(l) model, the analysis obtained 'by LRT method shows three

outliers such as an Ao at time point t : 14, two lo's at time points t : 7. The

suggested outlier model is

(4.6.2)

Before carrying out the adjustment diagnostic on the series, the residual plot

(Figure 4.13) and the ADV plot (Figure 4.14) are plotted.
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Figure 4.13 PIot of Residuals for Lima Bean Production Series

The above residual plot shows unusual points at time t: 14 to the suspicion of
presence of outlier in the data.

h-- 0o.+t ,P,(') *(02Pt(r0) *u,l*o3Pt(r4)

:
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Figure 4.14 PIot of ADV for Lima Bean Production Series

The ADV plot is now applied to detect the outlien in lima bean producri::

series. The above ADV plot indicates that the obsen,ation at t : 14 is a possib..

outlier of AO type. Based on the ADV plot, we select the uarning value to be 9"

The results obtained on carrying out the iterative procedure, and the resulls c

outlier detection analysis by two methods are summarized in Table (4.1l) below.

Table (4.11)

Outlier Detection of Lima Bean Production Series

LRT ADV
Iteration

Position Type Position Type

I 7

10

t4

IO

IO

AO

t4 AO

t47l013t61922U

-_AO 
Adjusred

2

J

B3lyt|{{346832JJ
------IOAdiuclrd

The ADV procedure diagnoses an .{O at t: 14. Hence the suggested model

becomes

Zt= Qo+ or,Pjla)
1+-a.l-08 f

For the sake of same estimation method and software, we use the SPSS

software for the parameters estimation based on the two suggested models (4.6.2) and

(4.6.3), the estimation results for lima bean production series are presented in Table

(4.r2).

(4.6.3)

I
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Table (4.r2)

Estimated Parameters of AR(l) with Outliers for Lima Bean Production Series

Parameter
Model (4.6.2) Model (4.6.3)

Estimate S.E Estimate S.E

0o

+

o)1

(D2

(03

2.775

0.025

0.651

0.650

0.464

4.813

0.96t

3.249

2.096

0.037

0.570

6.672

0.974

-2.307

-2.543

3.249

0.423o 2 0.658

From the last row of the Table (4.12),though both the estimates o] based on

the two models show reduction in comparison with the estimate obtained on ignoring
the outliers, their values differ and model (4.6.2) gives a smaller estimate of error
variance. The reduction percentages in error variances for lima bean production series

are shown in the following table.

Table (4.13)

The Reduction Percentage in Error Variance for Lima Bean production Series

Model Estimated Variance Reduction Percent

AR(l) with 3 outliers (4.6.2)

AR(l) with I outlier (4.G.3)

0.423 (1.049)

0.658 (1.04e)

59.77%

37.30%

Note: The values within the

are ignored.

parentheses are the estimated variances ou when outliers

In the above table, the reduction percentages in error variances obtained from
model {4.6.2) is higher than those obtained from model (4.6.3) and the difference

between the reduction percentages is 22.47%. At the same time, by detecting less

number of outliers model (4.6.3) gives a more parsimonious model.

For the diagnostic checking of the fitted models, it is needed to check whether

the residuals are white noise or not. Thus, the characteristics of the ACF and pACF of
the residual series for the fitted modeh (a.6.2) and (a.6.3) are illustrated as in Figures

4.15 and 4.16 respectively.
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ResidualACF ResidualPACF
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Figure 4.15 The ACF and PA.CF of Residual Series for Model {4.6.2)

From the above figures, it can be seen that the lag I ACF and PACF of the

residuals of model (4.6.2) do not lie within the confidence limits (+ 2 standard error)

at 5iP/o level of significance. This indicates that the population autocorrelations cannot

be taken as zero and the residual series is not white noise. Based on the results of

these residual analyses, the model (4.6.2) is not adequate for the lima bean production

series"
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Figure 4.16 The ACF and PACF of Residual Series for Model (4.6.3)

From the above figures, it is clear that the residuals of model (4.6.3) do not

have an1'' pattem and statistically significant since the estimated ACF of the residual
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series for model (4.6.3) lie within the confidence limits (+2 standard error) at 5Yo

level of significance. This indicates that the population autocorrelations can be taken

as zero and the residual series is white noise.

Besides, Box-Ljung Q statistic of the fiued model 15.319 is not significant at

5Yo level of significance. This means that the fitted model is adequate for the lima

bean production series. Based on the results of these residual analyses, the assumed

model (4.6.3) with an AO at t -- 14 is f,ound to be adequate for the observed data

series.

Moreover, model parsimony was also considered to be an important criterion

of analysis. Thus, we ffin conclude that the model (4.6.3) is more suitable by detecting

lesser number of outliers for the lima bean production series. Hence, the simultaneous

estimation of the parameters of the model is givenby

t

Q.0e6) (0.s70) (0.037)

with fif, : 0.658 where the values in parentheses below the parameter estimates are

the associated standard errors. As we have mentioned above, the fitted model (4.6.4)

with an AO at t: 14 (1963-64) gives us the smaller estimated variance than outlier

free rnodel (4.6.1). Moreover, the outliers have an effect on the autoregressive

parameter, increasing frorn 0.934 to 0.961.

For lima bean production series, an AO with positive sign att: 14 is found in

1963-64, as can be seen in Figure 4.12. This pointed out that lima bean production

reached up to 7.4 thousand metric tons in 1963-@. The main cause of such a rise was

farmer's ability to grow lima bean extensively, due to more demand for that bean; they

gr€w more as the earned favorable price last year. Moreover, vermicelli makers in

Monywa District bought them a lot, and as lablab bean crop could not be grown in

time in some districts, lima bean were grown in place of lablab bean. Besides, the

State encouraged the farmers to grow subsidiary crops, as there was wide availability

acreage of alluvial soil along the flooded river banks; they could extend their acreage,

and the plants got enough rain in that year, leading to a good harvest.

l
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CIIAPTER V

FORECASTING AND FORECAST EVALUATION FOR

SELECTED ECONOMIC TIME SERIES WITH OUTLIERS

5.1 Forecasting and Forecast Evaluation

Forecasting is most often part of a larger process of planning and managing. It

is necessary to provide accurate estimates of the future for this larger process. A

forecast is a probabilistic estimate or description of a future value or condition. The

forecasting is clearly an important factor in planning and decision making. It also

plays a crucial role in business, industry, government and institutional planning

because many important decisions depend on the anticipated future values of certain

variables.

The most important aspect in th€ conduct of time series analysis is the use of
past and present data or available observations to predict future values. Usually, a

time series can be exactly predicted in which case it is considered to be deterministic.

However, most of the time series data encountered in real situations are stochastic in

nature in that the future values are only partially determined by past values. In this

case, exact predictions are impossible. Instead, future values are logically thought of
as having some probability distribution, which is based upon past values. The use of
available observations at time "t" to predict or forecast at some future time "t+L" can

serve many purposes of economic and business planning. As Nelson (1973) stated

"The better the forecasts available to management are, the better their performance as

rneasured by the outcomes of decision will be."

Forecasts for the time series data can be formed in various ways. The rnethod

chosen depends on the purpose. Box and Jenkins {1976) demonstrated that forecasts

from ARIMA models are said to be optimal forecasts. This means that no other

univariate forecasts have a smaller mean-squared'forecast enor (MSE).

In this chapter, the minimum mean square error forecast for the fitted models

presented in Chapter IV are obtained together with their respective 95%o lower and

upper confidence limits" These models can also be used to update forecasts when new

information becomes available. Moreover, the mean absolute percentage error

(MAPE) values are also computed for each of the fitted models to check accuracy of
the forecasts.

I
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5.2 Forecast Evaluation Measures

A rnodel's forecast accuracy can be enhanced by measuring both absolute and

relative measur€s of error. But, the absolute measures such as mean of error (ME),
mean absolute deviation (MAD), sum of squared errors (ssE), mean squared enors
(MSE) and residual standard error (RSE) are very much dependent on the scale of the
dependent variable. AIso, these absolute measures do not allow comparisons of results
over time or between time series. Fortunately, there are several relative measures of
forecast accuracy that facilitate model comparisons, including percentage error (pE),
mean percentage error (MPE) and mean absolute percentage error (MApE) which can

be computed using the following formulas

PE: et

Ar
x 100

MpE: 1if:,_1" roo
n ii(A, /

MA,E = lifl:,l), roo .

" ii[A, /
where n: number ofperiods

e1: forecast error

A1:8cfu81 value

t: some time period

The PE merBures the ratio of the error to actual and the MpE is the mean or
average of the PE's. Just as is true for the ME, the MPE should typically be near zero
as positive errors are offset by negative errors. In contrast, absolute values of errors
are used in the MAPE; thus, positive and negative errors do not offset each other
Thus, the ME and MPE do not measure error scatter like MApE.

The MAPE is a sum of the absolute errors for each time period divided by the
actual value for the period this sum is divided by the number of periods to obtain a
mean value" Then, by convention, this is multiplied by 100 to present it in percentage

terms" This is a simple meastue permitting comparison ac.ross different forecasting
models with different time periods and number of observations and weighting all
percentage error magnitudes the same. Lower MAPE values are preferred to higher
ones because they indicate a forecasting model is producing smaller percentage errors.

,'i
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Moreover, its interpretation is intuitive. The MAPE indicates, an average, the

percentage etror a given forecasting model produces for a specified period- Lewis

(1982) suggested that a MAPE of less than l0% is considered highly accurate

forecasting, a MAPE in the range lff/o to 20Yo is good forecast, a MAPE between

20Yo and 50% is reasonable forecast and a MAPE of greater than 50% is considered

as inaccurate forecasting

Delurgio (1998) said that when using percentages or ratios, it must be cautious

because extremely small denominators can yield extremely high percentages or ratios.

This problem is prevalent in f,orecasting whenever the actual values are very low.

Thus, percentage measures have to be monitored for low denominators. Although

such low actual values may be outliers and therefore should be adjusted, frequently

they are not.

Pankratz (1983) suggested that MAPE is useful for conveying the accuracy of
a model'to managers or other non-technical users. He also stated that the MAPE

roughly suggests the kind ofaccuracy that can be expected from forecast produced by

fitted model. How€ver, the preferred way ofconveying forecast accuracy is to derive

confidence interval fbr the forecast values.

5.3 Minimum Mean Square Error Forecast

To derive the minimum mean sqrnre error forecasts, consider the general

stationary ARMA (p, q) model

0(B)2, =o(B)at (5.3.1)

where 0(B): I -0,B-O,82 -"..-0pBpande(B): l-0rB -AzB2 -... -0oBqare

polynomiats of degree p and q in B, $i, i : 1,2, .. ., p and 0;,j : l,Z, .. ., q are the

autoregressive and movlng average parameters of the time series respectively and B is

the backward shift operator, that is,H 7<:4-j.In the above model, a1 is the white

noise or error series with mean zero and variance ou2referred to as the error variance.

Because the model is stationary, it can be written in moving average

representatiorl

Z, =r4t(B)a,

: &t * vrot_r +r[2at_2 +...

,1t

(s.32)
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where

jBj
e(B) (s.3.3)\r(B) v
0(B)

and rye:1" Fol t: n * L, we have

Zn+L =i*rur*r-r. (5-3.4)

F0

Suppose at time t: n we have the observations Z n,Z n-t,Z ^-2t" ' and wish to

forecast L-step atread of future value Z n + L as a linear combination of the

observations Zn,Zn-t,Z,na Since Zt fot t:11,n-l,n'2,"'can all be

written in the form of Equation (5" 3.2), let the minimurn mean square elror

forecast 2^{r) of Z,*tbe

2^{D:V"Lan+ \y'L*r &n-l * V'L*zan-2* -.. (5.3'5)

where V'; at" to be determined. The mean square error of the forecast is

which is easily seen to be minimized when Vi.*.;= Vr-+.; . Hence,

Z"(L): VL tI n + lyl+l o n-l * VL+2 8 n-z * (s"3.6)

By using Equation (5. 3. 4) and the fact that

i
j=0

EVn*t-Zn(L)12: "3iv? * oSifvr.*: -vi.*;12,
Fo j=o

E(an*,lZ,,Zn-r,...)= 
{"1.r, ] ::J

Then

E(Z^*LlZn,Zn-1,...) = VLB. * VL*r&n-r + r.lrl+2an-2 +... '

Thus, the minimum mean square error forecast of Z n+L is given by its conditional

expectation" That is,

2^&) =E(zn*tlzn,zn-1,...) (5-3.7)

Z^&)is the L-step ahead forecast of Z^*rat the forecast origin n.

The forecast error is

L-l
e, (L) = zn+L -2r$-) = Iv jan*r-j- (5'3'8)

j=0
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Because E[e"(L) lZ t,t( n] : 0, the forecast is unbiased with variance

L-lvtz,G)l=vfen(L)l="3Iv?. (s.3.e)
j=0

If the random shocks at's are normally distributed and if it has been estimated

an appropriate model with a sufficiently large sample, forecasts from that model are

approximately normally distributed. Therefore, confidence intervals around each point

forecast using a table of probabilities for standard normal deviations can be

constructed. Thus an approximate (l-a)l}O% confidence interval for the forecast is

given by

^ l- L-, -li
2^(t)*N",,1 r+f,vf I o, (s.3.lo)

L r'' 'J

where No, is the standard normal deviate such that P(Z> Zon) ct

2

5.4 Forecasting Each Data Series with Fitted Models

The adequately fitted models presented in Chapter IV were used in

forecasting. In this section, the minimum mean square error forecasts for the fitted

models are obtained together with their respective 95Yo confrdence intervals. The

forecast values for five years ahead, that is from 2006-2007 to 2010-2011 are also

computed and presented together with their respective 95% lower and upper

confidence limits for each data series.

5.4.1 Base Metal and Ores Export Series

The fitted AR(l) model with an IO at t :32 and two AO's at t:40 andt:44

for base metal and ores export series is given by

zt = 0 o- +tr,P,(") 
* a, l+,orrf*) + r,rrPfe)

where the estimated paranreters are 06 : 28.076, $ : 0"773, ror : 36.360, (02 =

24.547and to3 : -2l.453with ol : 72.053.

Using the observatrottsT<i t= l, 2, ...;.,51(from 1955-1956 to 2005-2006), the

forecast valuues Zsz(2N6-2007), Ze(2007-2008), Zsq(2008'2009), 255(2009-2010)

and Zss(2010-2011) with tbeir 95Yo lower and upper confidence limits are to be

obtained" The procedure is as follows:
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The above fitted AR(l) model with 3 outliers can be rewritten as

(l-0BXZ, - 0o) = rolPfrz) + (l-+B)t ro2Pfio) + co3Pfe) 1+ a'

,7n- oo)- 0 (2.-r - eo) : r,P,(") + (l-$B)t o2pfol + ro3Pfa) 1+ ar

@r- 0o) : i (Zt-r- 0o) + orPJ32) + (l-QB)[rorPfo) + to3Pje)1 + a1

and the general form ofthe forecast equation is

2r&):00 * O t|.g- - 1) - 0o I +orPJ")* (t-4s)[ ro2p,taol + ro:PJ4) ]

:00(l - O) + +'zn* rolPflz)* ro2pfol* ro:PJ4) - $olzPJls)- $co:PJa:) ; L >1

(s.4.1)

where L is the lead time.

Then, the (l - a) 100% forecast limits are computed using the formula in

Equation (5.3.10). Thus, the forecast values fot Zsz(2006 - 2OO7), Zst Q007' 2008),

zsq (2008 - 20ag),255(20a9-2010), Z56Q0l0-2011) and ther 95Yo lower and upper

forecast limits are obtained as follows:

Table (5.1)

Forecast Values and their 957o Forecast Confidence Limits

for Base Metal and Ores Exports Series

Time Point Year Forecast Lower Limits Upper Limits

13.82

9.33

6.97

5.60

4.78

For base metal and ores exports series, the forecast values and their 95%

forecast confidence limits are plotted in Figure 5.1.

a

t-52
t:53
t: 54

t=55

t: 56

2006-07

2007-48

2008-09

2009-10

2010-l I

29.57

29.24

28.98

28.78

28.62

45.32

49.14

50.99

51.96

52.47
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Observed
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- 
Forecast
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,:
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x'igure 5.r Plot of Forecast Yalues and their 95yo Confidence Limits

for Base Metal and Ores Exports Series

5.4.2 Teak Export Series

For the teak export series, the fitted AR(l) model with an AO at time t :24 is

obtained as

Z, = on+ {0,P,'20' * .]* u,
1_OB L

where the estimated parameters are 06 : 163.201, $ : 0.932 and otr : gg.92l

with o'l :1226.86.

Based on the observations for teak export, zt;t: L,2,.. . ,51 (from l9s5-
1956 to 2a05-2006), the forecast values zsz(2006-20a7), zn('2007-200g), 254{z0ag-

2009), z5s?0a9-zal0) and zs6(2arc-zaL]o with their 95% lower and upper

confidence limits are to be computed. Then, the procedure is as follows:

The above fitted AR(l) model with an Ao outlier can be written as

(1 - SBXA - 0o) : (t - 0B) r,r1p,(24) + a,

{2, - Ail - 4 {Zrt- 0o) : (1 - 0B) ar,pJ2a) * a,

Zr- Ao: $ (Zor - 0o) + (1 - gB) rolP/2a)+ s,

L.: ao + 0 (Zur - 0o) + (l - $B) ro1p,(24) + s,
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and the general form ofthe forecast equation is

2r&) :0o * q tz,G -t) - 001 + (l - 4n1rorpJ2a)

- 0o (1 - 0) + i'Zu+ rolPf2r) - $rolpjzrl ; L >l (5.4.2)

where L is the lead time.

Then, the (l - o) 100% forecast limits are calculated usrng the formula in

Equation (5.3.10). Thus, the forecast values for 25d2006-2007), ze(2001-?o0l),

ZstQ008'2009),255Q009-2010) and ZsaQ|l0-2011) as well as their 95oZ lower and

upper confidence limits are obtained as in the following table.

Table (5.2)

tr'orecast Values and their 957o Forecast Confidence Limits

for Teak Export Series

Time Point Year Forecast Lower Limits Upper Limits

t:52
t: 53

t:54
t: 55

t:56

2AM-07

2007-08

2008-09

2009-10

2010-l I

321.51

310.80

300.81

291.50

282.82

2s7.28

222.98

196.74

t75.t4

156.74

38s.75

398.62

404.88

407.86

408.90

For teak export series, the forecast values and their respective 95olo forecast

confidence limits are plotted in Figure 5.2.

D'
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Figure 5.2 PIot of Forecast Values and their 95% Conlidence Limits

for Teak Export Series

5.4.3 Wheat Production Series

The fiued AR(l) model with an IO at t: 34 and an AO at t: 29 for wheat

production series is given by

z, = oo. 
#tt,P,('o) 

* a, ]+ rorP,(")

where the estimated parameters are 06 : 64.839, $ : 0.936, ar : 86.220 and

arz: -49.744 with ol :2SZ.IAt.

From the observations on wheat production Zt , t: l, 2, .....,56 (from 1950-

1951 to 2005-2006) and the forecast values Zs7 (2006'2007), Zss (20A7'2008), Zss

(2008-2009), Zeo{2A09-2010) and Ze(2010-2011) with their 95%o lower and upper

confidence limits are to be obtained. Then, the procedure is as follows:

The above fitted AR(l) model with 2 outliers can be rewritten as

(1-OBXZI - 0o): ro1P,(34) + (l-0B)t orrP,(ze)l+ a,

(2, - 00) - S (Zur - 0o) - rrr1P,(3a) + (l-OB)t r,r2Pf2e)l+ a,

(2,- 0i:6 (4-r- 0o) + olPr(3at + (1-SB)[rrrrP,(")]* u,

21:06*g (h_t - 0o) + corp,(341+ (1-08)[rrR(")]* u,

\,
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and the general form of the forecast equation is

2r&)= 0s * O lZrG - 1) - 0s I +co1PJ3o) + (1-0B)t 
'rPJ")I

:00(1 -$)+ itZn+colPfr+)*<o2Pi2e)-$rrPJ'*) ; L>1 (5'4'3)

wlrere L is the lead time.

Then, the (l - c) 100%o forecast timits are compu.ted usrng the formula in

Equation (5.3.10). Thus, the forecast values fot zst(2006-2007), ZstQ007-2008),

zss(2008-2009), zeoQ009-2010), kta0l0-2011) and their 95% lower and upper

forecast limits are obtained as follows:

Table (5.3)

Forecast values and their 9570 Forecast confidence Limits

for Wheat Production Series

Time Point Year Forecast Lower Limits Upper Limits

t:57
t: 58

t: 59

t:60
t:61

2006-07

2007-08

2008:09

2009-10

2010-1 1

148.0

142.7

137.8

138.5

133.8

t17.2

100.5

87.6

82.3

72.8

t78.9

185.0

188.0

t94.7

194.8

For wheat production series, the forecast values and their 957o forecast

confidence limits are plotted in Figure 5.3.

!
I
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Figure 5,3 Plot of Fore$st values and their 957" Confiderce Limits

for Wheat Productior Series

5.4.4 Labtab Bean Production Series

For the lablab bean production series, the fitted AR(l) model with an Ao at

time t: 30 is obtained as

z, = oo+ o,Pf3o) * =f u,
1- sB

where the estimated parameters are 0o : 48.387, O : 0.976 and rrrt :24'558

with o] = 49.546.

Using the observations on lablab bean production, h;t: \,2, , . . ,56 (from

1950-1951 to 2005-2006) and the forecast values zst(2006-2007), z5s(2007-2008)'

zsg(2008-2009),26s(2009-2010) andza{2a10-2011) with theit 95Yo lower and upper

confidence limits are to be computed. Then, the procedure is as follows:

The above fitted AR(l) model with an AO outlier can be written as

(1 - SBXZT - 0o) : (1 - OB) rorPJ3o)+ a,

(2, - 00) - $ {Zt t- 0o): (1 - OB) r'rrPJ30)+ a'

Zr- Ao:0 (Zur - 0o) + (1 - $B) corP/3o) + a'

h:00+ { (21-1 - 06) + (1 - 0B) corP,(3o)+ a,

:_
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and the general form ofthe forecast equation is

Zr(L):00 r + tz,{L-l) - egl + (1 - 441 rorPJ30)

:00 (l - 0) + it Zn+colPiro) - S*,PJ") ; L >1 (5.4.4)

where L is the lead time.

Then, the (l - c) 100% forecast limits are calculated using the formula in

Equation (5.3.10). Thus, the forecast values for 2sil2006-2007), Zss(2A07-2008),

Zsg(?A0g-Z0Og),2@(2009-2010) andZar(2010-2011) as well as their 95olo lower and

upper confidence limits are obtained as in the following table.

Table (5.4)

Forecast Values and their 957o Forecast Confidence Limits

for Lablab Bean Production Series

Time Point Year Forecast Lower Limits Upper Limits

t:57
t: 58

t: 59

t: 60

t: 6l

2006-07

2007-08

2008-09

2009-10

20r0-1 I

89.6

88.6

87.7

86.8

85.9

77.5

71.7

67.2

63.4

60.0

101.7

105.6

108.2

110.2

ttt.7

For lablab bean production series, the forecast values and their respective 95olo

forecast confidence limits are plotted in Figure 5.4"
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Figure 5.4 Plot of Forecast Values and their 95%o Confidence Limits
for Lablab Bean Production Series

5.4.5 Lima Bean Production Series

For the lima bean production series, the fitted AR(l) model with an AO

at time t: 74 is given by

z, = oo+ t'l,Pl'o' +, 1;a't t 1-0B

where the estimated parameters are 06:4.813, $ :0.961 and clt:3.249 with

o'l: 0.654.

Based on the observations for lima bean production,Tt;t:1,2, ' ' ' ,56

(from 1950-1951 to 2005-2006) and the forecast values 257(2006'2007), Zss{2047-

200g), Zss(2009-2009),Zao(2009-2010) and2o{2010-2011) with their 95% lower and

upper confidence limits are to be computed. Then, the procedure is as follows:

The above fitted AR(l) model with an AO outlier can be written as

(1 - $BXZr - 0o) : (1 - SB) o1P/ra) + 4.

(Zr- 0o) - i (2,-t - 0o): (1 - SB) r,rlPfla) + a1

Zr- 00: $ (Zur - 0o) + (1 - $B) r,r1Pf1a) + a1

Zt:0a+ 0 (&-r - 0o) + (1 - $B) culPf 
ra)+ 

a,L
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and the general form ofthe forecast equation is

2,$-):00* i 12,(L -l) - e6l +(1 - QB) colPfta)

: oo (1 - 0) + b'k+ or1P,(r4) - 0rolPjr) ;

where L is the lead time.

Then, the (l - o) 100% forecast limie are calculated using the forrnula in

Equation (5.3.10). Thus, the forecast values for Z1(2A0G2007), Zsa{2007-2008),

ks8008-2009), Z60(2009-2010) and Zar(2010-201l) as well as their 95Yo lower and

upper confidence limits are obtained as in the following table.

Table (5.5)

Forecast Values and their 957o Forecast Confidence Limits

for Lima Bean Production Series

Time Point Year Forecast Lower Limits Upper Limits

L>l (s.4.s)

9.2

9.7

10.0

10.3

r0.s

t:57
t:58
t: 59

t: 60

t: 6l

2006-07

2007-08

2008-09

2009-10

2010-t I

7.6

7.5

7.4

7.3

7.2

6.0

5.3

4.7

4.3

3.9

For lima bean production series, the forecast values and their respective 95olo

forecast confidence limits are plotted in Figure 5.5.

J/
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Figure 5.5 Plot of Forecast Values and their 957o Confidence Limits

for Lima Bean Production Series

5.5 X'orecast Evaluation for Fitted Models

The mean absolute percentage error (MAPE) values for the models fitted to

each series are computed to evaluate the performance of the model frtted to each data

series and they are presented in the following table.

Table (5.6)

The MAPE Yalues for the Fitted Models

Series MAPE

l. Base Metal and Ores Export

2. Teak Export

3. Wheat Production

4. Lablab Bean Production

5. Lima Bean Production

L ] According to Table (5.6), it can be seen that the MAPE values of the fitted

models for teak export series and lablab bean production series are less than 20o/o.

Therefore, the forecast values for these two series are generally considered to be

- -tEH"?d
tefry*trqd



29.57

321.51

148.0

89.6

7.6

27.0

347.0

140.2

93.2

9.1

13.82

257.28

177.2

77.5

6.0

118

45.32

385.75

178.9

101.7

9.2

good. Since the MAPE values of the fitted models for base metal and ores export

series, wheat production series and lima bean production series lie between 20% and

50oh, itcan be concluded that forecast values from the fitted models to these three

series are generally considered to be reasonable'

The control charts f,or the fitted model for each data series in this study are

presented in Appendix C, Figure Cl to C5. They suggest that the fitted values lie

between 95% upper and lower confidence limits and those values fluctuate around

with original values for all observed data series in this study' Thus, the fitted model

for each data series selected in this study fits the coresponding data sufficiently well

and they can give short-term forecasts'

The forecasts for five yezus ahead (from 2006-2007 to 2010-201l) are also

presented in Tables (5.1) to (5.5) and plotted in Figures 5'1 to 5'5 together with their

g5% upper and lower prediction limis. It is also observed that all the forecast values

fall within the 95o/o upper and lower confidence limits of the each of the forecast

values for all observed series in this study. Therefore, the forecast values are generally

considered to be accePtable.

Moreover, the forecast values for one year ahead, that is, for the yeu 2006-

2007 together with actual values for the same period are also presented in the

following table since the actual values of the data series selected in this study become

available. This was done to co{npare the actual and forecast values and thereby

provide the bases for evaluating the adequacy of the forecast values in presenting data

series to which they have been fitted.

Table (5.7)

Forecasts, Actual Values and 957, Upper and Lower confidence Limits

for 2006-2007

Series Forecast Actual Lower Limit Upper Limit

t l

l. Base Metal and Ores ExPort

2. Teak ExPort

3" Wheat Production

4. Lablab Bean Production

5. Lima Bean Production
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Results for forecasting presented in Table (5'7) shows that differences

between actual and forecast values for the same period are moderate in all data series'

Even if there are some differences between actual and forecast values' all forecast

values and all actual values fall within the upper and lower confidence limits of each

of the forecast values for all data series which ate artalyznd in this study'

It



CHAPTERVI

CONCLUSION

The analysis of time series data becomes very complex when the included

values are not typical of the past or future. These non-typical values are known as

outliers, which are very large or small observations that are not indicative of repeating

past or future patterns. outliers in an economic time series include deviations that

occ,r because ofunusual events such as pohcy changes, environmental regulations,

economic changes, advertising promotions, supply intemrptions, natural disasters'

wars, strikes and similar events. However, in many practical sifuations, the causes and

timing of occurring outliers may be unknown'

outliers may exist in economic time series data and can at least theoretically

have harmful effects on their analysis. It is diflicult to say that how frequently outliers

are occurred and which is the best way to describe them (that is, additive or

innovational outlier or others), how serious a threat they pose in practice' and how to

handle them or indeed whether anything at all should be done about them'

In practice, the presence of outliers is assumed as indicated in the gaph at the

start of analysis, additional procedures for detection of outliers and assessment of

their possible impacts are very essential. we should stress the importance of adjusting

outliers prior to and during the analysis of time series data' Even more emphasis

should perhaps be placed on examining and explaining the possible causes of detected

outliers in the observed data.

In time series, outliers can take several forms. Fox (1972) early gave the

formal definition and classification of outliers in a time series' He proposed a

classification of type I and type II outliers based on an autoregressive model' These

two types have later be renamed as additive outlier (AO) and innovational outlier (Io)

and these two types of outliers are focused in this study'

An AO only affects a single observation of atime series, which is either larger

or smaller in value than expected. In contast, IO affects several subsequent

observations in a time series. But, AO's are ttre most troublesome whereas Io's often

have lesser effect than AO's. Moreover, an IO only affects one residual of the series'

On the other hand, an AO affects the next consecutive residuals in the series as well'

This effect has several consequences for any further analysis of the residuals and the

t
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error variance will also be inflated and more alarrringly, the outlier may create a

pattern into the residuals (Tolvi, 1998).

The presence of such outliers in a time series can also have substantial effects

on the mean and variance of the series. The impact of presence of a single outlier on

the series mean and variance is investigated based on AR(1), MA(l) and ARMA(I,I)

series using simulated data. It is observed that the larger the rnagnitude of outlier, the

higher the mean and variance are obtained. Besides, it is found that the effect of IO on

mean is much more significant for both AR(l) and ARMA(I,I) series but the effect of

AO on the mean is much more prominent for MA(l) series. In addition, it is also clear

that the effect of IO on the variance is much more obvious than that of AO for both

AR(l) and MA(l) as well as ARMA(l,l) cases. Moreover, it can be concluded that

the effect of outlier on mean and variance depends on both magnitude and type of

outliers.

In time series, outliers can affect on ARMA model identification, estimation

and forecasting. First of all, outliers affect the autocorrelation structure of a time

series and therefore they also bias the autocorrelation function (ACF) and partial

autocorrelation function (PACF). These biases can be severe and they depend on'

besides the obvious at6ibutes like the Upe and magnitude of outliers, also the

underlying model and its autocorrelation structure. (Detsuh, Richards, and Swain;

1990). ARMA model identifrcation is traditionally based on the ACFand PACFand

will in the presence of outliers therefore be misleading, unless outliers are somehow

taken into account (Tolvi, 1998). From the simulated results, it is found that the

estimated value of tag-l autocorrelation pr does not change significantly for IO case

of both AR(l) and MA(l) series. However, the estimated value of pl decreases as the

value of outlier parameter increases for AO case of both AR(l) and MA(l) series' For

ARMA(I,I) series, estimated value of pl decreases as the value of outlier pararneter

increases for both Ao and Io cases. But, the effect of pl is much more obvious in the

case of Ao than that of Io for ARMA(l,l) series. The same conclusion can be made

for the effect of outlier on the PACF since ttre values of both lag-1 autocorrelation p1

and lag-l partial autocorrelation 0rr are identical for AR(l), MA(l) and ARMA(I,I)

series. It can also be concluded that the effect of the pr€sence of a single outlier on the

estimates of ACFand pACF depends on both the magnitude and type of outliers for

the underlying models of AR(l), MA(l) and ARMA(I,1)'
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Similarly, outliers bias the estimated ARMA model's parameters and

estimated error variances as well. Chang and Tio (1983), Chen and Liu (1993)

suggested that the AO outliers cause substantial biases in estimated ARMA

paramet€rs, whereas IO's have only minor effects. Ledolter (1989) also stated that

outliers inflate the estimated error variance of the series. Based on the simulated

results, it is found that estimated parameters (that is, $ and 0 for AR(l) and MA(l),

respectively) do not vary significantly with change in the magnitude of outlier

parameter for the case of IO of both AR(l) and MA(l) series. However, it is also clear

that the estimated values of parameters { and 0 decrease with the increasing

magnitude of outlier parameter for the A0 case of AR(l) and MA(l) series,

respectively. For ARMA(l,l) series, it is also observed that the estimated values of

autoregressive parameter $ do not differ significantly with the change in the

magnitude of outlier for both AO and IO cases. But, the estimated values of moving

average parameter 0 do not vary obviously with the increasing magnitude of outlier

parameter in the IO case whereas the estimated values of moving average paramet€r

0 decrease noticeably with the increasing magnitude of outlier parameter in the AO

case of ARMA(l,l) series.

According to simulated results, it can also be seen that the error variance tends

to get overestimated with the larger values of outlier parameter for both AR(l) and

MA(l) as well as ARMA(l,l) cases, irrespective type of outlier. This overestimation

is more prominent in the AO than that of IO for both AR(l) and MA(l) as well as

ARMA(I,1) series. In addition, it is also found that the effect of presence of outlier of

either type on error variance is much more than that on the estirnated parameters for

these series. Besides, it can be concluded that the effect on the estimates of time series

parameters as well as the error variance depends on both magnitude and type of

outlier"

Outliers can also affect on the model selection criteria including (Akiake's

Information Criterion) AIC and BIC (Baye's Information Criterion) as well as they

can bias the selection of the model because the cornputation of AIC and BIC based on

the estimated error variance. From the simulation study, it is observed that the

increasing values of AIC and BIC are obtained as the values of outlier parameter

become larger and the effect of outlier on both AIC and BIC is also much more]
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significant in the case of AO than that of IO for both AR(l) and MA(l) as well as

ARMA(I,1) series.

The presence of a single outlier can result in a true AR model being falsely

identified as a MA or an ARMA model, and that the identified lag length G and q)

can also be misspecified. The simulated results also suggest that the percentage of

correct model selection declines as the value of outlier parameter increases in the AO

case whereas it is not true in the IO case of both AR(l) and MA(l) series. It can also

be concluded that the effect of Ao is more serious for both AR(l) and MA(l) models

identification but the effect of IO is not as clear as that of AO.

Besides, the existence of outilers in a time series can aflect on the time series

model building stages such as model identification, parameter estimation, diagnostic

checking and forecasting. Thus, the investigation into the presence of outliers,

detection of position of outliers, identification of type of outlier, estimation of

parameters in the presence of outliers, assessment of their effects on the analysis and

the remedial measures to accommodate the outliers is a crucial aspect of time series

analysis.

For detection of outliers, simple statistical tools such as time series plots.

frequentcy distributions and simple t-tests can be used. These methods are simple and

perhaps useful in some cases, but obviously not sufficient for the wide variety of

sit,ations encountered in empirical time series analysis" It is therefore necessary to

consider more complicated but effective methods and some of these are presented in

the present study. The methods described are classified as likelihood ratio test,

influence firnction method, Q statistics, leave-k-out diagnostics and likelihood

displacement for outlier diagnostic.

In Myanmar, many economic time series were affected by events that are

planned by decision makers and caused by economic changes, weather conditions,

out-of-stock situations, competitors and similar events. This study attempts to detect

the timing of the presence of outliers, identifies ttre type of outliers in selected

economic time series of Myanmar and also explains the possible causes of occurrence

of such outliers in each observed data series. In the detection and estimation of

outliers, this study focuses only on the applications of likelihood ratio test (LRT)

using SpSS software and adjustment diagnostics based on elror variance (ADV)

procedure using STDS software. Then, using SPSS software, ARIMA models u'ith

outliers are constructed for selected economic time series and the future values for

,-1

\,
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five years ahead are forecasted based on the fiued models which could be useful in

decision-making and planning purposes.

For detection of outliers in selected economic time series of Myanmar, the

following ARIMA models with outliers are obtained.

(l) AR(l) model with an IO outlier att:32 ardtwo AO outliers at t : 40 , 44 for

base metal and ores export series

(2) AR( I ) model with an AO outlier at t : 24 for teak export series

(3) AR( I ) model with an AO outlier at t : 29 and an IO outlier at t : 34 for wheat

production series

(4) AR(l) model with an AO outlier at t:30 for lablab bean production series

(5) AR(l) model with an AO outlier att: 14 for lima bean production series

To evaluate the forecast values, the MAPE values for the model fitted to each

data series are also computed. Since the MAPE values for all data series are less than

507o, the forecasts obtained from the fitted models are considered to be accurate.

The estimated values and their 95% upper and lower prediction limits as well

as the actual values for the studied periods of each observed data series are presented.

In additiorq the control charts for fiUed model to each data series are also presented to

see if the estimated 95% confidence interval contains the actual values. They suggest

that the fitted values fall betweengl%o lower and upper confidence limits and those

values fluctuate ngar the original values for all observed data series in this study. The

forecast values for five years alread (from 2006-2007 to 2OlO-201l) are also

computed together with their 95% upper and lower confidence limits. It is also found

that all forecast values fall between their 95%o tpper and lower confidence limits of

each of the observed series.

The effect of changes in the economic time series due to special events can be

analyzed by statistical outlier analysis in order to provide the timings and the types of

outliers to be useful in future planning. In doing so, the application of only one

procedure for outlier detection is not enough and it is also suggested to use two or

more detection methods to get more satisfactorily results"
' 

This study focuses only on two types of outliers, namely, additive outlier (AO)

and innovational outlier (IO) which can occur most often in practical time series. In

furture researches, the effects of other types of outliers such as level shift (LS),

temporary change (TC), variance change (VC) and reallocation outlier (RO) should be

studied by suitable outlier detection procedures.
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The detection of outliers can also be extended for seasonal time series models

if it is possible for monthly or quarterly time series data. Furthennore, the detection of

outliers in multivariate time series should be investigated as a further study. It is also

recommended that the outlier detection and model fiuing should be studied regularly

in order to have beffer estimates or forecasts.

I
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APPENDIX A

Akaike's Information Criterion (AIC)

Assume that a statistical model of M parameters is fitted to data. To assess the

quality of the model fitting., Akaike (1973) introduced an information criterion. The

criterion has been called Akaike's Information Criterion (AIC) in the literature and is

defined as

AIC=nh6] +2M

where M is the number of the parameters in the fitted model, n is the number of residuals

that can be calculated from the series and 6j is the maximum likelihood estimate of the

.2
error valance oa . The optimal order of the model is chosen by the value of M, which is

a function of p and q, so that AIC is minimum.

Bayesian Information Criterion (BIC)

Shibata (1976) has shown that the AIC criterion tends to overestimate the order of

autoregression. More recently, Akaike (1978) has developed a Bayesian extension of the

minirnum AIC procedure, called Bayesian Information Criterion (BIC), which takes the

following form:

/ ^t

lft-'
BIC = nh6l -(n -r,alrn(r T)+Mlnn 

+M,
M

where M is the number of the parameters in the fiued model, n is the number of residuals

that can be calculated from the series, 6] is the moiimum likelihood estimate of the error

variance ou2 and 6l is the sample variance of the series. Through a simulation study

Akaike (197g) has claimed that the BIC is less likely to overestimate the order of the

autoregression"



Base Metal and
Ores Export
(thousand
metric ton)

Teak
Export

(thousand
cubic ton)

57

66

66

7t

91

146

754

140

135

100

110

r30

124

120

67

103

0

77

Wheat
Production
(thousand
metric ton)

9.5

10.6

10.4

9.6

8.8

10.1

10.7

10.9

r0.7

9.7

53.4

Lablab Bean
Production
(thousand
metric ton)

20.1

34.4
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Lima Bean
Production
(thousand

metric ton)

2.2

1.8

0.9

0.9

0.9

0.8

0.5

0.6
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APPENDIX B

Table (8. 1)

Selected Economic Time Series with Outliers

Years

1950-5 I

t9s1-52

1952-53

1953-54

1954-55

I 955-56 57

t956-57 5l

1957-58 58

1958-59 57

19s9-60 44

1960-61 30

1961-62 35

1962-63 38

1963-64 36

r964-65 3l

1965-66 32

1966-67 23

1967-68 l8

1968-69 20

13

l5

t97l-72 t6

1972-73 t7

1973-:74

1974-75 19

t975-76

1976-77

92 7.3

2 20.7

31.9

22.5 6.2

22.4

22.2 6.4

18

22.9 7.2

30.7 6.4

29.4 4.1

22.4 4.2

23.8

20.3 2.5

25.6

36 4.8

36 5.4

32.2 7.4

6

7

5

3.1

I1

1969-70

1970-7r

74.6

94.8

65.7 17.8

s0.3 22

2s.4 29.5

25.4 JJ

32.9

26.s

26.3 26.8

24.3

62.6 35.6

55.7 30.7

75.2 44.6

2l 2.9

1

1.1

tt2

119

3 l.l
31.1

I1

4

l1

9 {_i -

1:r.7t9l7 -78 10 84 vz2 I lo.r



15.7

aa
JJ

37

42.5

4l
89.4

114.9

t22

128

210.2

203

186.9

188.7

154.4

28

t22.2

t2r.5

136.4

106.9

87.7

76.7

85.4

90.7

a)

92.1

94.4

105.7

122.4

150

39.4

63.8

39.1

43.8

43.8

58.5

49.6

43.7

45.5

38.9

30.5

35.7

40

35.9

43

50.3

54.4

t34

0.8

0.7

0.7

0.7

t978-79

1982-83

t82.6

103

138.6

t44.9

139.2

184

83

I 68. I

150.7

121

148

229

252

172

t99

220

150

138

138

172

234

218

200

205.6

319.2

333.1

1979-80 11 J

1980-81 16.2

1981-82 17.7

20.8

1983-84 33

1984-85 38.7

1985-86 30.1

1986-87 66

1987-88 53

1988-89 25

1989-90 28

1990-91 JJ

11

0.7

0.6

0.8

t.2

t.2

t.2

5.1

1

I

1.1

1
1I

141.13

t17

32.8

2.7

4tA 1.8

38.7 1.8

44.5 2.1

45.1 2.3

3.6

t99r-92 J

1992-93 22

1993-94 25

t994-95 54

1995-96 34

r996-97 16

1997-98 26

1998-99

1999-00

2000-01

2001-02

8

115.3

63

62.r

67.9

74.7

78.7

5.2

4.7

5.1

2007-03 35

2003-04 30.8

2004-05 32.8

1.128

6.4

7.4

6.8

90.6 7.7
2005-06 29.7

Source: RePortto the People (1964-1 965 to 1979-1980)

156.2

Report to the Phyithu Hluttaw (lg7l-l972to 1988-1989)

ReviewofFinancial,EconomicandSocialConditions(19s9-1990to1997-1998)

Selected Monthly Economic Indicaton (1 955-2008)
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Table (8.2)

Estimated Values and Their 95o/oLower and Upper Confidence Limits

of the Fitted Model for Base Metal and Ores Export Series: 1955-1956 to 2005-2006

Year Estimates Lower Limit Upper Limit

1955-56 30.4332 4.3484 56.5t79

1956-57 s2.6756 38.41l1 66.9402

1 957-58 47.65?3 33.3877 61.9168

1 958-59 53.s129 67.7774

1959-60 s2.6756 38.4111 66.9402

1960-61 41.7917 27.5271 56.0s63

30.0705 15.8059 44.3351

1962-63 34.2566 t9.9921 48.5212

36.7683 22.5038 51.0329

1964-65 35.0939 20.8293 49.3584

1965-66 30.9071 16.6432 45.1723

1966-67 31.7450 17.4804 46.0095

1967-68 24.2099 9.9453 38.4745

1968-69 20.0238 5.7592 34.2884

1969-70 21.6982 7.4337 35.9628

1970-71 15.8376 1 S',t3 I 30.1022

t97l-72 r7.5t2l 3.2475 3r.7767

t972-73 18.3493 4.0848 32.6139

1973-74 19.1866 4.9224 33.4511

1974-75 8.3026 -5.9620 22.5672

1975-76 20.8610 6.5964 35.1256

1976-77 t4.1632 28.4278

1977-78 t2.4887 -1.7758 26.7s3]

1978-79 13.3260 -0.9386 27.5905

1979-80 3.8336 32.3627

14.4144 28.6789

39.2483

1961-62

1963-64

18.0982

-0.1014

0.14981980-81

t
1981-82 l 8.5168 4.?.522 32.78r3
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1982-83 19.7726 5.5080 34.0372

1983-84 22.3680 8.1034 36.6326

1984-85 32.s822 18.3176 46.8468

1985-86 37.3544 23.0898 51.6189

66.0000 51.7354 80.2646

1987-88 60.2107 45.9461 74.4752

1988-89 25.0000 10.7354 39.2646

1989-90 25.8844 40.1489

14.1315 42.66A6

t99L-92 32.5822 18.3176 46.8468

r992-93 32.5822 18.3176 46.8468

1993-94 23.3727 9.1081 37.6373

r994.95 50.3708 36.1062 64.63s4

r995-96 29.6632 1s.3987 43.9278

t996-97 33.4194 19.1548 47.6844

1997-98 18.3493 4.0848 32.6t39

1998-99 5.2078 -9.0568 19.4724

1999-00 29.6634 15.3989 43.9280

18.3176 46.8468

1986-87

1990-91

2000-01

2001-02

20a2-03

2003-04

2004-05

2005-06

l 1.6198

28.3961

32.5822

35.93 l1 2r.6665 50.1957

40.5358 26.2713 54.8004

34.?s66 t9.9921 48.5212

30.7403 t6.4757 45.0049

32.5822 18.3176 46.8468
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Table (8.3)

Estimated Values and Their 95o/oLower and Upper Confidence Limits

of the Fitted Model for Teak Export Series: 1955-1956 to 2005-2006

Year Estimates Lower Limit Upper Limit

1955-56 163.2008 -14.4451 340.8466

1,956-57 64.1856 -0.0484 t28.4197

1957-s8 72.s767 8.3426 136.8107

1958-59 72.5767 8.3426 136.8107

1959-60 77.2384 13.0043 141.4724

1960-61 95.8852 31.651 1 160.tr92

t96r-62 96.8175 32.583s 161.0515

1962-63 123.8553 59.62t3 188.0894

t963-64 147.1638 82.9298 211.3979

r964-6s t54.622s 90.3885 218.8s66

1965-66 141.5698 77.3357 205.8038

1966-67 136.9081 72.6740 201.t421

t967-68 104.2762 40.0422 168.5102

1968-69 113.s996 49.3656 177.8336

1969-70 132.2464 68.0124 196.4804

1970-71 1t5.4643 sl.2302 179.6983

t97t-72 t26.6524 62.4t83 190.889

1972-73 122.9230 58.6890 187.1 570

t973-74 rzt.9907 57.7566 186.2247

1974-75 73.5090 9.2750 r37.7430

1975-76 107.0732 42.8392 1713073

r976-77 105.2085 40.974s 169.4426

t977-78 82.8324 18.5984 r47.0664

1978-79 t78.2795 t14.0454 242.5135

1979-80 98.3832 34.1492 162.6t72

I 980-8 l t07.0732 42.8392 17r.3073

.€do?o5
llorcqrcoe {

rtras [,

l98l -82 t40.2&5 76.030s 204.4985
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1982-83 t46.1382 81.9042 210.3723

1983-84 140.8239 76.5899 205.0579

1984-85 t82.5927 118.3587 246.8267

1985-86 181.7536 117.5196 245.9876

1986-87 167.768s 103.5345 232.0025

87.31 18 2t5.77981987-88 151.5458

1988-89 123.85s3 s9.6213 188.0894

1989-90 149.0285 84.7945 2t3.2625

1990-91 224.5480 160.3139 288.7820

r99l-92 245.9918 t8r.7577 3t0.2258

1992-93 t71.4046 107.1706 235.6387

1993-94 t96.5778 132.3438 260.81l8

1994-9s 216.1569 151.9229 280.3910

199s-96 1s0.8932 86.6591 2ts.1272

r996-97 120.1260 55.8919 184.3600

1997-98 139.7051 75.47r1 203.939r

1998-99 139.7051 75.47rr 203.9391

1999-00 17r.4046 235.6387

2000-01 229.2097 t64.9756 293.4437

2001-02 2r4.2922 150.0582 278.s263

2002-03 197.5101 133.2761 261.7442

2003-04 202.7312 138.4972 266.9653

20M-05 273.1229 208.8888 337.3s69

2005-06 308.4585 244.2245 372.6925

r07.1706

J,
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Table (8. 4)

Estimated Values and Their 95"hLower and Upper Confidence Limits

of the Fitted Model for Wheat Production Series: 1955-1956 to 2005-2006

Year Estimates Lower Limit Upper Limit

1950-5 I 64.8385 -23.0417 152.7188

t95t-52 13.0219 -17.8282 43.8720

1952-,53 14.0519 -16.7982 44.9419

1953-s4 13.8646 -16.9855 44.7147

1954-55 13.1155 -17.7346 43.9656

1955-56 12.3664 -18.4837 43.2165

1956-57 r 3.5837 -r7.2664 44.4338

1957-58 t4.1455 -16.7046 44.9956

1958-59 14.3328 -16.5173 45.1829

19s9-60 14.1455 -t6.7446 44.9956

1960-61

t96t-62

t962-63

1963-64

1964-65

t96s-66

1966-67

t967-68

1968-69

1969-70

1970-7r

t97r-72

1972-73

t973-74

1974-75

t975-76

t976-77

1977-78

13.209t

27.9140

28.9399

-17.64t0

-2.9401

-1.9101

44.0592

84.9781

58.7600

59.7900

10.9619 -19.8882 41.8120

23.5091 -7.3410 54_3592

33.9963 3.1462 64.8464

54.1280 23.2779

70.2333 39.3832 101.0834

92.8932 62.0431 r23.7433

65.6452 34.7951 96.4953

5t.2253 20.3752 82.0754

27.9100 -2.944r 58.7600

34.9326 4.0825 65.7827

t
28.7527 -2.0974 59.6028

26.8800 -3.970t 57.73A4

62.742s 31,.8924 93.5926

56.2816 25.4315 87.1317

74.5406 43.6905 105.3907

1978-79 40.7147 9.8&6 71.5&8
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1980-8 l
1979-80 89.09s3 58.2452 119.9454

87.8369 s6.9868 118.6869

1981-82 ltt.7t40 80.8639 142.5641

1982-83 r18.3621 87.5t20 149.2122

1983-84 2t0.2000 179.3499 241.0501

1984-8s 200.9489 170.0988 231.7990

1985-86 194.2071 t63.3570 22s.0572

1986-87 179.1317 148.2817 209.9818

1987-88 180.8172 149.9671 2r1.6673

1988-89 148.7001 I 17.8500 179.5502

1989-90 t24.0739 93.2238 r54.9240

r990-91 1l 8.s494 87.6993 149.3995

t99r-92 r17.8939 87.0439 148.7440

1992-93 t36.2466 r0s.3965 t67.0966

t993-94 131.8457 100.9956 r62.6958

t994-95 104.2231 73.3730 t35.0732

l99s-96 86.2450 55.3950 l 17.0951

1996-97 75.9451 45.0950 106.7952

1997-98 84.0914 53.2413 rt4.9415

1998-99 58.2040 119.9042

1999-00 90.2714 59.42t3 t2t.t2t5
2000-01 I12.0885 81.2384 142.9386

2001-02 90.3650 59.5149 12r.2151

2002-03 92.s186 61.6686 123.3687

2003-04 103.0995 72.2494 r33.9496

2004-05 118.7367 87.8866 149.5868

2005-06 144.5801 113.7301 175.4302

89.0s41

Jz
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Table (8.5)

Estimated Values and Their 9lo/oLovrer and Upper Confidence Limits

of the Fitted Model for Lablab Bean Production series: 1955-1956 to 2005-2006

Year Estimates Lower Limit Upper Limit

1950-5 1 49.3871 -6.2338 105.0079

1951-52 23.1473 1 1.01 63 35.2782

1952-53 23.0497 35.1806

1953-54 22.8545 10.7235 34.9854

1954-s5 18.7556 6.6247 30.8866

1955-56 23.5376 1r.4067 35.6686

19s6-57 3 1.1499 19.0189 43.2808

1957-58 29.8812 17.7502 42.0121

1958-59 23.0497 10.9187 3s.1 806

1959-60 24.4160 12.2850 36.5469

1960-61 21.0002 8.8693 33.1312

t96l-62 26.1726 14.0417 38.3036

10.9187

24.1913

24.1913

29.9788 17.8478

1962-63 36.3223 48.4532

1963-64 36.3223 48.4532

1964-65 32.6138 20.4828 44.7447

1965-66 2r.6834 9.5524 33.8143

1966-67 20.8050 8.6741 32.9360

1967-68 18.5604 6.4295 30.6914

1968-69 22.6593 10.5284 34.7903

1969-70

1970-71 33.3945 2r.2636 45.5254

t97l-72 31.5402 19.4093 43.6712

1972-73 31.5402 19.4093 43.6712

1973-74 27.3438 15.2128

1974-75 34.7608 22.6298 46.8917

1975-76 35.9319 23.8010 48.0629

t976-77 31.t499 19.0189 43.2808

1977-78 44.7152 32.5843 56.8462

42.t097

39.4747

t
1978-79 46.1791 34.0482 58.3101
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t979-80 64.1980 s2.0670 76.3289

1980-81 39.4867 27.3557 st.6t76

1981-82 39.3476 27.2167 5t.4786

1982-83 43.9345 3r.8036 56.0654

1983-84 43.9345 31.8036 s6.0654

1984-85 58.2806 46.r497 70.4116

1985-86 49.5949 37.4639 6r.7258

1986-87 43.8369 31.7060 55.9679

1987-88 45.5936 33.4626 57.7245

1988-89 39.1525 27.0215 51.2834

1989-90 30.9547 18.8237 43.0856

1990-91 36.0295 23.8986 48.1604

t99t-92 40.2260 28.0950 s2.3569

1992-93 33.1993 2t.0684 45.3303

1993-94 36.2247 24.0937 48.3556

t994-95 4t.5923 29.4613 53.7232

1995-96 38.9573 26.8263 51.0882

1996-97 44.6t76 32.4867 56.7486

1997-98 45.2032 33.0723 57.3342

1998-99 43.1538 3t.0228 ss.2847

1999-00 50.2780 38.147r 62.4494

2000-01 54.2793 42.1484

2001-02 62.6723 s0.s413 74.8032

2002-03 61.7940 49.6630 73.9249

2003-04 67.4543 55.3234 79.5853

2004-05 74.0906 61.9597 86.2216

2005-06 77.9943 65.8634 90.1253

66.4103
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Table (B.6)

Estimated Yalues and Their 95o/"Lower and Upper Confidence Limits

of the Fitted Model for Lima Bean Production Series: 1950-1951 to 2005-2006

Year Estimates Lower Lirnit Upper Limit

1950-51 6.67t7 0.9046 12.4387

r95l-52 6.2121 4.9131 7.5111

1952-53 6.0173 4.7182 7.3163

1953-54 6.4070 s.1080 7.7060

1954-55 6.9916 5.6925 8.2906

L

1 955-56

t956-57

1957-58

1958-59

1959-60

1960-61

1961-62

1962-63

1963-64

t964-65

t96s-66

1966-67

1967-68

1968-69

1969-70

1970-7t

t97t-72

r972-73

1973-74

1974-75

1975-76

1976-77

1977-78

7.1864

4.r000

4.1661

4.2635

2.5000

2.6072

3.1918

4.8481

5.8874

2.8009

2.8671

?.9645

1.2009

1.3082

1.8928

3.5491

8.4854

5.3990

5.4651

5.5625

3.7990

3.9062

4.4948

6.1471

8.6813 7.3823 9.9804

4.2161 2.9r71 5.5151

2.9969 t.6979 4.2959

2.3t49 1.0159 3.6t39

t.9252 0.6262 3.2242

1.1458 -0.1533 2.4448

1.0483 -0.2547 2.3473

1.0483 -0.2507 2.3473

r.2432 -0.0558 2.5422

1.0483 -0.2547 2.3473

0.9509 -0.348r 2.2499

0.6586 -0.6404 1.9576

0.7560 -0.5430 2.0550

0.7560 -0.5430 2.0550

0.8s35 -0.4456 2.1525

i

r978-79 0.8535 -0.4456 2.1525
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1979-80

1980-81

l98l-82

1982-83

1983-84

1984-85

1985-86

1986-87

l 987-88

1988-89

1989-90

1990-91

r99t-92

t992-93

1993-94

1994-95

1995-96

1996-97

1997-98

1998-99

1999-00

2000-01

2A0t-02

2002-03

2003-04

2004-05

2005-06

5.1404 3.84t4 6.4394

0.9s09 -0.3481 2.2499

0.8535 -0.4456 2.152s

0.8s3s -0.4456 2.t525

0.8535 -0.4456 2.rs25

0.8s3s -0.4456 2.1525

0.7560 -0.5430 2.0550

0.9s09 -0.3481 2.2499

r. l4s8 -0.1533 2.4448

r.1458 -0.1533 2.4448

1.2432 -0.05s8 2.5422

1.1458 -0.1 533 2.4448

1.3406 0.0416 2.6396

1.3406 0.0416 2.6396

1.3406 0.0416 2.6396

2.8021 1.5031 4.1011

1.9252 0.6262 3.2242

1.9252 0.6262 3.2242

2.2t75 0.9185 3.5165

2.4123 l.1r33 3.7114

3.6789 2.3799 4.9780

s.2378 3.9388 6.s368

4.7507 3.4517 6.0497

5.1404 3.8414 6.4394

6.4070 5.1080 7.7060

7.3813 6.0823 8.6803

6.7967 5.4977 8.0957

Jr'
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Figure Cl Control Chart of Fitted Model for Base Metal and Ores Exports Series

t-

I

rl
,|

II

1

I

t

1 3 5 7 9111315171921 2325272931 33 35 37 3541 4345474951 5355

,t--

-1

Figure c2 control chart of Fitted Model for TeakExport Series
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Figure C3 Control Chart of Fitted Model for Wheat Production Series
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Figure C5 Control Chart of Fitted Model for Lima Bean Production Series
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